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SOME

C A L I F O R N I A

S O I L S

AND THEIR REIATIOWSHIPS

Chas. F. Shaw
1937

Introduction
This discussion of the classification of the soils of California, and the
descriptions of seventy-one soil series, have been prepared for use as a guide to
students who are studying the soils of California. It is to be supplemented by >
lectures and discussions that will bring out more of the relationships between '|
the soil series, the reasons for their differences, and the general and specific j
pedologic, agronomic,"'ajrd e'oonomic features of the soils of California.
/|
Although extensive studies of the soils of California wore carried on
for many years bjr Hilgard, Loughridge, and their associates, and a generalized
soil map of California by Hilgard was included in the Census Reports of 1885,
systematic soil surveys were not undertaken until 1900, when the Bureau of Soils
of the United States Department of Agriculture mapped two areas (in Fresno and
Orange counties). Work has been going on continuously since that time, with the
College of Agriculture and the Bureau of Soils cooperating since 1913. To date
(June 1937) 94 areas have been mapped, covering a net total (eliminating resurveys
of some areas and overlapping of detailed and reconnoissance surveys) of 51,523
square miles, of which 36,736 square miles (23,511,040 acres) were mapped on the
detailed scale of one mile to the inch, and a net additional area of 14,787 square
miles (9,463,680 acres) were mapped on the reconnoissanco scales of either two
miles or four miles to the inch. While about 75 per cent of the farm lands of the
state have been covered by these studies, only 32 per cent of the total area of
the state has been surveyed, there being few surveys that include much of the forestedv range, or desert lands that make up such a large part of the state.
In the course of these surveys over 225 series of soils have been dis-^s-*^
covered, described, and correlated. Nearly evory aroa studied yields the discovery of one or more series, but most of these are of relatively limited extent and
usually are of little importance from either pedological or economic viewpoints.

Soil Classification
In 1927 a "Key to the Soils of California" was published (First International Congr. Soil Sci, 4:65-103) in which the 148 series then correlated were
''arranged in a systematic classification that followed, in general, the systems
used in the other natural sciences, particularly the biological sciences of Botany
[and Zoology.
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It has been found impossible to fit the soils of California into the
; "Great Soil Groups" of the Russian classification. Some of the soils fit well,
but most of them fail to conform to any of the established groups. There are a
few small and isolated areas of Podzols Icnoip/n to exist on the northwest coast and
in the high Sierras; the acid soils of the coastal mountain regions might be
placed in the Gray-brown podzolic groups, though they include very wide variations in character; some of the soils of the Sierras could be placed in the very
indefinite Red and Yellow soil group or in the Lateritic group of Red loams; while
the desert soils can be included in the rather inclusive Northern Gray Desert and
the Southern Reddish Desert soil groups. In most attempts to show these soils on
small maps the major part of the state is included in "Soils of the Pacific
Valleys" and similar indefinite categories (Marbut, Kellogg). Among the series
discovered within the valleys some appear to fit the requirements of Chernozem,
others the Chestnutearths, the Solonohak and the Solonetz soils, but in most cases
the series do not fit any of the categories that are at present established.
The great complexity of parent materials, the extremes and abruptness of
topographic differences» the great variation of temperature, rainfall, frost, and
other ^Ximat'ic features within short distances, all tend to give a great variety
of soils with a very complex distribution pattern. Two soils, six miles apart
on the same valley plain,, with practically identical climate and cover, were
judged by a competent visitor; one to be a definite Chernozem, the other to be a
Chestnuteartht The great extent of soils having recent and only moderately develo£ed profiles (over one-half of the series mapped)" adds to the difficulty of
placing the soils of the state in a few inclusive groups that would be expressive
of their character.
In the Classification of the Soils of California, based on their inherent characteristics, six major categories have been established—Ordgx, Class,
Div^^ion, Family, Series, and Type, each with two or more subheadings, and within
these have been arranged tho series of mineral and organic soils that have been
recognized and described within the state, A brief discussion of each of these
categories follows the outline of the classification.
.
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,^Soil Classifioation Outline'
\^^

(Shaw - 1937)

1. Order (oha£.%cter_^j;^^h.e soil jaterial)

A,

B,

Mineral s o i l s
T» ^IPrimary s o i l s (ResisLual weathering)
2, Secondary s o i l s (Weathered from Trajisgorted, l l a t e r i a l s )
Organic s o i l s
'""l. Primary
2, Secondary

tvnmiw
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3.
2.

Class (trend of reaction and profile develogment) (climate)
A. Pedalfer (without lime accumulationj leached)
1. Claygians (Argillocompactum)
) ^
Braunerde, Terra rossas, Prairiearths, etc.^
2.
Iron hardpans (Perrosaxeum) < j,i A ^ ^Z
Podzols, Laterites, etc. j *'>4"«»'^
B,

. / ^. |
leir|sT-'*^«" '

Pedocal (typically with lime accumulationj unleached)
1. Lime*-irpn hardpans (Calciferrosaxeum)
'"Shëötnutearths, Red Desert soils, etc.
2.
Lime hardpans (Calcisaxeum)
""CKernozem, Calichi soils. Gray Desert soils, etc.

«

3. Division (based on composition) (geological origin of parent material) J L/f>jj.^\rf-<H**?
A.

Siallithous (from acid .igneous rock souroes]y^A-^,,»'r>'Ujt6jijn..tJi^*^'^^

B.
Simalithous (from basic igneous rock sourcesT^
CV
C. Arenalithous (Argiilolithous) (from sandstone and shale rook sources)\ ^•'T^/|»
D. Calcilithous (from limestone rock sources)
,,^*"H-^ j
E.
Heterolithous (from mixed or undeterminable rook sources)
•^'^
1. Suites (subdivision based on specific character of parent
mate rial)
4.

Family (specific character of_j]gture profile)_

_„__,_,«.,,,»>-.«-«»=*^"'°**'''''~^
r

^ ^

A, San Joaquin Family (Ferrosaxeum San Joaquini)
i f/-(«^\,ie.'tl«».^""t:>^>'4 ""r
B.
Fresno Family (Ca] cisaxeum Fresnii)
\ [^)>J^e•*U4fc.t£*»4 i^XJ /
N.
Many other families
^~——,.^^»-~".-«---«»«««-^-^'™-^=*'"^
I. Staj-e (age or degree__of development) (within each Family)
A,
B,
C,
D,
E,

Solum
Solum
Solum
Solum
Solum

CrVdum (unweathered - i^e^aeHt) «^-^'^y»*•'*-<^'•^**7^•^^'^
Seitt^orudum (slightly weathered - young) ^'^'^'"•f*^
Irnmal^uruffi. (moderately weathered - immature) W<^^v^^
Semim^turwii (strongly weathered - semimature) ï^-^vvi-*ïiaturum (fully weathered - mature) .'<.!.«>lj

5. Series (xjniform in profile characteristics except those based on texture of
the surface soil)
n, 'Jtony thousand series have already been discovered
6.

Type (uniform in all characteristics - the unit of classification and mapping)
n.

Several types are usually found in each series

I'

% 'St^r^

3)

ff.

©i.llö-'swj ei*f«Jte ï o "ïö^^ii-s-

« mmêi *mAf étrwüm mimi'^^émmM

I

idBms

^ mm^Lhm) aos^mi «<

^

j OW-wSfu--i Sr^A

; "ti*. '^•^~*-f' i

ORDER
The ORDER, the most inclusive grouping, is based on the character of
i
J the soil mass, whether M^^rgl. or_0rgai.i3^,ff^ The Mineral soils include all those
liryJ'-l which are"^omposed mainly^'ofinorganic material, with relatively small amounts
f
of organic réiffiins. Organic soils include all those in which the content of
organic material is suHTcient to be a dominant characteristic, p It is diffi"cult to establish a definite percentage composition? the condition of the organic
material may be as important as the percentage content; but generally if a soil
contains more than twenty per cent of organic materials it will be included in
the order Organic, The Mineral soils have been divided into two Suborders,
Primary and Secondary, frequently called in soil literature Residual and Transported soils. Organic soils will also be so divided when both primary and secondary series are discovered. The terms primary and secondary are used because
they allude to the soil itself, while the terms residual and transported apply
more directly to the Soil material.
Primary Soils; Primary soils are those which have developed in place
h-.^
\through the disintegration and decomposition of rocks and the weathering of the
'resulting debris to true soil with horizons of eluviation or "A" horizons and
'•'R-t X
of illuviation or "B" horizons. The rocks are weathered mainly by chemical pro- '•
'cesses which result in the solution and definite removal in percolating water of
much of the original mass. As weathering progresses the rocks are protected by
the cover of soil and debris from the active work of animals, plants, air,
thermal changes, etc., but are continually worked upon by the water charged with
acids and other reagents. The surface of the underlying unaltered rock mass is
continually being lowered and the thickness of the rock debris and soil cover
n
continually deepened. If no erosion occurred a condition of equilibrium would
u4jJ,—'/[,
ultimately be approached with a more or less stable relation between the true hJM^-y\>[
soil, the disintegrated rook debris, and the parent rock.
But Primary soils throughout the whole period of their development have
been subjected to more or less erosion and the removal of the upper portions of
^v!.4- "the surface or A horizons. Nearly all primary soils occupy a topography which
has been shaped by the forces of erosion. Even the hillsides bearing the densest
cover of forest or brush have obviously been fashioned by the tools of erosion.
This slow but constant removal of the surface soil results in a modification of
i-^^i the upper portion of the subsoil or B horizon, changing this from a zone of
accumulation to one of removal, and reweathering it to form a new surface or
Vv^ A horizon. Under virgin conditions, with a native cover of trees, brush or grass,
this action is exceedingly slow. Occasionally, as for instance when a fire would
destroy the protective surface cover of organic debris, the stripping away of the
surface horizon might be rapid and severe and possibly so modify conditions as
to result in the growth of a new and different vegetative cover. That the aggregate removal is enoraious is attested by the shape of the hills themselves,
as well as by the great areas of alluvially-borne sediments that fill valleys,
estuaries and bays, form coastal plains and deltas, and build up the beds of
lakes and seas, l/ïhere man has intervened and altered conditions by cutting off
the forests or destroying the grass cover by severe grazing, the erosion and
removal of the surface soil is enormously increased, and today many a hill farmer
is tilling an exposed subsoil or B horizon, endeavoring to make it fertile, and
f wondering why his land is not so productive as it once was I Primary soils usu/^ ally wear off by erosion, but very rarely do they wear out because of exhaustion
I {Of their plant food content.
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Primary soils, either virgin or cultivated, are the result of a triple \
weathering. First, the weathering of the rock to form the soil material; seoondi ^z^'*'''*^a
the weathering of that material to a true soil with definite A and B horizons;
n^»-**'*^
and third, the weathering of an exposed subsoil or B horizon to form a new surI
face soil. All of these activities progress siHttltaneously and the solum, or
weathered soil mass, is gradually being lowered in elevation as the height and
slope of the hills approach the peneplane stage. Ihen this mature, nearly level
peneplane stage is reached, the erosion decreases and a final stage of equilibrium between rock weathering, soil formation, and erosion may be approached,
with a nearly flat, poorly-drained land surface and a mature and relatively
stable characteristic soil profile. |j-^.v»lw«^«*."?| i^Jfi^^AHi^^^ t^vA^v,jJiic{
In California the primary soils occupy relatively youthful topography
with erosion so active that in many regions, particularly where precipitation
is slight and there is little vegetative cover, the soils are quito thin. Even
with these thin layers of soil, however, the horizons of eluviation and illuviation are usually apparent. The downward movement of the solian, with the B
,-*
horizon the most persistent, results in an amount of clay in the subsoils that ^""'^^
may represent the accumulation from several feet of former A and B horizons, ^^j-i^^^^""^ ^
i W ^
Secondary Soils; Secondary soils are those that have developed through'*^ "
^
Lthe weathering of materials originating from previously existing soils and from '^ '"''^^y',
fresh rock debris, eroded from their original locations and transported and re- ''''***'?
^
deposited by water, wind, ice (glaciers) or other agents. Secondary soils may
show fully-developed mature profile conditions, or may be in any stage of immaturity from that of the most recent alluvial or aeolian deposits with profiles
wholly unchanged by any weathering activities. Secondary soils may show sufficient differenceS; due to the conditions of transportation and deposition of the
parent material to warrant further subdivision. The unassorted mixture of
materials composing the sheet of glacial till, the absence of finest particles !
from the moraines and drumlins, the uniformity of the loessial deposits, the ^vü>^^**
stratified and assorted materials laid down by water, may warrant subdivisions
of this suborder based on the mode of deposition of the parent material.
The rate of accumulation of secondary soil materials and the period of
their exposure has a marked influence on the resulting soil characteristics.
Floodplaina and alluvial fans in many cases are built up so steadily that the
periodic increment of sediment may be sufficient to obliterate any slight
weathering during the inter-flood period, and may persistently maintain very
youthful soil profiles. Wo have many examples of such recent, unweathered
secondary soils in California, occupying the surfaces of great alluvial fans
and floodplains. Under other conditions the rate of transportation and deposition of debris may be so slow that the soil material may be weathered to a semimature stage all the time, the thin accumulation of fresh material on the surface being almost negligible during any man-measured period. Such conditions
are frequently encountered in the arid and semiarid regions, and one result is
the development of abnormally thick subsoil or B horizons that are often out
of all proportion to the thickness of the existing surface or A horizon. This
process may also explain the character of the subsoils in some regions where
the material is aeolian. The air-borno sediment may be deposited at so slow a
rate that the soil always maintains a nearly mature profile and develops a very
thick and deep B horizon.
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In most of the arid regions, movements of the Earth's crust have from
time to time altered the slope and changed the drainage conditions. The tilted
alluvial fans and floodplains with •wholly immature soil profiles thereafter may
receive no further increments of sediment and would from that time be exposed
to continuous weathering. The soil profiles thereafter developed will show a
degree of maturity that will depend on the period that the weathering has heen
going on. In California we have successions of terraces, sloping benche'^ or
mesas showing definite stages of development, from quite recent to full ntaturity. Under such conditions of soil development, mature profiles show B horizons
of dense clay or of indurated hardpans that are of normal or moderate thickness.
These are usually underlain by unvreathered parent material, often pervious, and
potentially excellent soil for plant growth.
Some of the older secondary soils may be subject to erosion and to the
same phenomena of weathering of B horizons to A horizons as that which occurs
with the primary soils. Usually, however, if erosion is very active, these
tmconsolidated deposits of parent material are eroded much faster than the mater- ^S
ial weathers to soil and there is little development of either A or B horizons, q^^.*»
but a constant exposure of horizon C, ?\lhen erosion has materially reduced the
i^^».
elevation and slope and they approach base level, erosion decreases and the A ^j-.^ri't
and B horizons develop. Even during this latter stage, the unconsolidated and * *
more or less pervious character of the parent material serves to differentiate
the secondary from the primary soils.
The character of the parent material which has usually been derived from
previously existing soilsj the conditions of soil weathering, frequently with
deposition of fresh material instead of erosion, and the decided differences in
characteristics of the final mature profiles that are developedj all serve to
differentiate the Secondary from the Primary soils and to justify the establishment of these two great suborders of soils.
'tvX-^, f - I X | - |

CLASS

The CLASS is the second great category in the scheme of classification
and is based on the(trend,of reaction in the soil mass. Essentially it is a
recognition of the effect of precipitation in leaching the soil. Two classes
are usually recognized - Pedalfers or soils that have been leached of lime and
(
other soluble bases, and Pedooals or soilsCthat have not been leached to any
-S^JJ-—*-^'
extent and)which have concentrations or accumulations of lime and other soluble
materials in the subsoils or B horizons. In the regions where rainfall is
'*j.vi,v^^W't
heavy and considerable water passes through the soil mass, the soil is leached
of bases and generally has an acid reaction, while in arid or semiarid regions
with small amounts of rainfall there is little leaching and the soils are
usually neutral or basic in reaction.
T/Vhile in theory this distinction between the Pedalfers and Pedooals is
clear, in application much difficulty is enooxmtered. There are many soils
that have no horizon of lime accumulation and that do not show the presence of
lime when tested by the usual field methods (weak hydrochloric acid) yet which
are close to neutral in reaction and which may have a clay complex saturated
with bases. In this classification and description of California soils, most
of the soils of this character have been designated as "noncaloareous pedooals"
and are considered to be pedocalic in character. There is evidence that these
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soils are slowly developing lime by the weathering of calcium-bearing minerals
that are present in the coarser fractions of the soil mass, and that, with increasing maturity, lime accumulations will develop. It is probable that further
study will lead to the establishment of another intermediate class lying between
the Pedalfers and the Pedocals (i.e. Pedomed - median, or Pedoneut - neutral?).
.- —t----,^ Subclasses. While the soils of California do not fit well into the
"Great Soil Groups^ of the world, in the classification these groups have been
recognized as subclasses.
under the Pedalfers would be placed the Braimerde, Terra Rossa, Redearths, Prairiearths, etc., that characteristically develop a claypan subsoil
when maturely developed, and the Podzols, and Latorites that at maturity may
develop a sosquioxide-cemGnted hardpan horizon.
Under the Pedocals would be placed the Chestnutearths and Red Desert j ^
soils that at maturity will probably develop a reddish-colored lime-iron hard--'
pan, and the Chernozems, Caliche soils. Gray Desert soils, etc., that at maturity have a heavy lime horizon or a gray lime-cemented hardpan.

"^.^
^«.^"
^'

>

In California the true Pedalfers are found in the regions of heavy precipitation along the northern and central parts of the Coast and on the higher
foothill and mountain elevations where the rainfall is sufficient to give dis- . i,
tinct leaching of the soil mass. Some pedalferic soils occur on alluvial fans j3|^and floodplains that receive relatively low amounts of rainfall. These soils I ^^
were eroded from regions of high rainfall, and transported to their present
; .
location by flood waters, which (floods) serve to further leach these alluvial '*^H
soils after deposition. Some may remain pedalferic in nature, others that con- |^„j«J^
tain calcium-bearing minerals may weather to a pedocalic condition. It is
these secondary soils that present the greatest difficulties in proper classi- j
fication as podalfers or pedocals.
---.-—--|

DIVISION
The DIVISION is the third great category in the classification and is
based on the profile characteristics dependent on the composition of the soil
material. These characteristics are largely dependent on the mineralogical constituents inherited from the parent material smd the nomenclature for the several divisions is adapted from geology. Subdivisions are based mainly on the
petrographic aspects of the parent materiaal.
The compositijDn^and ojmraqter,.of the parent material determines the
response to ïEèröck-weatherlng and soil-forming forces of climate and organic
life. Under the^^Galifornia conditions, where severe leaching rarely occurs, the
peculiarities of composition of the parent material persist even in the fullymatured soil profiles. In regions where the rainfall is greater and leaching
more severe, or in regions where the parent material is uniform over great areal
extents (i.e. loessial regions) the Division might seem to be of lesser importance^ tn^f-l; Tfi^i--
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ïhe soils of California have been grouped in five Dj.visions:
r A - Siallithous - soils composed of materials originating from
igneous and metamorphosed igneous rooks high in g^uartz (acid-i
/
igneous rocks).
""^ ""
~ " ~~ 'v—wj
\
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I B - Simalithous - soils composed of materials originating from
J
igneous and inetamorphosed igneous rooks low in quartz (basic
,
igneous rooks).
-u.--i C - Arenalithous - soils composed of materials originating from
/
sandstone and shale rook sources.

!
1

D - Calcilithous - soils composed of materials originating from
limestone rook sources.

\
i^ E - Heterolithous - soils composed of material originating from
mixed or undeterminable rock sources.

The Arenalithous division could be separated into the Arenalithous (from
sandstones) and the Argillolithous (from shales) but in this state these two
kinds of rocks are usually so closely associated in their occurrence that the
soils are usually a mixture of the two parent materials. In this division, as
in each of the others, subdivisions may be made on the basis of the petrology
of the parent materials, as for instance, soils from siliceous sandstones, from
cherty shales, or from slates. The Siallithous divisior^might be subdivided
into soils from granodiorites, from granibes, from rhyolites, or from afeyenite,
etc., while the Simalithous subdivisions might bo soils from Andef^tesji from_. „
Basalts, or from Peridotites7"""~ "
"
-A.^i^'si» ^-is-^-^f^^'*)
Suite. These subdivisions correspond in a measure to the Suite as presented by G. W. Robinson in his classification of the soils of YiTales (Soils:
Their Origin, Constitution and Classification, Murby and Sons, London), His
definition of the Suite as "soils derived from the same or similar parent material" would indicate his Suite to be comparable to my Division, but in application he appears to restrict its use to specific formations. I am herein using
the Suite to designate a group of soil series that are derived from the same or
very similar parent materials, but in a sense much more restricted than the
Division, The Suite, in primary soils, may be based on the lithological character of the parent rook, as granodiorites for the Holland Suite, or in secondary
soils it may be based on the character of the most recent or youthful soil
material, considering this to be the "parent material" from which the older profiles have been developed. The Yolo Suite or Columbia Suite would be good
examples.
I have used the Suite classification only in those oases where the family
relationships were not clear or decidedly incomplete, and have not attempted to
show the suite relationships of the families except to include in each description a statement of the kind of rock from which the series was derived.
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FAtnLY

The FAMILY is the fourth great category in the classification and is
"based on the specific character of the mature profile. Although it may prove
to be one of t;he most important and illviminating grouping of related soils, it
has proven by far the most difficult category to work out. A proper arrangement
of the member soils into the family would presuppose not only a knowledge of the I
character of the mature soil profile developed under a given set of conditions
'
from a known parent material, but also a knowledge of all the intermediate stages .
xia the progressive development, from the most recent to the fully matured. In
only a few cases do wo find reasonably complete families, with all the members
present. In many cases only the less mature members are discovered and the final ^^^ , .^
mature character is a matter of speculation or theory. In other cases, mature
'-.'•'«.Je*4 ,
profiles are discovered in regions having several recent or very young soils and
it is difficult or impossible to determine whether or not they are genetically
related. In the following pages several families are given with most of the
members known and described. In others only a part of the family is given, while
in many cases soil series are presented in "suites" of related soils without
family designations. Much more field investigation is needed, supplemented hy j v, \ . ;
intensive chemical and physical laboratory studies in order to work out these ^ cAJ*^'
fascinating and baffling problems of soil family relationships.
Stage, Within the family we have recognized several stages or degrees
of development from recent soils to those with fully-matured profiles. The
degree of development of the profile can usually bo determined in the field from
characteristics of texture, structure, consistence, and other easily recognized
features. Occasionally physical or chemical anal5''ses are necessary to determine
the stage of development, and sometimes, as with excessively clayey soils, it
may be practically impossible to determine.
In most families that have been discovered and studied, we can recognize
at least five stages which have been named and defined as follows:

. 9
A. Recent Soils or Solum Crudum. Profiles without definite --^ ^ .^j^
horizons of eluviation or illuviation; relatively undeveloped -'^ «rwti !
recent or very immature soils.
^'

Yoimg Soil or Solvcm Semicrudum. Profiles with slightly compact
subsoil horizons but without distinct clay accumulations;
slightly developed immature soils.

'^'

•^^J'^Q-'bT^re Soil or Solum Immaturum. Profiles with dense or compact subsoil horizons with distinct clay accumulations;
moderately developed immature soils.

^'

Semimature Soil or Solum Semimaturum. Profiles with very dense
and compact, semicemented subsoil horizons with high clay aocxmulations; strongly developed semimature soils,

•^* Mature Soil or Solum Maturum, Profiles with cemented, rocklike
hardpan horizons or with compact highly colloidal dense clay
horizons; fully developed mature soils.

• J ,
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Ihile these definitions stress clay accvuiiulations as the major deciding feature,
other accimulations - lime, sesquioxides, e t c , are also recognized as determinajit features.^
The soil families have been given the name of the mature series member,
as for instance, the San Joaquin Family, the Fresno Family, etc, llhere a fullymatured member has not been discovered in an otherwise distinct and definite
family, the name of the most mature member has been used. In the related "suites"
the name of one of the most recent or undeveloped series has been used.

SERIES
The soil SERIES is the fifth^^great category based on the specific characteristics of the soil, and usually is used as the unit in classification
schemes. It includes soils having the same character of profile (the same general range in color, structure, consistence, and other characteristics including
the sequence of horizons) the same conditions of relief and drainage, and usually
a common or similar origin and mode of formation. It inclvides soils that are
alike in all features except the texture of the surface soil and those characterxsti'os dependent upon texture. The name of the soil series is taken from some
geógrapïïió feature such as the name of a city, creek, school, or farm located
on these soils in the area where they were first found and described. Thus we
have the Hanford, the Delano, the Gould, and other series names, none of which
are descriptive. In this respect soil classification has followed the other
natural sciences.
,
While the ideal soil series assumes imiformity in all characters except
texture of the surface soil, the series actually include a certain degree of
variation in each of these characters. It is not usual to find places in the
field where the soils change abruptly in any important feature. Changes are
usually gradual and progressive and in mapping soils the limits of a series
necessarily include a degree of variation in either direction from the established standard. The artioimt of variation recognized as permissible differs considerably and is usually indicated in the series descriptions. Some series are
remarkably uniform in all respects while others may have one or more characters
that normally vary to a considerable extent, yet do not sufficiently modify the
characteristics of the soil to justify the establishment of a new series. The
degree to which the series as delineated on the maps is maintained within the
permissible or accepted limits of variation depends on the industry, skill and
judgment of the soil investigator. The correlation between the soils as mapped
in different areas and by different men, is dependent on the availability of
accurate and complete descriptions of all the established series, on careful inspection of the field work by experienced correlators who are familiar with the
soils of great regions, and on the maintenance at some central office of typical
standard profiles of each series, with which representative samples can be
compared,

TYPE
The soil TYPE, as used in the soil survey work in the United States and
in many other countries, indicates a soil which throughout the full extent of
its occurrence is relatively uniform in all its characteristics. It includes
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not only the uniformity of the
ture of the surface horizons.
is a combination of the series
the Hanford sand, Hanford silt

soil series but also equal uniformity
It is the soil UNIT. The name of the
name and the textural designation, as
loam, Delano clay, or the Gould sandy

in the texsoil type
for example,
loam.

Yifhile the soil TYPE in its ideal development assumes complete uniformity
in all characteristics and features, it shows the same degree of variations as
are discussed under series. The soil surveyor, in mapping the soil types, endeavors to maintain uniform standards and it is probable that several hundred
profiles of one soil type would show no greater variations than would several
hundred individual plants or animals of a single spocios or even of a variety.
In the following pages seventy-one soil series are described in detail,
while the individual types within these series are only mentioned. Type descriptions would entail endless repetition and in most classifications the series is
the basic category. The series have been arranged in families or suites of
related soils, with a discussion of their relationships and trends of development and with a full description of each of these series. The soils described,
while less than a third of tho series that have already been mapped within the
state, comprise those that arc of most importance from pedologic, agronomic, or
economic viewpoints, and also cover a very large areal extent, probably over
three-fourths of tho area that has been surveyed.
In the description of each series is included a statement regarding the
climatic conditions under which it usually occurs - the rainfall amounts and
seasonal distribution, general temperature, frosts, and growing season. The
"type of climate" is also given, following the classification of R, J. Russell
(Climates of California, university of California Publications in Geography
2:73-84, 1926) which is a modification and adaptation of the Koppen system,
Russell's symbols are: A - tropical climates, C - Mesothermal climates, D Microthermal climates, E - Tundra climates, B - Dry climates, W - Deserts,
S - Steppes; h - hot, k - cold, s - summer dry season, f - no dry season;
a - hot summers, b - cool summers, n - foggy periods. The names used by Russell
are also given, as "Heather" (Csb) or "Olive" (Csa). Each series description is
accompanied by a brief statement of its utilization, location, and extent.
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ORDER - Mineral
SUBORDER - Primary
CLASS - Pedalferio
DIVISION - Siallithous

SIALLITHOUS DIVISIOM
The siallithous soils are derived from parent materials of granitic
rock origin and contain many angular flragments of quartz that give them a characteristic "gritty" texture. None of the siallithous soils discovered in
California have maturely developed profiles and their family relationships are
not clear, consequently no faiuilies are designated in these descriptions. Soils
in several suites have been mapped, but only those from the granodiorites are
extensive, hence onlj'- one suite is described.

HOLIAMD SUITE
The two series in this suite that are described herein are formed by
the weathering of grsjiodiorites. In profile development the Holland soils seem
to be younger than the Sierra, but they occur side by side, in locations where
the time factor, as measured by years, must be essentially the same for each
series. The climate and cover are essentially identical and insofar as now
determined the parent rocks are likewise identical. The reason for their difference in stage of development is not known but is suspected to be due to minor
differences in the parent rock,
Holland Series
The Holland series are mineral primary pedalferic siallithous soils
derived from granitic rocks. They have been formed under Mesothermal "Sierran"
(Gsab), "Heather" (Csb) and "Olive" (Csa) climates with rainfall conditions
varying from a minimum of about 25 inches up to 60 or more inches, most of the
rain coming in the late fall and winter and in early spring. Over much of their
occurrence snow falls during the winter season, but ordinarily the ground is not
covered with snow except for brief periods. Frost is frequent during the winter
and occasionally the surface soils are frozen. The dry season is long and hot.
The soils are youthful to immature in stage of development and appear to be
weathering towards a lateritic character. They occupy a topography varying from
moderate to steep hills and the broad flanks of moimtain blocks. Many of the
slopes are gentle but the region is usually broken by deep canyons with bordering steep areas of rock outcrop. Throughout the entire area of the Holland
soils, rock outcrops are common. Usually the soil immediately adjacent to the
rock is deep, but occasionally there may be considerable areas of shallow soil
adjacent to the exposed rocks. The soils are fairly open and water is absorbed
readily. l/Vhen runoff occurs it causes considerable erosion from any cleared
and bare fields. Drainage is good. The native cover is pine and oak with some
grass and some brush.
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The surface soils to depths of 8 to 20 inches are light brown, usuallyvery gritty and highly micaceous. In the virgin condition the immediate surface is granular and to a depth of 4 inches or more is mixed with coarse organic
fragments. The lower part of the surface horizon is usually lumpy in structure
but is readily broken down to a granular tilth. The soils are friable, decidedly
porous, rather low in organic matter content, and moderately acid in reaction.
The subsoils are brown to reddish brown and somewhat heavier textured
than the surface, although occasionally a brown soil may extend nearly to bedrock and show less clay accumulation. They have no characteristic structural
forms but break to a granular or small lympy tilth. They are moderately acid
in reaction. The pH in a typical section was found to be 5,7 in the surface
and 6,3 in the subsoil. The deeper subsoil oontaijis more colloidal clay than
the upper horizons, a typical profile showing 5 to 6 per cent in the A horizon,
nearly 10 per cent in the B ] , and nearly 15 per cent In the B^ horizon. This
latter horizon, however, contained much coarse grit and fine rock fragments and
beneath it the soil mass graded into more and more disintegrated rock with less
fine soil material. The soil profile is very thoroughly penetrated by a large
number of insect and worm holes. In some places under timber cover most of the
soil mass appears to be made up of worm oasts and of fragments of soil that have
fallen into the holes with a very small portion that has been undisturbed by
this type of natural tillage. The extent of insect activity is greater in these
soils than in any others that have been studied. Insects have carried much
organic matter into the soil and in their burrowing have very thoroughly tilled
the surface horizons and caused much modification of the upper stibsoils. As a
result of this open porous condition, the soils absorb water very readily and
have a fair water-holding capacity. The Holland series are usually deep, disintegrated bedrock normally being more thaaa 4 feet below the surface with hard
bedrock usually deeper than 6 feet.
The larger portion of these soils are occupied by forests. Where
cleared, they are utilized for pasture and grain, the returns varying mainly
with the time and quantity of seasonal rainfall. Where irrigated they are utilized most extensively for stone fruits and alfalfa. Production is good. The
soils are typically developed in the Sierras with smaller areas occupying some
of the granitic portions of the Coast Ranges, Considerable areas occur in the
higher parts of the San Gabriel, Saja Bernardino and Sierra Madre mountains,
although in these latter regions some of the soils that were formerly mapped as
Holland have since been recognized to belong to the Vista series, and in the
newer maps (San Diego County) are thus shown. The total areas mapped to date
cover nearly 600,000 acres, of which 78 per cent are sandy loam. It is felt
that probably about 200,000 acres will be foxmd to correlate with the Vista
rather than with the Holland, These will lie mainly in the drier regions, the
Vista being a less weathered and less leached equivalent of the Holland series.
Sierra Series
The Sierra series are mineral primary pedalferic siallithous soils derived from granitic rocks. They have been formed under Mesothermal "Sierran"
(Csab) and "Heather" (Csb) climates with rainfall of from 30 to 60 or more
inches, frost coming during the winter and early spring. Snow is frequent in
winter and in some locations may remain on the groimd for some time. The summers
are dry and hot. The soils are semimature in development, having already formed
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a fairly heavy claypan. They are semilateritio in character, the silica
sesquioxide ratio usually being under 1.5. The soils occupy hilly to mountainous topography with many moderate slopes. Drainage is generally good. Native
cover is pine, with occasional oaks. There is some scattered grass and where
the forests are open scattered brush and herbs are common.
The surface soils to depths of 6 to 10 inches are light red to brownish
red, decidedly gritty, and highly micaceous. The upper horizon is usually
granular, very open and porous, and contains many fragments of xmdeoomposed
organic material. The lower portion of the surface horizon is a cinnamon red
color, gritty and micaceous, and breaks to a granular tilth.
The subsoil horizons are red, the upper portion to depths of 18 to 25
inches being brownish red or cinnamon red, of a gritty clay loam or clay texture
and indefinite structure but breaking to a lumpy tilth. The lower subsoil is a
deep red to a yellowish red, very gritty and micaceous clay, and breaks to lumps
and clods. The soil and subsoil are moderately acid, and give pH values between
5 and 6. They are very thoroughly penetrated by burrows of insects and worms
and in many cases the surface soils have been so completely tilled by these forms
of life as to destroy any evidence of the natural arrangement of the soil mass.
The heavier clayey subsoils have not been so thoroughly worked but are so completely penetrated by holes that the dobris that has fallen into them and sometimes fills these holes gives a somewhat blotched or mottled color to the face
of a freshly cut bank. Organic matter in the form of the fragments of leaves
has been carried deep into the soils by ants and other insects. As a result of
this porous condition the soil absorbs water very readily and surface rtmoff is
reduced. When, however, there is sufficient rain to give appreciable runoff,
erosion is very active, the grit and siaall rook fragments acting as abrasives to
out rivulets and gullies. The heavier nature of the subsoil increases the waterholding capacity, and supplies moisture for a longer period of dry season growth.
The Sierra series is the most nearly mature of the primary soils derived
from granitic rooks in California, Representative samples of the Sierra sandy
loam showed about 8 to 9 per cent colloidal clay in horizons ki and Ag and 24
to 30 per cent of colloidal clay in horizons B^ and Bg» The subsoils become increasingly filled with grit and rock fragments and gradually grade into a reddish
broken disintegrated bedrock. Occasionally the hard bedrock will be encountered
within 6 feet of the surface but ordinarily the disintegrated rock blankets the
granite to depths of several feet. Outcrops of rook are frequent but ordinarily
the soil imiaediately adjacent to an outcrop will be 6 feet or more in depth.
The soils are mainly occupied by forests and produce some of the best
stands of sugar pine and yellow pine in the state of California, T/ïhere cleared
they are utilized for pasture and dry-farmed grain, although the returns are
rather low. Under irrigation they give good yields of stone fruits, grapes,
vegetables, and some field crops. With the related Holland series they have
been used extensively in the Sierra foothills for the produation of peaches,
plums, and other stone fruits. The soils are most extensively developed in
the Sierras, with some sinall scattered areas in the Coast Ranges and large areas
in the granitic mountain blocks of southern California. In the latter section
a considerable portion of the soils mapped as Sierra are less leached and less
acid and should probably be correlated with the Fallbrook series. Over 300,000
acres have been mapped but probably 75,000 to 100,000 should have been correlated
as the Fallbrook. About 72 per cent of the total area is made up of the sandy
loam type.
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SIMALITHOITS DIVISION
The simalithous soils are composed of material derived from igneous and
metamorphosed igneous rooks low in quart»» usually referred to as basic igneous
rooks. Usually they are very fine grained with exceedingly small crystals and
range from massive basalts and andesites to obsidian and soft deposits of scorias
and pumices. Only the Aiken series has been described herein» although a nvnnber
of other series have been discovered. No family relationships have been noted,
the several series apparently being of about the same stage of development and
differing mainly because of differences in the parent material.
Aiken Ser3,es
^i\ U'liiiif
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T^ö Aiten series is composed of mineral prims^ry pedalferic sinnE^li'fehws
soils that are weathering towards a lateritic character. They are derived |Vom
basic igenous rooks and in most cases from andesites or from basaltic lavas.
They are formed under Mesothermal "Sierran" (Csab) and "Heather" (Csb) climates
with rainfall of from 30 to 60 inches or more. The winters are cold and wet,
with some snow and much frost» while the suramers are dry and hot. The coarse
structure of the surface soils under the native forest cover makes absorption
exceptionally good and the rain water penetrates through the entire soil mftss
and into the broken bedrock. The heavy ;|.eaohing that results is pcvrtly countersacted by the long period o^ swrroer drought ^hen the 8oi;|.s are entirely dried out
and also by the return of bases through the decay o:f the organic debriSt The
soils are in a semimature state of development yfith colloidal clay definitely
migrating downward through the profile. The soils are well drained^ both with
reference to surface runoff and subdrainage. They occupy hilly topography» varying from moderate to steep slopes with niany rock outcrops. The surface is Qui^e
irregular and wherever cleared of cover is subject tp considerable erosion, Jhe
native cover is forest, usually of mixed conifers, l^!he stand is not dense f but
is fairly complete. In some places, vfhere th@ summer drought is more prolongedj,
the conifers are replaced by an irregular bmsh oover^ This condition is rather
rare on Aiken, but is frequent on the related "Alburn'' series.
The surface soils to depths of from 4 to 10 inches are of a brownish red
to reddish brown color| generally granular and of a soft consistence. In texture they range from loams to qlay loam^, The subsoils are of a deep red color|
with a lighter red or more yellowish red in the deeper horizons. They break to
irregular lumps and clods of firm to someyfhat soft consistence with the outside
of the clods more or less poated with a re4 to brownish red mineral and organio
colloid.
The surface soil ig highly porous with very many worm and insect holes
in addition to the natural pores between the particles» iröiile the subsoils show
many burrows of worms and insepts but with structural pores that are much smallef
and less in evidence. The profile is slightly apid throughout, the pH ranging
from 6,0 to 7.0 in the surface and from 6,5 to 7,0 in the subsoil horizons. The
subsoil horizons show a colloidal play content that is usually twice that of the
surface soils. Both soils and subsoil become plastic when wet, but are not noticeably sticky, the clays being cohesive rather than adhesive in character.
Massive bedrock is usually encountered ydthin 6 or 8 iteet of the surface. Broken
rock occupies much of the subsoil horizon above the bedrock, and very ofben is
encountered at depths of 3 feet or less^ Roots penetrate through tho fractures
of the rock» which are usually filled with clay, and root penetration oJMion exf
tends much deeper than is indicated by the actual depth of the soil mass.
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The soils absorb water readily and have a fairly high water-holding
capacity, l'ïhere eroded the surface soil may have been removed and the subsoil
horizons exposed. These are areas of very red clay that take water less readily
than does the normal soil surface and in consequence are subject to greater
washing and more severe orosion. The wilting point is abnormally high and the
available moisture in these exposed subsoil horizons is very much lower than tho
usual water-holding capacity of soils of similar texture would indicate.
Under dry fanning conditions these soils are utilized for grain and for
pasture» In regions where the soil is especially deep and where the wet season
rainfall is high, some dry-farmed fruit is produced. With irrigation, fruit is
the leading crop, with pears and plums most extensively planted. Apples, peaches,
prunes, and other fruit are grown to a less extent. Potatoes and some other
field and vegetable crops are grown under irrigation. The irregular sloping
topography makes difficult the uniform distribution of irrigation water, and
contour planting and contour irrigation have proved tho most effective methods.
The soils are most extensively developed throughout the northern Sierras. Considerable areas are found in the Coast Ranges, particularly in Napa and Lake
counties, with smaller areas scattered throughout tho Coast Ranges as far south
as Santa Barbara. The most extensive development of these soils occurs in the
state of Oregon. Nearly 600,000 acres of the Aiken series have been mapped in
California. (About 250,000 acres arc true Aiken, the balance being of the
"Auburn" character.) About 50 per cent are clay loam and about 30 per cent are
mapped as loam.

ARENALITHOÏÏS DIVISION
The soils included in this division arc derived not only from the weathering of sandstones but also from shales and perhaps these latter should be termed
argillolithous. The soils vary decidedly in character reflecting the condition
and composition of the parent rock material. A large number of soils have been
recognized, but only three, the Hugo, Los Osos, and Cayucos are herein described.
None of these soils show definite family relationships, but seem to reflect the
influences of differences in parent material and tho effects of varying amounts
of rainfall,
Hugo Series
The Hugo series are mineral primary pedalferic arenalithous soils
derived from sandstones and shales, formed under Mesothermal "Heather" (Csb)
climates with some t\venty-five to forty inches of rainfall, coming in the fall,
winter, and spring. The winters are mild, with very rare snow. Frost occurs
frequently during the three months of winter but the ground is rarely frozen.
The summers are hot and dry. The soils are weathering to a clajrpan. condition,
probably of the "gray-brown podzolic" character. They are semimature in development, with considerable accvimulation of colloidal clay in the subsoil. They
occupy rolling to hilly topography with normally steep slopes. Runoff is rapid,
while subdrainage is fair to good. They normally bear a fairly complete cover
of oaks, with grass as a groimd cover but where the soil is shallow, brush is the
native vegetation, the stand usually being dense and the cover complete.
The surface soils to depths of from four to seven inches are dull grayish brown to light brown color, usually without structural forms except the
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immediate surface, which is granular. They break to rather hard lumps but can
be worked to a good tilth without difficulty. The subsoils are a dull grayish
brown to yellowish brown in color without characteristic forms but breaking to
hard lumps and clods. T/lihen wet they are plastic and sticky. The natural pores
of the soil are small and the lumps are rather dense, but the surface horizons
are very thoroughly penetrated by worm and insect holes many of which extend into
the subsoil. The surface soils are acid in reaction with increasing acidity in
the subsoil. Profiles showed pH of from 5,4 to 6,4 in the surface horizons and
4.8 to 6,4 in the subsoils. The colloidal clay content of a representative profile was eight per cent in the surface horizons and made up forty per cent of
the total clay while the twenty-five per cent of the colloidal clay in the subsoil horizons constituted about sixty-four per cent of the total clay, an indication of the extent to which the colloid had migrated dovmward. Bedrock is
encountered at from two to four feet below the surface and the subsoils frequently contain fragments of rock. The bedrock is usually cracked and broken
and roots extend well downward into these soil-filled crevices giving a greater
effective depth than is indicated by the soil itself. Under natural conditions
soil is quite receptive of vrnter and the clay content gives it a fairly high
water-holding capacity. Under cultivation the soil has a tendency to run together and surface runoff is much more active. Erosion is severe on the steep
slopes, cutting nximerous small gullies.
The soil is generally utilized for pasture, with occasional fields of
dry-farmed grain, the yields depending largely on the time and quantity of winter
rains. They are found throughout the northern and central Coast Ranges and in
the Klamath and Siskiyou mountain ranges. About thirty thousand acres of the
Hugo soils mostly loam and clay loam have been mapped, but they are much more
extensive than this would indicate. The soils were first named in Josephine
County, Oregon, and are probably more extensive in the southern part of that
state than in California,
Los Osos Series
The Los Osos Series are mineral primary pedalferic arenalithous soils
derived from sandstone and shale rocks, formed under Mesothermal "Heather" (Csb)
climates with precipitation of from 20 to 30 inches, spread through the late
fall, winter, and spring months. Winters are mild, with no snow and with light
frosts, the ground being rarely if ever frozen. The sicnmers are warm smd dry
but the summer temperatures are usually modified by occasional to frequent fogs
that reduce transpiration and as a result the climatic effects are those of a
region of higher rainfall. The profiles are immature, approaching semimature in
age having developed a moderate claypan and are probably weathering towards the
"brownerth" condition. They occupy hilly topography with steep slopes and occasionally are found on the flanks of massive mountain blocks. Surface runoff
is good, while subdrainage is fair. The native cover is open woods or grass
with scattered trees and clumps of brush. Tfliere the soils are shallow or where
there are sharp breaks in topography a fairly complete brush cover is common.
The surface soils to depths of 8 to 10 inches are dark brown to a dull
grayish broim color usually of indefinite structure but breaking to small lumps
of medium consistence. Y>Ihere tilled they run together and pack to a rather
crusted surface. They are acid in reaction, the pH ranging between 5 and 6.
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The subsoils to depths of 30 to 40 inches are dark brovm, brovm., or reddish broTOi in color, compact, and with a characteristic irregularly prismatic or
semicolumnar structure. The outside of the colvminar units and other structural
aggregates are usually covered with a reddish brown stain of clay and organic
colloid, while the interior is usually of much lighter color. The subsoils are
quite acid, showing pH between 4 and 6, The natural structural pores are small
and in addition to the rather niAmerous cracks through both the soil and subsoils,
there are worm and insect holes which are quite numerous in the surface soils
but fewer in the subsoil horizons. The cracks and holes make water absorption
fairly rapid except where these structural features are destroyed by tilling.
Water-holding capacity is high. The downward migration of clay from the surface
soils into the subsoils is shown by the relation of colloidal clay to total clay,
the colloidal fraction constituting 40 or 50 per cent of the total clay in the
surface soils and from 70 to 75 per cent of the clay in the subsoils. Bedrock
is usually encountered at 3 to 4 feet below the surface. The lower subsoils
usually contain many fragments of rook but the contact between the soil and the
rook is rather abrupt.
The soils produce a very good stajïd of grass and wild oats and are utilized for pasturing dairy and beef cattle. Plowed fields are used for dry-farmed
grain, usually oats or barley cut for hay. Beans, occasionally beets, and some
other field crops are grown. The soils are found throughout the central and
northern Coast Ranges, They are quite similar to the Altamont in many respects
but have been much more thoroughly leached and are developed under conditions of
higher rainfall. In the earlier maps and particularly the Reoonnoissanoe maps
these soils were included with the Altamont, Less than 100,000 acres have been
mapped to date, but the soils are much more extensive than this would indicate.
They constitute the ma.jor soil of the seaward slopes of the Coast Ranges.
Cayucos Series
The Cayucos series are mineral primary pedalferic arenalithous soils
derived from shales and sandstones. They are formed under Mesothermal "Heather"
(Csb) climates with a rainfall of from 20 to 40 inches in regions of considerable fog and fairly high sximmer hiAmidity, They are sem.imature in age and are
developing to a moderate claypan profile. The soils occupy steeply rolling to
hilly and occasionally mountainous topography. Runoff is rapid and subdrainage
fair. The native cover is mainly a dense and heavy stand of grass with many
scattered oak trees and some areas of brush chaparral.
The surface soils to depths of nine to fourteen inches are dark gray to
black in color, usually of heavy texture. The upper portions dry to lumps and
small clods but show no definite stiniotural arrangement. They readily work into
good tilth. The heavy adobe clays when dry crack to the characteristic blocks
which in turn break to small hard clods. The subsoils to depths of three to four
feet are dark gray with some grayish drab mottling due to included fragments of
soft decomposed rock. They show no definite structure but dry to irregular clods.
Both soil and subsoil contain many xvorm axid insect holes. The surface soils have
a fairly large content of organic matter and there are appreciable amovints in the
subsoil. The entire profile is moderately acid in reaction, with pE from 5,4 to
6,2 in the surface soils and about 6.4 in the subsoils. The substratum consists
of sandstone and shale rocks, more or less broken and decomposed.

j*fM' htiff

n%B

,

^q'm
•%im^ •fiiJrm p-

19.
The soils have a high water absorbing and water-holding capacity.
Normally they do not erode badly but if left without cover the steeper slopes
erode both in gullies and sheet or rill erosion. These soils afford excellent
pasturage. Grass and wild oats grow knee high or deeper and the plants remain
green fairly late in the dry season. Miere tilled» good crops of grain hay are
obtained, barley and oats being usually grown. Beans are produced in limited
areas with good yields. These soils typically are suited to dairying and beef
cattle production and in the region where they occur most extensively are utilized for these purposes, the most extensive types are the clay loam and the
adobe clay. They have been mapped on the coastward side of the Coast Ranges
from San Luis Obispo north, and are the noncalcareous counterpart of the Diablo
series of black soils which is extensively developed on the inner portions of
the Coast Ranges. About 50,000 acres have been mapped to date with much more
extensive areas remaining in the imsurveyed portions of the Coast Ranges.

20.
ORDER - Mineral
SUBORDER - Primary
CLASS - Pedocalio

Fedocalia soils are foraied where the rainfall is limited or where the
annual dry seasons are long and hot. Under such cirexamstsmces there may not be
sufficient moisture to leach through the soil and remove the readily soluble
bases, and instead these accumulate in the subsoil horizons. The resulting soils
usually show an accumulation of calcium carbonate in the subsoil. Included with
the true pedocals (with lime accuimilations) are soils of intermediate character,
usually about neutral in reaction and with a clay complex saturated with bases,
that appear to be weathering toward true pedocals, and which have been designated "noncalcareous pedocals."

SIALLITHOUS DIVISION
These siallithous soils are weathered from rocks of granitic character
and all that have been discovered are noncalcareous pedocals. The Vista and
Fallbrook, which are here described, grade toward the more leached Holland and
Sierra series that were described with the pedalferic soils and the dividing
line is difficult to determine. Pending the recognition of distinctive morphological features or the development of more precise field tests, the separations will have to be based on the pH field determinations supplanted by
laboratory analyses. The vegetative cover is usually a very helpful indicator
of the soil character and of the effectiveness of the precipitation.
Vista Series
The Vista series are mineral primary noncalcareous pedocalic siallithous
soils weathered from granites under semi-arid conditions. They are formed under
Mesothermal "Olive" (Csa) and Maorothermal "Steppe" (BSh) climates. The winters
are warm and relatively free from frost with rainfall from 12 to 20 inches, while
the summers are hot and dry but tempered somewhat by high haze and occasional
summer fog. The profiles are youthful to immature in development. The topography is rolling to hilly with many areas of moderate slopes. Runoff occurs
only during heavy rains but at such times very severe erosion may occur, both
by stripping away the surface and also by cutting deep gullies. Drainage is
normally good. Native cover is scattered brush and sparse grass, with occasional
trees.
The surface soils to depths of 12 to 15 inches are dull brown, single
grained to granular in structure, loose and porous, with very many root, worm,
and insect holes. The reaction is neutral to slightly acid. The upper subsoil
to depths of from 15 to 25 Inches is brown to dull brown, slightly compact without definite structural arrangement but breaking to soft lumps and clods. It
is very porous with a ver^r large number of worm and insect holes. Reaction is
neutral. The deeper subsoil is reddish brown to grayish brown, very gritty,
with many small angular rock fragments. It is without structural arrangement
and appears to be rather compact and hard, but this is due to the interlocking
of the angular particles rather than to any degree of cementation of clays. It
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is porous with many worm and insect holes and is neutral in reaction. A representative profile showed pH from 6.8 to 7.0 throughout the full depth. At
depths of from 3 to 6 feet the subsoil grades to disintegrated granite, the
upper part of the rock being loose and much like the subsoil except for the
lower content of fine material. Occasionally hard masses of granite outcrop.
The soil absorbs water readily but has a low water-holding capacity.
It is utilized for pasture and occasionally some areas are ploughed for grain,
TOien irrigated, citrus fruits, grapes, avocados, olives, vegetables and flowers
are grown. The soil is very easily worked but under irrigation must be carefully handled to prevent the irrigation furrows eroding to form small gullies.
The series has been mapped only in San Diego County, where over 50,000 acres
have been found. It was formerly included with the Holland series but has been
separated from the Holland on the basis of profile differences. The most important differences are due to the degree of leaching and the reaction of the
soil, the Holland being distinctly more acid and pedalferio in character, while
the Vista is considered to be a noncalcaroous pedocal» Probably much of the
soil mapped as Holland in Riverside, Orange, and Los Angeles ooxinties should
be correlated m t h Yista, and many of the granitic soils of the lower and drier
parts of the Sierras in Tulare and Kern counties may also belong in this series,
Fallbrook Series
The Fallbrook series are mineral primary noncalcareous pedocalic
siallithous soils derived from granites. They are formed under Mesothennal
"Olive" (Csa) and lïacrothermal "Steppe" (BSh) climates receiving 12 to 20 inches
of rainfall during the warm winters, with hot dry summers that are tempered to
some extent by occasional high fogs and a high haze that reduces evaporation and
transpiration. The soils have semmature profiles with a well developed clay
accumulation in the subsoils. They occupy rolling to hilly topography with moderate to steep slopes. Runoff is rapid during times of heavy rain with severe
erosion resulting. Drainage through the soil mass is fair, being somewhat retarded by the heavy clay subsoil and the nearness of bedrock. The native cover
is brush, usually with a rather dense stand. There are occasional small trees
and some grasses.
The surface soils to depths of from 6 to 10 inches are dull reddish
brown in color, with considerable amounts of angular grit and a high content of
mica. There is no structural arrangement but the soil breaks to fine lumps and
coarse granules. The iiraaediate surface tends to dry to a rather hard consistence after wetting, and this does not naturally break down, though under cultivation the crust breaks readily to a good granular tilth. The soil mass is
naturally porous, and is thoroughly penetrated by numerous root, worm, and
insect holes. The reaction is neutral to slightly acid. The upper subsoil is
usually from 4 to 8 inches in thickness and is brownish red, firm, decidedly
gritty and without structural arraiigement, It breaks to lumps and small clods.
It is naturally quite porous and in addition is penetrated by the numerous worm
and insect holes. The colloidal clay content is much higheT than in the surface
and when wet the soils are distinctly plastic in spite of their very sandy and
gritty character. When dried the lumps are quite hard. The deeper subsoil is
a dull brownish red to red color and tends to crack into rather regular blocks
which on disturbance break to irregular clods. Ihen wet this horizon is decidedly
plastic in spite of the quantity of grit and small rock fragments, TlVhen dired it
is very hard. The presence of the grit throughout the soil mass causes it to
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interlock making it difficiilt to dig through and it often appears to be somewhat cemented but actually the degree of compaction is due to mechanical interlocking of the grains rather than to any cementation. The subsoils are neutral
to slightly alkaline in reaction. The worm and insect holes extend into the
subsoil and frequently through it to the underlying zone of disintegrated bedrock which is usually found at depths of from 3 to 4 feet. A representative
profile showed pH from 6,6 in the surface to 6.8 in the subsoils.
The soils absorb water readily and have a fair water-holding capacity,
particularly in the subsoil horizon. Without irrigation they are of little use,
although where the brush is cleared off thoy afford some pasture and occasionally
are plowed for grain. Under irrigation they have proved quite productive and
are utilized for citrus fruits, avocados and grapes, while vegetables also are
extensively grown. The soils have been mapped only in San Diego Coxmty where
they occupy an area of over 50,000 acres. They were formerly mapped with the
Sierra series but have been separated from the Sierra on the basis of the lesser
degree of leaching and the higher pH as well as on other profile differences.
It is probable that much of the soil mapped as Sierra in Orange, Riverside, and
Los Angeles counties is actually Fallbrook and on re-mapping would probably be
so correlated. In addition there are extensive areas of Fallbrook soils in the
Sierran portion of Kern and Tulare counties.

AREHALITHOUS DIYISION
These arenalithous soils are derived from a mixture of sandstones and
shales, the two types of sedimentary rooks being very irregularly interstratified. In some cases the soils may come primarily from sandstones, while in
other cases they are mainly from shales. The series profiles under the conditions of low rainfall develop characteristically and the difference in texture
of the rocks is usually reflected by differences in the texture of the soils
weathered therefrom. A large number of soils have been discovered, but only
three, the Altamont, Diablo, and Kettleman, are herein described. As in the
case of other primary soils, the family relationships are not obvious and the
families are not indicated.
Altamont Series
The Altamont series are mineral primary pedocalic arenalithous soilg
derived from sandstones and shales that usually are more or less calcareous. The
soils are semimature, developing a dense clayey subsoil with strong accumulations of lime and it is probable that when weathered to full maturity the subsoil will be highly calcareous. They are usually formed in regions having Mesothermal "Heather" (Csb) and "Olive" (Csa) climates receiving usually less than
20 inches of rain during the cool winter, with dry hot suram.Grs. Vegetation
grows vigorously during the latter part of the wet season, using much of the soil
moisture, and reducing the leaching effect of the limited rainfall. The soils
occupy hilly to semi-moimtainous uplands, usually moderately to stoeply sloping
with many rough breaks in topography and frequent rock outcrops. Runoff occurs
only during heavy rains, but is then rapid and tilled fields may be severely
eroded. Subdrainage is normally good, but soiue seepage areas occur in places
where the soils are wetted by intermittent springs. The soils in these spots
are not typical of the Altamont, but they occur very frequently throughout the
entire area of Altamont soils and in most oases the wet spots are too small to
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be separated and sho-wn on the maps. In some sections where the bedrock is
stratified m t h marked differences in the density of the rock, seepage areas
may be the cause of landslips. These may be of limited occurrence, but in some
cases may involve considerable portions of the hillside. The native cover is
grass with scattered oaks and patches of brush characteristic of the landscape.
The surface soils to depths of 6 to 10 inches are bromi to light brown
in color with a range to dark brown where not much affected by erosion. They
break to lumpy and cloddy structure when tilled, but when ^Jndisturbed show no
particular structural arrangement with the shrinkage cracks outlining irregular
clods. The soils are fairly porous and in addition to the natural structural
pores, have a very large nxanber of insect and worm holes. They are low in organic matter and of a neutral to slightly acid reaction. The depth of the
surface horizons varies considerably, depending upon the extent of erosion.
The subsoils vary considerably in color from brown to light broiivn to
yellowish or grayish brovm. They are without definite structural arrangement
but break to coarse clods that are hard and compact. The structural pores are
small but the clods are perforated by many insect and worm holes and in some
cases the worm casts are numerous enough to give a local granular structure.
The subsoil is usually calcareous throughout with large quantities of lime in
the deeper portions, thoroughly disseminated through the soil and also segregated in small irregular masses. At depths of from 2 to 4 feet thoy rest on
bedrock, usually broken to a greater or lessor degree with the cracks filled
with soil. Roots penetrate these cracks to some extent, but not very deeply.
The soils are most generally used for range pasture. In the Altamont
Pass region some considerable areas are used for wheat and barley, the crops being cut for hay rather thsin for grain. Some small areas are utilized for fruit,
usually without irrigation. Production is low and the results are economically
rather unsatisfactory. The soils are not suitable to intensive development,
and are best utilized for pasture. The severe erosion that occurs whenever the
soils are left through a rainy season without vegetative cover makes fall plowing undesirable, yet if these soils are to utilized for grain they must be
plowed in the fall. The soils take water readily but the penetration into the
subsoil is slow and -w^en the surface soils become wetted runoff produces severe
erosion. The soils occur extensively throughout the Mt. Diablo Range and on
the interior valley side of the Sierra Madres and in the mountains along the
coast from Santa Barbara south. The textures range from sandy loam to clay
adobes, but loams and clay loams are predominant. Over 1,700,000 acres have
been mapped, much of it on the Reconnoissance scale. A considerable portion of
these areas consists of soil that has been more heavily leached than the true
Altamont, and does not have any liiae in the subsoil. In later surveys these
leached soils have been separated out as the Hugo and Los Osos series. It is
probable that the true Altamont with the calcareous subsoil covers about
1,000,000 acres and that the related soils that have been leached of any lime
content would cover the balance or about 700,000 acres. Large areas of the Coast
Range country have not boon mapped, aad TA*ien this is completed the total area of
Altamont soils will be very materially increased. It will probably be found to
be one of the most extensive series in California.
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Diablo Series
The Diablo series are mineral primary pedocalic arenalithous soils
derived from calcareous shales and sandstones, usually formed under Mesothermal
"Heather" (Csa) climate receiving from 15 to 25 inches of rainfall, during the
winter and early spring. The summers are dry and hot, but the clouds and occasional fogs modify to some extent the intensity of transpiration and evaporation.
The profiles are semimature in development, having rather heavy clay subsoils
with a high content of lime. They have some characteristics of rendzinas but
there is a definite acctimulation of lime in the subsoil, higher than that in the
parent material, which would indicate a "desert" type of weathering rather than
that of the rendzinas. They occupy hilly to mountainous topography with rather
steep slopes. Subdrainage is generally good, with some areas of restricted
drainage. Runoff is rapid whenever rainfall is sufficiently intense to fill
or puddle the surface soil, ivhile erosion is in evidence but usually is not
severe. The natural cover is grass with scattered oaks. Trees of various sorts
occupy the small ravines and brush usually occupies the steep slopes along drainage ways.
The surface soils to depths of 8 to 15 inches are dark gray to black,
generally heavy textured vdth the clays by far the most extensive. Characteristically the soils tend to develop an adobe structure, breaking into large,
rather regular blocks which later in the season show many secondary cracks that
break the mass into sma.ll hard lumps and coarse angular granules. When plowed
the soils may turn over in a cloddy condition, but if these are wetted by rains
secondary cracking usually breaks the clods to small fragments and subsequent
harrowing develops a good condition of tilth. When wet they are decidedly
sticky. The clods and lumps have relatively small pores and are rather dense,
but the very numerous cracks and the holes of worms and insects make the soil
mass open and rather porous. The organic content is fairly high. The soils
are neutral to slightly alkaline in reaction.
The upper subsoil varies from 2 to 10 inches in thiclaiess and is usually
a dark gray clay, rather dense except for the cracks and the worm, or insect holes,
Wlien wet it is very sticky while when dry the fragments are decidedly hard. Secondary cracking as the soil dries out oï'oaks this horizon to Itimps and clods.
Lime is present in a thoroughly disseminated conditions. The deeper subsoil is
usually gray or brownish gray, is fairly dense, plastic and sticlcy when wet,
cracking to hard clods when dry. It is highly calcareous with the lime throughout the soil mass and also concentrated as irregular accumulations. The subsoil
horizons usually contain fragments of bedrock these being more numerous in the
deeper subsoil and increasing in quantity until the firm bedrock is encountered,
usually at depths of 5 to 4 feet.
The soils absorb water readily, the absorption being accelerated by the
large and very numerous cracks. The water-holding capacity is high and the soil
has considerable available water to carry plants through dry seasons. It is used
most erbensively for pasture with considerable acreage devoted to dry-farmed
grain. Beans are grown extensively in the south coast region an.d occasionally
some fruit trees have been planted on these soils. The Diablo is recognized as
a series of very good grass and grain soils but with liraited adaptability to
other crops. Its position on steep topography makes irrigation practically impossible. The Diablo series are found throughout the drier portions of the Coast
Ranges, usually on the inner or valley slopes. The soils are extensively
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developed on the Mount Diablo Range and on the sedimentary rock portions of
the mountains of southern California, About 580,000 acres have been mapped to
date, but this probably is considerably less than one-half of the total area
of the series within the state.
Kettleman Series
The Kettleman series are mineral primary pedocalic arenalithous soils
derived from shales and sandstones, formed under quite arid Maorothermal
"Steppe" (BSk) climates with summers hot and very dry, while the winters are
mild and moist with 7 to 12 inches of precipitation falling during the intermittent rainy periods. The soils occupy hilly to mountainous topography with
many moderately sloping areas. Surface runoff is rare, but if runoff does occur
erosion is severe. Drainage conditions are good» The native cover is sparse
grass and herbs with occasional shrubs.
The surface soils to depths of 4 to 12 inches are gray to light brownish gray, friable, indefinite in stinjcture but breaking to a soft granular and
fine lump tilth. They are penetrated by very nvunerous insect burrows. The
soils are calcareous with tlae lime disseminated through the mass. The subsoils
are grayish brown to gray, usually heavier textured than the surface and showing a definite clay accumulation, the colloidal clay content being much higher
than in the surface horizons, but itis effect is masked by the very high lime
content, the lime being both disseminated through the soil mass and segregated
in soft gray accretions. Bedrock is encountered at shallow depths, usually between 1 and 4 feet. The subsoils contain many fragments of bedrock and on the
surfacre of the steeper slopes stones are common.
The soil absorbs and holds water well, but because of the shallow depth
of soil and very dry climate dry farming is precarious if not impossible and
the soils are utilized almost exclusively for pasture. They not only lack soil
moisture for plants but in many localities there is little or no water available
for animals, thus making the region relativel5r low in value even for pasturage.
These soils are related to the Altamont series and are formed from the same kind
of parent material weathered under much more arid conditions. 1/llhere the Altamont is calcareous in the subsoil only the Kettleman soils are highly calcareous
in both surface and subsoil. In places where higher elevations on the same
moimtain may receive heavier rainfall areas of Altamont are found with Kettleman
soils occupying the mountain slopes. They are also related to the Shedd and Linne
series, differing mainly in color, organic matter content and in depth. Nearly
400,000 acres of Kettleman soils have been mapped, and probably considerably more
exist in areas that have not as yet been studied. It is found in the Coast Ranges
south of Mount Diablo, The most extensive areas occur on the mountains in western Kern and eastern San Luis Obispo counties.
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ORDER - Organic
The Organic order includes those soils in which the content of organic
matter is sufficient to be a domiiaant characteristic, Wo definite content has
been established as a line between the mineral and organic soils, as the character and degree of decomposition of the orgsinic remains is often as influential
as is the actual amount. Usually any soil having over 20 per cent of organic
matter is included in the organic soils.

Class - Eutropio
The organic soils in California are all highly organic and are usually
referred to as peats. They are noncalcareous and usually acid in reaction, but
are not deficient in bases. If all soils must be classed as pedalferic or pedocalio these soils would be pedalfers. If the classification of Daolinowski-Stokes
(Handbuoh der Moorlainde Band VII, Berlin, 1933) is followed they would be
Eutropic (i.e., with abundant nutrientsj fertile). This designation is herein
used and understood to mean an organic soil that although noncalcareous and moderately acid in reaction is not deficient in the mineral nutrient elements.

DIVISIOH - Peats
SUITE - Tule-reed
Organic soils, as classified in the soil surveys made in the United
States, have been placed in the Peat or Muck divisions based on the amoimt of
organic matter and its degree of decomposition. All the organic soils of California fall in the Peats, although further surveys may discover some Mucks,
Suite - All the organic soils of California appear to be derived from
one type of vetegation - roeds, with some admixture of sedges and rushes. The
reeds are nearly all the tule (Scirpus lacustris) and the Suite has been so
designated. Family relationships have not been completely worked out but five
series have been provisionally recognized as constituting a sequence in profile
development. The recent or initial stage in development is the Venice series,
the youthful stage is the Staten series, and the immature stage is the Egbert,
The Rough-and-Ready and Roberts series are described as semimature and mature
although their inclusion in this family is open to some question. As the survey
in which these series were described has not been correlated and the series are
not yet officially recognized, they are not described herein, but instead a general description of "Peat soil" is given.
Peat Soils
The Peats are organic primary soils formed from accumulated plant
residues derived from partially decayed rushes, reeds, and sedges, and other
swamp and marsh vegetation. They occupy level areas with a natural vra,ter table
practically at the surface. All the Peat soils in California have recent profiles and are in process of active development except where this has been arrested by reclamation. In the native condition the peat material is very coarsely
fibrous in the upper layers which are filled with growing rootstocks and roots
and partially decayed stems of the tule (Scirpus lacustris) together with fragments of roots of some sedges.
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Ihere reclaimed, drained, and cultivated the surface soil is dark
broTOi, 'becoming decidedly black when wet but bleaching to a dark grayish color
when thoroughly dried. In the process of reclamation the surface is usually
burned over and the mixture of ash adds to the grayish color of the surface
horizon. The coarsest and roughest peat material is destroyed by the burning
and in a very short time the plowed surface usually develops into a fibrous
mellow and rather incoherent mass. This usually continues to the depth to
which plowing is done. The peat material is usually acid in reaction, with pH
from 4.0 to 5.0, although where much burning has occurred the pH may be above
7»0. In places accumulations of soluble salts (usually sodium chloride) in
the surface cause "alkali" spots in the fields. These are usually neutral to
slightly basic in reaction.
The subsoils vary somewhat in character. In places the immediate subsoil below the plowed zone is not well decayed but is decidedly fibrous with
readily distinguishable stalks and rootstocks more or less flattened and decayed
to a tough yellowish condition. ïüien exposed by deeper plovj-ing this layer is
locally termed "buckskin." The more typical subsoil is black or very dark
brown, more or less fibrous, and rather well decayed. This condition may continue to depths of several feet or there may be some pseudo-stratification, the
tough, more fibrous and buckskin layers alternating with the darker more fully
decayed layers. The reaction is usually quite acid with pH from 4,5 to 6.0.
The depth of organic material varies through wide extremes. In the large body
of peat which lies in the delta of the Sacramento-San Joaquin rivers extensive
areas show depths of from 4 to 7 feet, while over considerable areas the organic
accumulation exceed 20 feet in depth. Depths of from 10 to 20 feet are most
common and most of the organic material is very thoroughly decayed and the
deeper layers may be so filled with water as to be decidedly fluid. In Modoc,
Siskiyou, Shasta and Lassen counties the peat accvimulations are all relatively
shallow, rarely exceeding 6 feet and usually not more than 4 feet in depth.
The peats in Orange, Los Angeles, and Santa Barbara counties are likewise relatively shallow, rarely exceeding 6 feet.
Reclamation of the peats involves the building of levees to protect the
land from flood or tidal waters with ditches, canals, and pumping plants to
drain the water from within the levees and lift it into the sloughways. The
Delta peats and some of the coastal deposits lie at or below sea level, involving pumping for all of the water removal. In those regions where the peat is
deep the problem of reclamation is made more difficult by the unsubstantial condition of the levee base. Usually the levees follow the old natural drainage
channels and these have a base of mineral sediment that usually is quite wide
and with a low gradient of its upper surface. The levees usually rest on the
slopes of these submerged ridges and where the mineral material is soft clay
the levees may sink or slip. The levee material is usually peaty in character
and does not form a very tight or waterproof mass, "Wherever possible the sediment from the stream channel is dredged to serve as the major portion of the
levee and particularly for the core.
After reclamation the peat lands settle or subside steadily and persistently due in part to the removal of water and to the compaction of the
organic matter that makes up the soil mass, and also in part to the actual
destruction of the peat by burning or by the normal process of oxidation.
Studies in the San Joaquin Valley show that the rate of subsidence of the peat
is rapid for the first few years after reclamation but later it is slower. The
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average subsidence on the Lower Jones tract during the 30 years from 1902 to
1932 was about 1,2 inches per year, the tract now averaging 7 feet below sealevel. This subsidence makes maintenance of drainage and all the drainage
structures more difficult. Canals must be excavated to lower depths and the
drainage water must be lifted higher over the levees. The hydrostatic pressure
between the water level on the outside and inside of the levee becomes greater,
causes more seepage and presents a greater danger of leakage through or under
the levees. The surface of the peat lands becomes quite dry during the harvest
season and is liable to damage or injury by fire. Peat fires are difficult to
extinguish except by raising the water level and this, if the reclaimed area is
large and in varied crops, may cause injury to the growing crops on other portions of the tract.
The peat soils of California are very productive and differ from the
peats in the humid sections of the country in having considerable potash and
available calciian. While the peats normally have acid reactions they are not
deficient in bases as the rule, the parent material, contains considerable calcium and potash which serves as a source of these materials for the soil. The
soils are utilized for potatoes, onions, asparagus, maize, spinach, sugar beets,
beans, grains, and other crops. Yields are generally high, normal yields of
potatoes exceeding 200 bushels to the acre and well managed and heavily fertilized fields have produced 600 bushels per acre over areas of 1000 to 1500
acres. More than 1,000 bushels per acre have been produced on selected tenacre fields. Nearly all of the asparagus that is canned in the United States
is grown on these lands and on the adjacent areas of the semi-organic Egbert
series. The total area of peat lands mapped within the state is slightly below
300,000 acres, of which over 250,000 acres are in the Sacramento-San Joaquin
delta.
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ORDER - Mineral
SUBORDER - Secondary

The secondary soils of California are almost wholly developed from water
deposited sediments and dominantly from the alluvium deposited as alluvial fans
by intermittent streams. Two series are derived from glacial material and
several are from aeolian deposits. Most of the soils are pedocalic though there
are a considerable nvimber of series having pedalferic character.

CLASS - Pedalferic
The pedalferic secondary soils are leached by the normal rainfall in
the same degree as are the primary soils, and in addition, during their period
of accumulation, are also leached by the flood waters that have transported and
deposited the sediments that form the parent material of these soils. As the
original soil material may have been well leached in its pre-erosion location
on the mountains or uplands, the secondary soils have been exposed to three
periods or conditions of leaching, and recent secondary soils with acid reactions may be found in regions having very low annual rainfall. Subsequent
weathering of these secondary soils may, under sufficient rainfall, intensify
the degree of acidity, or -under low rainfall conditions bases may be liberated
from the complex silicates and the soil become less acid or even basic in
reaction. This latter process has prevailed over much of California and has
materially reduced the number of true pedalferic series and families. Only
seven series in two families are herein described.

DIVISIOH
Secondary soils, being composed of transported and redeposited materials may often show considerable mixture of parent materials. The Siallithous
and Simalithous divisions are usually fairly "pure," while the Arenalithous is
often mixed with small amounts of material from the two other sources. In some
oases the transported material is made up of sediments from many rook sources,
thoroughly mixed and usually with no one source predominating. This condition
has been recognized as a typical or normal derivation and these soils are
placed in the Heterolithous division.
Only a few Siallithous pedalferic soils have been discovered in the
state and none are described herein. The few simalithous pedalferic soils are
of local importance only and the same is triie of the arenalithous soils. Only
a few abbreviated suites and no families have been recognized and none are
herein described.

HETEROLITHOUS DIYISIOM
The heterolithous division of pedalferic soils is better represented in
the state, with a large number of series that fit into several suites and some
families. Most of these are of limited extent and importance, from either pedologic or agronomic aspects, and only two families, the Tangair and Redding are
here described.

• '5»,••..';•••,

•

•..'

T

-..'ff.

•:1ir=«'èiÉ:'

; JIrfr

•- —,

-«(* e

j-

r

l

Si'A**''

^^w'

^

V

1 Y > « | Wt««««Tt»*>''

-^ V.) 't

&

' "-i

au ÊMSai .f.

;

;•'.('

30.
TMCTAIR

FAMILY

The Tsmgair family is composed of mineral secondary pedalferic heterolithous soils that develop in their most inature condition to a sosyxxvhat podzolio
hardpan or ortstein profile. The soils are luade up of material transported and
redeposited by wind and topographically show the undulating, rolling and dune
surface characteristic of aeolian materials. The family is not complete but has
a number of members, some in the direct line of development and others resulting
from slight modifications of weathering conditions. The most youthful of these
wind-drifted soils are wholly non-agricultural and are generally classed as sand
dunes. These are in active movement and cannot be put to agricultural use unless
extensive control measures to prevent wind erosion are instituted. Of the soil
series v/ithin the family the Oakley is the youngest, with the Marina, Baywood
and Westport slightly older and formed under somewhat different conditions, the
Garey as the nearly semimature profile and the Tangair the fully developed
mature member of the family. In the soil maps of southern California areas,
and the Reconnoissance maps of the San Joaquin Valley (1814-1918) the soils now
recognized as the Delhi series were included in the Oakley series. In more
recent maps they have been given the status of an independent series. The Delhi
series differs materially from the Oakley and from the other series both in
origin and in important profile characteristics. Whereas the Tangair family is
heterolithous, the Delhi series is siallithous in origin, being derived fron
materials of granitic rock origin. All of the series in the Tangair family are
definitely acid in reaction, while the Delhi is usually neutral to slightly
basic. The Tangair family is not extensive, nor is it of great agricu-ltiiral
importance. It, however, includes the only soils as yet mapped in California
that show podzolic characteristics. It is probable that the very sandy materials,
permitting rapid and deep percolation of rain; the effect of the dry season fogs
and fog-drip in moistening the organic debris and hastening its decomposition;
and the original highly siliceous character of the sandy soils; all contribute
to the effectiveness of leaching and to the development of the podzolic characteristics. The Oakley, Marina, Garey, and Tangair series are herein described.
Oakley Series
The Oakley series are mineral secondary pedalferic heterolithous soils
formed from material transported and redeposited by wind and originating from a
wide variety of geologic materials. The soils are foimd under Mesothermal
"Heather" (Csb) and "Olive" (Csa) climates with rainfall from 12 to 15 inches
all falling during the mild winters an.d with dry hot summers. The profile is
youthful with minor evidence of vreathering shown by slight accumulations of
clays and sesquioxides in the subsoils. The topography is characteristically
that of aeolian deposits, undulating, rolling, and in places vri.th some rather
sharp slopes. Subdrainage is good. There is little or no surface runoff.
Erosion is confined almost wholly to the action of wind. The native cover is
small stimted oaks with a rather sparse undercover of grass and herbs.
The surface soils to depths of from 10 to 15 inches are light brovm to
grayish or yellowish brown with incoherent and single grained structure. The
texture is alvirays sandy and the particles are usually decidedly rounded. The
soils are porous and pervious, and the reaction is slightly acid to neutral,
the pH is usually from 6.7 to 7.0. The subsoils are light brown to brovm v/ith
some streaks of reddish and yellowish brown. They are slightly coherent sands
withovit definite structural arrangement excerat in the brownish streaks which
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appear to be somewhat cemented by clays and sesquioxides. When wet these thin
layers or streaks soften and crumble readily. The clay accumulation in the subsoil is very low but is more than double that of the surface soils. The subsoils are porous, pervious, and usually neutral to basic, the representative pH
determinations showing from 7 to 7.4. The material may extend to great depths
without change or there may be substrata of varying character on vriiich the original sandy deposit was placed.
Under dry farming conditions the soils are utilized for grapes, almonds,
peaches, and for range pasture. Returns are low except in years of most favorable rainfall. Under irrigation they are used for grapes, almonds, peaches,
and primes, with some vegetables, alfalfa, and beans. Yields are low to fair,
the soils being of low fertility. The soil material consists very largely of
rounded quartz grains and probably originated from river and shoreline sand deposits that had in the process of their first accumulation been very thoroughly
leached and worn. The total area of characteristic Oakley soils is probably
about 60,000 acres. The Oakley has been mapped mainly on the Reoonnoissanoe
S\jrveys over an area of nearly 300,000 acres, but a very large portion of this
is recognized as being not true Oakley but is being referred to as the Delhi
series. These Delhi soils are derived from granitic sands, have recent profiles, and are more basic in reaction as well as being different in composition.
Probably 200,000 or more acres in the Ssm Joaquin Valley and a very small area
in southern California conform to the Delhi standards. The true Oakley soil is
closely related to the Marina and Baywood series, both in origin and major
characteristics.
Marina Series
The Marina series are mineral secondary pedalferio heterolithous soils
formed of transported materials of mixed geological origin accumulated as sand
dunes and similar aeolian deposits. They have been formed under Mesothermal
"Fog-belt" (Csn) and "Heather" (Csb) climates receiving about 15 inches of rain,
all felling during the mild winters but with the summer temperature and humidity
modified by the frequent fogs and the moist air from the sea. The soils have
youthful profiles with minor evidence of accumulations of clay and sesquioxides
in the subsoils. Topography is rolling to imdulating with some low hills and
consists mainly of more or less modified sand dune areas that are now fixed by
vegetation, the cover being oaks and chaparral and the trees being heavily
decorated with "Spanish Moss." Subdrainage is good and runoff is limited. In
cleared fields wind erosion often is rather severe and its injurious effect is
increased by deposition and consequent burial of grooving plants.
The surface soils to depths of from 8 to 15 inches are brown to rich
chocolate brown becoming somewhat reddish when wet. They are granular to single
grained in structure, being practically always of very sandy texture, naturally
porous and with very many insect holes. The organic matter is low but is quite
noticeable. The reaction is distinctly acid, the pH usually being between 5.0
and 6.0. The soils and subsoils are composed mainly of roimded quartz grains
more or less stained by iron oxides and by organic colloids.
The subsoils are reddish brown to yellowish brown, more or less banded
01* irregularly streaked* The structure is indefinite and thejr break to sofi;
friable granular tilth or to single grain condition. The redder bands of the
subsoil usually are somewhat firmer in consistonce and show slight but definite
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accumulations of colloidal clay and of iron and organic colloid deposition.
Very rarely some of these thin seams may be softly cemented. In many cases the
occurrence and appearance of these seams of brovmish and reddish color suggest
that they may represent old surfaces that after burial have served as effective
filtering zones in which sesquioxides have been precipitated and the downward
migrating colloids have been accumulated. This horizon is strongly acid with
pH from 4,5 to 5.5. The substratum is irregularly colored, usually yellowish,
streaked with red, and is made up of incoherent or slightly coherent sands.
The soils are of low fertility and low water-holding capacity, making
dry farming precarious. Considerable areas have been cleared and utilized for
grains and for winter peas and vegetables. Production has been poor except in
seasons of very favorable rainfall. For a time after clearing the fields are
usually occupied by a fair natural growth of wild oats and grasses that afford
fair pasture, but low brush and shrubs soon become re-established and occ^ipy
the surface. Considerable areas of Marina soils have been subdivided and sold
for small farms. Usually the water supply is limited and an extensive irrigation is impossible. Crop production under dry farming methods is low and in
nearly every case these attempts at settlement have resulted in failure. If
water were available for irrigation crops could be carried through the season,
but would need much manure and fertilizer to obtain good yields. The soils have
been mapped over an area of about 56,000 acres in the central coast region.
Other areas as yet uïimapped occur along the northern coast and it is probable
that the total area of Marina soils will exceed 150,000 acres. They are related
to the Oakley and the Baywood series, which are younger and also to the older
Garey. It is probable that the Tangair represents the final mature development
that results from the weathering of this soil material,
Garey Series
The Garey series are mineral secondary pedalferic heterolithous soils
foiTned of transported material of mixed geologic origin that has been moved and
transported mainly by wind. They are usually found under Mesothermal "Olive"
(Csa) climates receiving relatively low rainfall, usually from 15 to 20 inches,
with mild winters and warm summers whose heat is tempered to a greater or less
extent by cool breezes from the nearby ocean. The profiles are immature to
nearly semimature in development, there being a considerable accumulation of
colloidal olay in the subsoil and usually some of the layers are more or less
cemented by accumulation of sesquioxides. The soils occupy rolling to hilly
topography, usually with moderate slopes. Subdrainage is good. Runoff is
rather rapid and erosion is usually severe, with frequent deep steep-walled
gullies. In advanced stages erosion may carve these soils to a badland condition. The native cover was chamise brush 7>rith some stunted trees, but nearly
all of these soils are now cleared.
The surface soils to depths of 10 to 20 inches are light brovm with a
reddish tint when wet. The dried surface often looks quite grayish, largely
because of the presence of quartz sand particles. It shows no structural arrangement but breaks to a granular tilth. The soil is soft and when wet is
slightly plastic. It is naturally porous and is thoroughly penetrated by very
numerous insect burrows. The reaction is moderately acid, with pH 5,5 to 6.5.
The upper subsoil to depths of 30 to 40 inches is a light reddish brown
with streaks of rusty red. They are heavier in texture than the surface soil.
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when wet are iao(i©rately plastic and when dry tend to fona rather firm lumps.
The lower subsoil is reddish brown with many irregular seams of rusty red color
and of a consistence harder than the adjacent material. Those seams appear to
be old surfaces -which accumulated some organic matter and which have since their
burial acted as filters in which sesquioxides have been deposited. Some of
them are partly cemented and they always are quite hard when dry but usually
become softer when wet. The subsoils throughout are moderately to strongly
acidj with pfl from 5,0 to 6,0.
The soils take water readily and have a fairly high water-holding
capacity. They are nearly all dry-farmed, and are utilized for grain and beaias
with large areas in pasture. The yields are generally low except in seasons of
most favorable distribution of the rain. The soil mass has been rathor thoroughly
leached and is naturally low in plant food elements. They have been mapped over
an area of about 25,000 acres in the coastal valleys between San Francisco and
Santa Barbara, the largest area lying in the Santa Maria Valley. The soils are
typically aeolian or windblown in origin and are related to the Hferina, Oakley,
and Baytvood which are all younger and to the Tangair, a mature aeolian series.
It is probable that practically all of these soils have now been mapped, although a few new areas may be encountered as the surveys are extended to the
coastal counties north of Santa Cruz.
Tangair Series
The Tangair series are mineral secondary pedalferic heterolithous soils
formed from transported materials of mixed geological origin that have been
accumulated and deposited by wind action. They have been found in the Ifesothermal "Fog-belt" (Csn) and "Heather" (Csb) climates, undex- rainfall of from
15 to 18 inches. The winters are mild with freezing temperatures rare, while
the summers are cool with temperature and drought modified by the frequent fogs
which at times are of almost nightly occurrence and which wet the shrubs and
trees and cause considerable drip to the soil. The profile is mature with a
rather definite hardpan development. It is rather podzolic in character, the
surface soils showing a bleached condition and the hardpan in many vra.ys resembling ortstein» The native cover is brush and shrubs, the stand being dense but
usually short. Cleared areas are occupied by short grasses of poor quality.
Topography is rolling to imdulating, subdrainage restricted, and runoff rapid
when the rains are heavy. At such times erosion is severe, gullies in cleared
fields being cut to the hardpan.
The surface soils to depths of 6 to 21 inches are dull brownish gray to
a dull grayish brown. In their natural condition the surface 1 to 2 inches are
dark gray, a mixture of sand and organic matter with a subsurface that is gray
to brownish gray, rather bleached, of a sandy texture and single grain structure.
The soils are porous, pervious and are quite acid in reaction, the pH varying
from 5.5 to 6.2.
The upper subsoil to depths of from 12 to 16 inches or more is a fairly
porous and peinrious light brownish gray to light gray sandy clay or a stand with
a high clay content. It is mottled considerably with spots of yellowish brown,
rusty or grayish color. TOien wet it is distinctly plastic, although quite sandy.
It dries to fina clods which, however, can be readily broken to a granular tilth.
The reaction is decidedly acid with a pH of from 5.0 to 5,5. The lower subsoil
is reddish or rusty brown or yellowish gray, the color being quite irregular both
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in tint and distribution. This horizon is a heavy textured sandy clay with a
very high content of colloidal material, plastic when vret and very hard vrhen dry.
It contains very many concretions of rusty color, apparently cemented by iron
and other sesquioxides. Those concretions are usually sufficiently nunerous to
form a distinct hardpan-like horizon, sometimes cemented to a fairly solid mass,
at other times occurring in irregular finger-like masses with much pei'vious sandy
or clayey material. Most of the areas of Tangair soils have this lower subsoil
cemented to a rather definite hardpan horizon. The entire profile including the
hardpan horizon is usually less than 4 feet in thickness. The substratum m&y be
sandy materials, quite similar to the surface soils, or may be bedrock of sandstond or chert. In many cases the Tangair deposits were spread over a hard
rock surface.
Under natural conditions the soils have low value and are utilized for
very poor range pasture. Where the brush is cleared natural grasses afford fair
pasture, A few fields have been utilized for dry-farmed grain, but the growth
is usually poor and returns low. None of the soil is irrigated, usually no
water being available. It has"been mapped over an area of about 15,000 acres,
nearly all in the west coastal region of Santa Barbara County, In the soil
surveys of the Santa llaria Valley made in 1916 about 3,500 acres were mapped as
Madera san.dy loam. Much of this appears to conform closely to the Tangair conditions and none of it is typical Madera. It is probable that very fevj- additional areas of Tangair will be encountered, although midoubtedly there are
some occurrences in the unmapped portion of the central coast region. The soils
are related to the Oakley, Marina, Baywood and Garey series, being the oldest
member of the family that has as yet been encountered in California, They are
of very low present or potential value.

REDDING FAMILY
The Redding family is composed of mineral secondai-y pedalferic heterolithous soils that axe weathering towards a silica-iron hardpan profile. They
have been formed from old gravelly deposits of Pleistocene or pre-Pleistocene
age which originally came from a wide range of rooks and are decidedly variable
in their mineral constitution. The deposits have been more or less reworked
and probably all of the younger mombers represent results of erosion and redeposition of the original material in post-Pleistocene or Recent times. The family
is incomplete. Only a few members have been recognized and these are quite far
apart in stages of development. The most youthful member as yet discovered is
the Andorson sorios, which is of very limited extent. Intermediate stages have
not yet been encountered, the semimature and mature members being the Coniing
and Redding soils. All of the members of this family have been very decidedly
leached and it is probable that the leaching took place in considerable part
during the period whon the original gravelly materials were being deposited.
In the Anderson series most of the gravels are hard and resistant, but in the
Corning and Redding series many of the gravels of more complex mineral constitution are quite soft and are readily broken to small fragments. These have
undoubtedly weathered in their present position, indicating that the parent
materials of these soils have for a very long time been subjected to rock
destroying forces. As a result of the several weatherings and leachings to
which these soil materials have been subjected, they are normally deficient in
bases and show quite acid reaction. The Redding and Corning become increasingly
acid with depth, a condition that is not ordinarily encountered among the soils
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in California. The family is not closely related to any of the other faiailies,
but in some characteristics shows resemblances to the San Joaquin and tladera
families.
The Redding family is quite unorthodox in its mode of devolopmont. It
is probable that all the parent materials wore carried out and deposited at a
very early period and that there have been no further depositions of fresh
material from the mountain areas. The Redding series have been developed by
prolonged weathering of these sediments in place. Erosion of these gravelly and
cobbly materials, and their redeposition at a lower position has provided the
parent material of the Coming series, and still more recent erosion and redeposition is supplying the parent material of the Anderson series. Thus each of
the younger series are composed of material derived from the original "Redding"
deposits. In the erosion and redeposition the softer, woatherod cobbles and
gravels have boen ground to fine sediments and only the harder oobblos remain
in the Anderson soils. The Corning, which has weathered for a long period, now
contains some partly decomposed cobbles and gravels, while these are quite
common in the Redding soils.
Corning Series
The Corning series are mineral secondary pedalferio heterolithous soils
formed from transported material of mixed origin but to a very large extent
consisting of reworked and redeposited materials from Pleistocene deposits.
The soils are formed under Mcsotherma] "Olive" (Csa) climates with low but variable rainfall ranging from less than 15 to above 25 inches with mild winters
and very hot and dry summers. The profiles are semimature with heavy accumulations of clay in the subsoil. They occupy remnants of old alluvial fans and outwash plains which have been cut by erosion into ar undulating to steeply rolling
topography with occasional reasonabl5i- smooth terrace remnants. The erosion that
carved the topography occurred before the soil development, the characteristics
of the soils on the slopes being essentially the same as that on the smoother
portions. Subdrainage is normally good, although locally there may be some
places where the heavy subsoils restrict the downward percolation of water.
Runoff is rather rapid but erosion is retarded by the amount of gravel present
in nearly all of t?ie types. iJVhere runoff is concentrated sufficiently to move
these gravels they serve as abrasives and erosion is severe with steep-sided
narrow gullies the most characteristic expression. The native cover is sparse
grass with occasional stunted trees.
The surface soils to depths of 8 to 15 inches are a pale brovmish red
or somewhat yellowish red color. "When wet the red is decidedly noticeable but
when dry they may bleach out to a grayish shade. More than 90 per cent of the
soils are gravelly, the content being usually quite high and dominating the
structural arrangement. Ordinarily the surface tends to dry to a crust which
breaks readily to a rather coarsely granular or somewhat lumpy tilth. They are
moderately acid in reaction, naturally porous, and penetrated by very numerous
insect burrows.
The subsoils are somewhat variable in color, ranging from a light red to
yellowish red or reddish brown. They do not show any definite structural arrangement but on drying crack to irregular clods. Occasionally the upper portion may show a slight tendency towards columnar structural arrangement but the
very high content of gravel masks any natural structure. The subsoils
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essentially are a mass of gravel and cobble with a matrix of clay that is very
plastio and sticky when wet and hard when dry. As a result the subsoils when
thoroughly dry are very hard to dig into and frequently are referred to as
hardpan. When wet, however, they are readily penetrated, there being no actual
cementation. Many of the cobbles and some of the gravels have weathered to
such an extent that they can be easily out through with a shovel and some can
be crushed with the hand. These stones were originally subjected to vreathering
during the period of deposition in the Pleistocene, followed by a period of
weathering in place. Subsequently they were again eroded, transported, and
redeposited in the present locations and are now subject to a second period of
soil weathering. In this process of formation the Corning series resembles to
an extent the soils of Anderson series, but are in a more advanced stage of
development. The substratum of the Corning is stratified coarse gravels and
sands, usually permeable but with some strata decidedly compact and occasionally semioemented. The subsoils are moderately to strongly acid in reaction.
Under dry farming conditions the soils have very low productive capacity. They are utilized for range pasture and in their most extensive occurronocs
in the northern part of the Sacramento Valley are utilized as range for turkeys,
which feed in part on the grasshoppers that usually are very numerous. Water
has not been available for irrigation of these soils but the few areas that
have been irrigated have given fairly good results with deciduous fruits, oitruc
fruits where frost conditions are favorable, and with grapes, olives, and
almonds. Alfalfa is grown to a greater or less extent on the irrigated areas,
but usually the sloping surfaces make irrigation of this crop rather difficult.
With irrigation available the soils will probably become rather extensively
developed to fruit, mainly grapes and deciduous fruits, with citrus fruits in
the locations of more favorable cliiaate. The soils are a reserve of potential
fruit lands that can be made available by provision of irrigation water. They
have been mapped mainly in the Sacramento Valley with scattered areas here and
there in the Sierra foothills and in the larger valleys of the Coast Ranges.
A total area of about 104,000 acres has been mapped. This probably constitutes
nearly the entire occurrence of the soils within the state.
Redding Series
The Redding series are mineral secondary pedalferic heterolithous soils
derived from transported material of mixed geological origin, pr3jTiarily from
old Pleistocene or pre-Pleistocene deposits. The largest areas and most extensive developments are found under Mesothermal "Olive" (Csa) climates virith from
20 to 30 inches of rainfall, but one area of considerable extent in San Diego
County appears under a climate that is classed as hot semi-arid "Desert Steppe"
(Bsh) \vith from 10 to 12 inches of rainfall. After very extensive chemical and
physical studies it has been determined that all these soils are practically
identical in their characteristics. The profiles are mature, having developed
a very definite sesquioxide cemented hardpan. They occupy rolling to undulating
surfaces of old sloping terraces and alluvial plains. The typical cover is
brush and stunted oak trees, while the San Diego County occurrence has a rather
close cover of short shrubs and Ceanothus brush.
The surface soils are red to brownish red in color and bake to a hard
crust that breaks rather readily to a flyrm granular tilth. When vret the soils
are somewhat plastio and sticky, in spite of the very large content of grit and
fine gravel. They are naturally porous and very thoroughly penetrated with
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insect burrows. The surface soils are usually moderately aoid in reaction -with
a pH about 6,0. The organic matter content is low and the depth is usually less
than 12 inches, often less than 6 inches.
The upper siibsoils are generally red but vary from a deep rich red to a
yellowish red. They are highly colloidal, plastic and sticky in spite of the
high content of gravel and grit and they dry to hard irregular clods that in
some oases break in a faintly columnar or prismatic structure. The clods and
gravels are heavily coated with colloids and in many oases when dry appear to
be cemented by the same materials. When wetted the colloids swell and soften.
The reaction is acid, the pH being from 5,0 to 5,5. At depths of from 12 to
20 inches the deeper subsoil is usually more grayish, although the dominant
color is red. There mB.y be some lenses or irregular area of gray silty or
clayey material surrounded by grayish red to red very gravelly and cobbly mass.
This horizon is strongly aoid with a pH from 4.0 to 5,0, The deepest subsoil
horizon xvhich is encountered at depths of from 2 to 4 feet is a mass of gravels
and cobbles with a matrix of highly colloidal sandy clay. The gravelly and
cobbly materials are tightly held by the matrix of clays and are usually cemented
by sesquioxides to a hardpan-like mass that does not soften when wetted. It is
very slowly pervious and usually prevents downward percolation of water, giviJig
the soils a condition of perched water table or temporary poor drainage when
heavy rains or over-irrigation may occur. In places this hardpan-like horizon
is very thick and resembles a semi-cemented substratum that, in its upper portions, has been strongly cemented by soil-derived sesquioxides. The substratum
is a mass of semi-cemented gravels and cobbles.
In their natural condition the soils are of low productive value, although they are utilized for grain and in the regions of highest rainfall are
planted to almonds, olives, and some other trees. Under irrigation they are
utilized for citrvis fruits wherever frost conditions will permit and in other
areas are utilized for grapes, almonds, olives, and to a limited extent for
deciduous fruits. The soils being rather shallov/ and the subsoils heavy the
root zone is limited and the soils are suitable for a relatively narrow range
of crops. They have been mapped over an area totalling about 400,000 acres,
most of it in northern California, the largest areas being in Shasta CoiAnty
and in Butte and Tehama coimties. Bodies also occur in the valleys along the
Sacramento River north of Red Bluff and opposite the mouths of the canyons of
all the larger streajiis coming into the Sacramento and San Joaquin valleys from
the north and east. These represent remnants of the old alluvial delta cones
that have been largely eroded and washed away. In southern California there are
some areas in siiiiilar positions and in San Diego County the Redding soils occupy
the broad gently sloping Kearney Mesa. They are one of the oldost series in
point of weathering in California, having the rather unusual condition of the
subsoils being much more acid in rea'ction than the surface and having v/eathered
to the point where many of the original gravels and cobbles have become decomposed and decidedly sofb. They are of considerable pedological interest but
except locally in the citrus regions are of relatively low value.

38.
ORDER - Mineral
SUBORDER - Secondary
CLASS - Pedooalic
The secondary pedooalic soils are normal in those regions where the
annual rainfall is usually insufficient to wet the entire depth of the soil mass
and consequently unable to leach therefrom the soluble products of soil weathering. The parent materials may be basic or even calcareous sediments that will
give typical pedooalic conditions in both the unweathered and the weathered
stages. Or they may be neutral or even acidic sediments whose coarser particles
are composed of complex mineral compounds containing bases which, when liberated
by weathering, develop a basic profile. Under these conditions the recent and
youthful series may be nonoalcareous or even slightly acidic, while the older,
more matured profiles will be basic and usually calcareous. Tïhere drainage is
poor, soluble materials may be brought in from other higher areas and "acquired"
lime and alkali may accumulate. All these conditions are present among the
soils of California.

DIVISIOH - SIALLITHOUS
All sources of parent material enter into the formation of the secondary
pedooalic soils and four divisions are herein discussed. The siallithous pedooalic secondary soils include several distinct families and a large number of
series whose family relationships are not yet determined. The San Joaquiil,
Madera, Tubac, Fresno, and Merced families and a miscellaneous group are herein
described. They show distinct characteristics caused mainly by differences in
climatic influences, in minor variations in parent material, and in drainage
conditions.

SAN JOAQUIN FAMILY
The San Joaquin family of soils is the most complete as yet discovered
within California. It is composed of mineral secondary nonoalcareous pedooalic
siallithous soils that are weathering to a mature condition of iron hardpan
(ferrosaxeum) profile. The series in the direct line of the family are the
Tujunga, Hanford, Greenfield, Ramona, Placentia, and San Joaquin, with the
Rocklin and some other minor series as variants from the direct line.
They occupy broad alltivial fan slopes and are made up of material that
has been eroded from areas of granitic rocks. The Soil inaterials Were leached
to a greater or less extent during the processes of rock destruction aiid the
formation of primary soils in the mountain areas, were further modified by the
water that eroded them from these uplands and transported them to their valley
positions and during the period of accumulation and the earlier period of
weathering were again repeatedly leached by the flood waters that flowed over
these alluvial fans. The soils have been weathered under conditions of good
drainage, but since the end of the period of active flooding and building they
have rarely beeh wetted to a sufficient degree to show the influence of drainage
conditions as the rainfall on the plains where they occur is not sufficient to
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leach through the mass of soil material. Ordinarily, the soils are wetted to a
depth of 3 to 5 feet and the moisture of one rainy season is used up by growing
vegetation before the coming of the next year's rains. Under these conditions,
the rain waters transport downward material in suspension and solution and deposit these in the subsoil horizons. The amount of rain determines the depth
of moisture penetration and indirectly determines the location of the dense clay
subsoils which in their final condition are cemented to a hardpan. The progressive stages of weathering from the unmodified profile of the Hanford and Tujunga
to the maturely-developed hardpan of the San Joaquin series is set forth in the
descriptions of the individual series.
This family contrasts very markedly with that of the Fresno family,
which is formed of the same kind of parent material but under conditions of poor
drainage. The San Joaquin family is also related to the Madera family, vAich is
formed under almost identical conditions, and to the Tubac family, vihich has
been formed under much more arid climates. The San Joaquin family is typical
and has a fairly complete succession of series that illustrates the character
of the development of well drained soils under conditions of moderately low
rainfall and mild winter temperatures.
Tujunga Series
The Tujunga series are mineral secondary noncalcareous pedooalic siallithous soils formed from transported materials derived from granitic rock
sources. They are found usually under conditions of Mesothermal "Olive" (Csa)
climate with from 10 to 20 inches of rainfall, coming during the mild winter
season, and with hot dry summers. The profile is strictly recent and shows no
evidence of weathering, the soil mass being now in process of accumulation.
They occupy recent alluvial fans and floodplains subject to overflow during any
period of heavy rain in the adjacent mountains. The surfaces are sloping and
are cut by washes and by low alluvial ridges built by torrential outwash. The
native vegetation is shrubs, either scattered or fairly dense, depending upon
the time since the last flood deposited material at that particular site. They
are being actively builded by present day floods, the upper parts of the cones
being coarse and stony with the finer sediments deposited on the flatter lower
slopes.
The surface soils are light gray to light brownish gray, incoherent and
single-grained in structure, usually of sandy texture, although many areas are
exceedingly gravelly and cobbljr, being made up very largely of these coarse
particles with only a small amount of sand or fine sand. From these extremes
the textures grade to fine sandy loams and a few small areas of silty fine
sandy loam. The soils are porousj pervious, very low in organic matter, and
are neutral in reaction. They consist of rounded, angular, or subangular fragments of granitic rock materials with a high proportion of quartz, and with
micas, feldspars and other recognizable mineral fragments. The subsoils are essentially the same as the surface soils, decidedly variable in texture and
extending to great depths.
The soils are of low agricultural value in their natural conditions.
TOien irrigation water is available they are used for citrus and deciduous fruits,
grapes, and vegetables. The upper portion of the fans usually occupy favorable
thermal positions with a slight frost hazard and in such locations the soils
have been rather extensively developed to citrus production. They are exceedingly porous and have a very low water holding capacity, requiring frequent and
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careful irrigation and usually need the application of Jarge quantities of
manures, to aid both in the water holding capacity and fertil5.ty. Essentially
the soil material is pulverized granitic rock, most of the particles being
angular or subangular and made up of crystals of characteristic minerals from
granites. They have been mapped over an area of approximately 200,000 acres,
mostly in southern California in the valley or basin between Los Angeles and
Redlands. Considerable areas are found in San Diego County and in other portions of the southern part of the state. The soils are potentially productive
but because of their very coarse texture agricultural use is accompanied by
much difficulty. Considerable areas have been subdivided and sold in very small
tracts as "Little-lander" colonies. These not only face the difficulty of adequately developing production on the very porous soils, but in nearly every
case these colonies are located on the upper portions of the alluvial washes and
are subject to an ever present menace of a severe and disastrous flood. The
Tujunga soils have been built by flood action; their character is determined by
recurring floods and they are due to be flooded in the future except in those
cases where very large retaining dams are located low enough down in the canyon
to intercept all major runoff from the mountains. They can be considered as
productive soils, potentially of considerable value but very hazardous in location. They are the youngest members of the families of secondary soils formed
from granitic materials and which reach their most characteristic mature development in the San Joaquin series,
Hanford Series
The Hanford series are mineral secondary noncalcareous pedooalic siallithous soils formed of transported material originating from granitic rock
sources. Most of the parent material undoubtedly existed as soil on the uplands
and mountains, probably soils similar to the Holland and Sierra series, that
have been eroded from their original locations, transported by streams to the
valley, and there redeposited as broad confluent alluvial fans and floodplains.
They have been formed under Mesothermal "Olive" (Csa) and Maorothermal "Hot
Steppe" (BSh) and "semi-desert" (B1/Vh) climates, receiving from 5 to 20 inches
of rainfall, all of it coming during the mild winters, with hot and very dry
summers. The soils have a recent unweathered profile and are one of the two
crudum or "recent" members of the San Joaquin soil family. They occupy gently
sloping broad alluvial plains and long narrow river floodplains and low terraces.
The drainage is good except in the very lowest areas and ordinarily floods and
surface runoff are accompanied by deposition instead of erosion» The original
cover was variable but generally consisted of desert shrubs with sage most common. Many areas had a fair cover of brush and grass.
The surface soils to variable depths are bro-vm to light brown in color,
highly micaceous, the coarse types decidedly gritty and even the finer types
showing isome angular crystalline fragments. They show no structural arrangement but break readily to a grsmular tilth, are naturally porous and are penetrated by very numerous insect burrows. They are low in organic matter and
nearly neutral in reaction, with pH from 6,6 to 7,0.
The subsoils are light brown to brown, more or less stratified, micaceous, usually gritty, and without any structural arrangement. They are porous,
with many insect burrows, and are normally neutral or slightly basic in reaction,
with pH from 7.0 to 8.0, The subsoils are essentially the same as the surface
soils except that they are somewhat lighter colored and have a lower content of
organic matter. The substrata are usually the same as tho subsoil.
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Under dry-farming conditions the soils afford sparse pasture and
occasionally they are utilized for dry-farmed grains, the yielSs depending
entirely upon the amount and seasonal distribution of the annual rainfall.
Under irrigation they are utilized for all of the crops except rice that are
grovm in California. Ihere located in relatively frost-free portions they give
excellent production of citrus fruits. Practically all the deciduous fruits
and subtropical fruits are grown on the Hanford soils in some place in the
state and the same is true of the various nuts, grapes, olives, figs, and
other tree crops of the state. Alfalfa, beets, cotton, sorghums, and all the
field crops are likewise grown over large areas. About 12 per cent of the total
area of the Hanford series is in the coarser sandy groups which are relatively
poorer than the others. About 80 per cent is classed as sandy loam, while
about 7 per cent is of heavier types. Eighteen per cent of the entire area is
more or less affected by alkali, nearly all of tlae accumulations being due to
overirrigation and a rising water table. The soils have been mapped over a
total area of 1,750,000 acres, but this includes considerable areas that would
now be separated out as members of the Greenfield series. Probably 200,000
acres or more would be classed as Greenfield, In the Reconnoissance Surveys
of the San Joaquin Valley some areas have been classed as Hanford that have
calcareous subsoils. Most of these are in the Greenfield stage of development
and will probably be classed with the Hesperia series when the detailed surveys
are made. The actual area of typical Hanford soils will probably exceed
1,000,000 acres. The Hanford is beyond question the best series of soils found
within the state of California and likewise one of the most extensive. It is
foimd throughout all of southern and central California, the most extensive
areas being in the southern valleys from the San Bernardino Mountains to the
ocean and in the San Joaquin Valley. Other areas occur in the Salinas Valley,
the valleys on the eastern slopes of the Sierras, and in scattered sections here
and there in other parts of the state.
Greenfield Series
The Greenfield series are mineral secondary noncaloareous pedocalic
siallithous soils formed of transported material of granitic rock origin but
primarily made up of material that existed in the mountain regions as soil,
probabl5r of the Holland and Sierra series, and which was eroded, transported,
and redeposited as alluvial fans in the valleys. The soils occur under Mesothermal "Olive" (Csa) and Macrothermal "Hot Steppe" (BSh) and "Semi-desert"
(BWh) climates having a low rainfall, generally between 10 and 15 inches, with
mild to warm winters and hot dry summers. The profiles are youthful, showing
the beginning of subsoil differentiation. They are the second stage in the development of the San Joaquin family of soils, being a little older than the
Hanford. The soils occupy gently to steeply sloping alluvial fans and confluent
alluvial plains with good drainage and very little erosion except in a few local
areas. They would erode badly if serious runoff occurred and under unwise irrigation considerable washing of soil is common. The original cover was sparse
desert shrubs, mostly sage, with some scattered bunch grass.
The surface soils to depths of 12 to 20 inches are brown to light broTöi>
becoming somewhat darker in appearance -véieh wet. They èi'ö decidedly gi'ltty and
highly micaceous. After irrigation or rain the surface will pack somewhat but
breaks readily to a granular tilth. The soils are porous and in addition are
permeated with very many insect burrows* They are usually neutral or slightly
basic in reaction, and have a good water absorptive ability and fair water holding capacity.
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The subsoils are brown to light brorni in color and slightly heavier
than the surface. Analyses show that the colloid content is distinctly larger
than in the surface horizons, but there is no evidence of structural arrangement. The subsoils are gritty, micaceous, and porous, with slightly basic reactions. The deeper substratum is essentially the same as the soil and subsoil,
the entire mass to depths of many feet being pervious soil material of more or
less stratified sediments.
Under dry-farming conditions the soils have very little value, affording
a very sparse pasture and giving lovir crop yields though in years of favorable
rainfall they give fair yields of dry-farmed grain. Under irrigation they produce abundantly all the crops of the region in which they occur. In the relatively frost-free locations citrus fruits give excellent yields. All deciduous
fruits, alfalfa, and nearly all field crops, vegetables, and truck crops are
grown, generally with good to excellent yields. Approximately 42,000 acres have
been mapped as the Greenfield series, mainly in the Salinas Valley and in San
Diego County. There are many other very extensive areas that have not as yet
been shown on any detailed map. These occur in the San Joaquin Valley, in
Los Angeles, Riverside, Santa Barbara, and Orange Counties, and in lesser degree
in some other counties of the state. In the earlier surveys they vrere included
with the Hanford soils, from which they are distinguished only by very careful
examination. The Greenfield soils represent a slight degree of weathering of
Hanford soils and are the first stage of development beyond the recent Hanford.
In agricultural value they are equal to the Hanford. It is probable that the
total area, whon all of the Greenfield has been segregated and mapped, will approximate 300,000 acres in extent. From a pedological standpoint they are distinctly different from the related Hanford, but agronomically they are decidedly
similar.
Ramona Series
The Ramona series are mineral secondary noncalcareous pedocalic siallithous soils formed of transported material of granitic rock origin which has
been derived primarily by erosion from areas of upland occupied by Holland,
Sierra, Vista, or Fallbrook soils. They are found under Mesothermal "Olive"
(Csa) climate with 10 to 15 inches of rainfall during the warm winters followed
by hot dry summer seasons. The profile has reached the immature stage with a
well-developed claypan horizon in the subsoil. Throughout most of its occurrence
this subsoil accumulation zone is very thick, indicating a very slow rate of
deposition or accumulation of the parent material. The materials appear to have
weathered more rapidly than they have aocTomulated and the continuous downward
migration and concentration of clay in the subsoil has slowly built up a very
thick dense subsoil horizon that has kept pace with the deposition of fresh
material (of "Hanford" character) to form new surface horizons. In places there
are zones of softer, less compact materials between the horizons of heavier subsoil which are assumed to represent periods when surface accimiulations vrere sufficiently rapid to exceed the rate of weathering. The soils occupy confluent
alluvial fans that in many cases now form broad sloping valloy margins. Subdrainage is fair and surface runoff is slow to moderate. Ihen rapid runoff
occurs it causes very severe erosion. The natural cover is a sparse growth of
desert shrubs.
The surface soils to depths of 10 to 20 inches are brown, grayish brown
to rather rich brovm, drying rather light in color but appearing redder when
wet* They form a rather thin crust-mulch structure that breaks up readily to a
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firm lumpy to coarsely granular tilth. The soils are very gritty with large
quantities of coarse angular fragments. When wet the surface soils of the sandy
loam and heavier types are usually somewhat sticky and plastic and if worked in
a moist condition they form a rather hard plowpan or puddled zone. The soils
naturally are porous and pervious, hut after irrigation or a very heavy rain
will "slick" over and develop a baked surface. The reaction is nearly neutral,
with pH from 6.6 to 7.5j and the organic matter content is low.
The subsoils to variable depths, but usually more than 4 feet, are brown
to reddish brown, heavier textured and very gritty with a large content of
angular fragments and coarse sand. T/ïhen wet they are quite plastic and sticky,
while they dry to hard rather dense clods and lumps. The content of colloidal
clay is rather high, the colloid being very fine and when dry acting as a cementing material. The subsoils have a basic reaction with pH from 7.0 to 8,0 and in
spite of their high colloidal character are moderately porous. The substratum
resembles either the subsoil or the surface soil in character and usually extends to depths of many feet.
A representative profile, from an excavation on the Citrus Experiment
Station at Riverside, is here described:
A]^ - 0 to 5^ inches. Brown gritty sandy loam, fairly heavy but with a considerable content of coarse angular quartz and granitic fragments.
Of medium to firm consistence and with a rather irregular cloddy structure, breaking readily to a condition of granular tilth. Where undisturbed, the surface tends to form a thin crust-mulch structure, usually
less than 1 inch in total thickness. Some undecayed organic matter
presentj pH 7,2; colloidal clay 7,20; carbonates 0,507.
Bj - 5g- to 27 inches. Brown, gritty sandy loam with a considerable clay content readily evidenced by plasticity and stickiness when wet and hard
consistence when dry. No marked evidence of structure, though usually
there is some tendency toward formation of an irregularly prismatic
columnar structure. The color is somewhat richer (redder) than the surface, though usually a little lighter. The subsoil is hard when dry,
but softens when wet. It is readily permeable to roots, and fairly
penetrable by water. pH 7.2; colloidal clay 11,70; carbonates 0,385.
B2 - 27 to 37'|- inches. Reddish brown gritty sandy clay loam, breaking to a
hard lumpy tilth when dry, plastic and sticky when wet. Ho structural
arrangement was evident, but usually this horizon has a prismatic
columnar arrangement. It is readily penetrated by roots, though it
tends to hold back irrigation water to some extent. While penetration
is slow, the water will percolate through the horizon and into the lower
layers. pH 7.4; colloidal clay 11.48; carbonates 0,377.
^3 ~ 37^ to 55 inches. Reddish brown gritty heavy sandy loam, hard and compact when dry, sticky and plastic when wet, No structural arrangement
evident, but breaks to hard irregular lumps when excavated. Dense and
•very slowly pervious to water, pH 7,8; colloidal clay 11.59;
carbonates 0.452.
B^ - 55 to 73 inches. Brown, with reddish tint, dense, gritty sandy loam,
hard when dry, plastic when wet, No structural arrangement evident.
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but breaks to hard irregular lumps when excavated. Wot quite so hard
or compact as B3* but distinctly a zone of clay accumulation, dense and
slowly pervious, pH 8.0j colloidal clay 10.04; carbonates 0.618.
In their natural condition the soils are of low agricultural value, giving very little sparse pasture and in regions of best rainfall conditions producing some dryfarmed grain. Under irrigation they are devoted to many crops.
Where favorably located thermally and relatively frost-free they aro utilized
for citrus fruits, producing mainly oranges with some lemons. In regions where
frosts eliminate citrus production, deciduous and subtropical fruits, nuts, and
grapes are grown very extensively. The smoother and flatter areas are devoted
to alfalfa, field crops, vegetables, and truck crops, and in places to cotton
and in fact to almost any crop that can be grown in the region. The soils are
productive and of good quality. Approximately 420,000 acres have been mapped,
most of it in southern California with extensive areas in the San Joaquin
Valley. Forty-six per cent of this is mapped as sandy loam, with 42 per cent
in loams and clay loams. With the extension of detailed surveys in the San
Joaquin Valley where heretofore only Reoonnoissanoe Surveys have been made, it
is probable that larger areas of Ramona will be discovered and mapped. They
represent one of the very good soils of California and are the immature member
of the San Joaquin fEunily, being developed trora. the Hanford material through
Greenfield and probably v/ill develop through the Placontia to the San Joaquin
if the weathering trend is not interinipted.
Plaoentia Series
The Plaoentia series are mineral secondary noncaloareous peöooalic
siallithous soils formed of transported material derived almost wholly from
granitic rocks but formed most directly of soil material eroded from areas of
Holland, Sierra, Fallbrook, and Vista series transported and redeposited in its
present position. The soils occur in Mesothermal "Olive" (Csa) and "Eot
Steppe" (BSh) climates with rainfall of from 12 to 15 inches, all falling during the warm winters, and with long hot dry summer seasons. The profiles are
semimature, having developed a very definite heavy claypan subsoil» The soils
occupy undulating to rolling topography with some smoothly sloping portions and
are remnants of old confluent alluvial fans and footslopes. Subdrainage is
restricted by the. heavy clay subsoil. Runoff rarely occurs but when it does
occur erosion is very severe, stripping off the surface and cutting deep narrow
gullies. The native vegetation is a sparse stand of semidesert shrubs and cactus with scattered grass and herbs.
The surface soils to depths of 5 to 10 inches are reddish brown to
brownish red, wi.th a rather thin crust-mulch structure and break to a granular
or small limpy tilth. TOien moist the surface soils are somewhat sticky and
plastic, but this is masked to a large degree by the high content of coarse
angular grit and sand. The soils are naturally porous and also are very thoroughly penetrated by insect burrows. They are usually neutral with a pH of
approximately 7.
The upper subsoil is light red to brownish red gritty and sandy clay
that is decidedly plastic when vret and when dry becomes very hard and resistant
but cracks to an irregular cloddy structure. The outside of the clods are
coated with colloids and the soil has a very high content of colloidal clay
(15 to 30 per cent) this being the zone of greatest clay accumulation and the
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densest of any of the subsoil horizons. The fragments are broken by some
secondary cracks and insect burrows that give them a more open character. The
reaction is neutral to slightly basic, the pH usually being from 7 to 7.2.
This horizon is usually from 5 to 10 inches in thickness with deeper subsoils
rather variable, usually reddish in color with some brownish or yellowish red
layers. They are gritty sandy clays and clay loams, sticky and plastic when
wet, drying to hard irregular clods that are colloid-coated on the outside and
that contain a high amount of colloidal clays. The substratum may be similar
to the deeper subsoils or may be less weathered and more like the surface soils.
In places where the initial accumulation of parent material was rapid and the
soil wholly xmweathered until the fan surface was abandoned by the stream that
fonned it, the subsoil horizons were rarely more than 2 to 2-|- feet thick, with
soft and pervious material beneath. llVhere, however, the flans were built up very
slowly and weathering progressed during the accumulation period, the subsoils
are made up of either uniformly heavy horizons or of alternating layers of
heavier and lighter textures.
Under dry-farming conditions the soils are of very low value and only
in regions of the heaviest rainfall are they plowed at all. Dry-farmed grain
is produced to some extent with good yields in years of very favorable rainfall.
Under irrigation citrus fruits are most extensively and successfully grown.
The soils usually occur in the thermal belts where frosts are less liable to
occur. Oranges and lemons give excellent yields where they are properly irrigated and fertilized. Where the frost hazard is greater, deciduous and subtropical fruits and some vegetables ai-o grown. The very dense upper clay subsoil materially interferes with root penetration and only the shallow-rooted
crops are produced with full success on these soils. In some regions erosion
has washed away much of the original surface soil, the present surface being the
clays that previously were the subsoils that now are tilled. In these cases
difficulty is encountered in managing irrigation and tillage, but as the deeper
subsoils may be more pervious they often poiTiiit a wider range of crops than can
be grown on the soil in its natural uneroded condition. Approximately 120,000
acres have been mapped mainly in southern California, Probably as much more
exists in the San Joaquin Valley, but this has as yet not been differentiated,
the areas having been mapped only on the Reconnoissance Surveys, The Placentia
soils are the semimature members of the San Joaquin family, developed from
material resembling the Hanford through Greenfield smd Ramona stages and probably if the normal process of weathering is not materially interfered with will
undoubtedly develop the San Joaquin type of hardpan when fully mature. This
process of development is exceedingly slow and probably will require several
thousand years,
San Joaquin Series
The San Joaquin series are mineral secondary noncalcareous pedocalic
siallithous soils formed of transported material mainly of granitic rock origin
but more or less mixed in mineralogioal character. In the main they have boon
weathered from the sandy and gravelly Pleistocene sediments that occupy the
sloping plains on the east side of the Sacramento and San Joaquin valleys. They
are found under climates varying from the ïfesotherma] "Olive" (Csa) to the "Hot
Steppe" (BSh) with rainfall of from 10 to 20 inches during the mild winters and
with long hot dry summer seasons. The profiles are mature, having a wolldeveloped hardpan horizon consisting of soil material that has been cemented by
precipitated colloids, sesquioxides and silica. The soils occupy sloping plains
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with und-ulating to rolling topography and have a micro-relief characterized by
the general occurrence of natural mounds. These vary from low rather widelyscattered mounds from 1 to 3 feet in height and from 8 to 10 or 15 feet across
to a succession of moimds from 4 to 6 feet in height and from 20 to 50 feet
across set so closely that they occupy practically all of the surface. The
hardpan varies in its relation to the micro-relief. In some areas the hardpan
is a sloping plain that agrees in its surface configuration with the major
slope of the regional topography and is wholly independent of the micro-relief.
In other places the hardpan siirface follows with surprising fidelity the contour of the surface, the depth to hardpan underneath the center of the moimds
being about the same or a little less than the depth of soil above the hardpan
in the hollows. There is much evidence to support the belief that the mounds
are the accumulation of drifted soil material about and in the lee of scattered
vegetation, probably clumps of brush. The relation of the hardpan to the microrelief would indicate that in some regions the surface was smooth during the
period when the position and character of the hardpan was being established and
brought to approximately its full development and that subsequently the moiAnd
character of micro-relief was developed, while in other regions the soil has
maintained a natural movind surface probably from the late post-Pleistocene or
early Recent times. Surface rimoff and erosion are moderate except on the
steeper slopes. The native cover is shrubs, herbs, and grass with occasional
oak trees. The evidence of cover indicated by the occurrence of the natural
mounds would point to the existence of scattered bushes, possibly of sagebrush
or creosote bush type, followed by periods when the ground cover was more complete and may have consisted of herbs and grasses.
The surface soils to depths of 5 to 12 inches are brownish red to light
red, becoming very distinctly red when wet but bleaching to a yellowish or
grayish red when thoroughly dry. The immediate surface varies from granular to
platy in structure with granular to small lumpy subsurfaces. In the plowed
fields after being wetted, the surface bakes to a crust with a poorly-developed
mulch beneath it. TOien wet the soils are rather plastic, but as they are very
gritty with coarse angular fragments and contain considerable quantities of mica
this plastic tendency is decidedly masked. The soils are naturally porous and
also are very thoroughly penetrated by insect burrows. They are low in organic
matter. The reaction is moderately acid, the pH of representative samples varying from 6.0 to 7.2 and generally being about 6.5.
The upper subsoil to depths of 18 to 36 inches is red, or yellowish red,
the color being rather irregular but when wet the entire profile is strongly
red. The texture is a heavy clay, plastic and sticky when wet and drying to
hard angular prismatic structure that breaks to rather irregular coarse granules
and lumps. The subsoil is very gritty with many coarse angular fragments and
considerable sand, but the colloidal content (15 to 30 per cent) is so great as
to dominate entirely the structural and consistence characteristics. Usually
the colloid in this subsoil horizon is 2 to 3 times greater than in the surface
soil. The structural \mits are coated with colloids, the outside being distinctly redder and browner than is the mass of the aggregate. The clods are
naturally dense but are bored through by very many insect burrows, giving a
greater degree of porosity and permeability. These subsoil horizons are usually
about neutral, the pH varying from as low as 6,5 to as high as 7,5, but usually
being close to 7. They rest abruptly on a rock-like hardpan of red, yellowish
red to brownish red color. This hardpan consists of soil material cemented together by deposited sesquioxides, colloids and other materials to a dense hard
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consistence that is not modified in any way by viater. The topmost part of the
hardpan is densest and usually is rather platy in structure, the immediate surface usually being made up of scales heavily cemented -with iron and in some
places resembling an impure hematite. The deeper portions of the hardpan are
not so hard as the immediate surface, but all is rook-like in character. Ihen
this hardpan material is ground up to a fine powder the cementing materials cannot be gotten back into colloidal condition and representative analyses show a
colloidal content of from 3 to 8 per cent. The reaction is usually basic with
a pH from 8 to 8,5, but the layer is noncalcareous. The substratum beneath the
hardpan is pervious materials resembling the soils. They may be of variable
texture from sands to loams or clay loams that are not cemented and that are
pervious to roots and water. In this characteristic the San Joaquin soils are
distinctly different from the Rocklin in which the hardpan rests directly on a
rock-like substratum of different geological age. The Sa^ Joaquin hardpan is
a subsequent development formed by the cementing of a subsoil layer and is the
direct result of soil weathering processes. The substrata vary in their reaction and usually are basic but not calcareous.
The following description of a profile of San Joaquin sandy loam near
Fresno which, although more basic in reaction than typical is fairly representative of the series as a whole:
Surface cover of grass and weeds. Sample from about half way up the slope
of a low mound, No organic accumulation on surface,
A]_ - 0 to 5^ inches. Dark reddish brown sandy loam containing considerable
grass roots. It is quite red when wet but fades to a reddish brown
whey dry. It breaks to small clods and lumps of irregular size and
shape and of a firm consistence. The soil has a tendency to form a
surface crust as it dries, pH 7.6j colloidal clay 5,02; carbonate 0,205.
^1 " 5-3 to 18 inches. Brownish red gritty sandy loam quite red when wet but
fading toxvard a brown as it dries. 'When wet it is plastic and sticky,
but it dries hard and tough, with a compact massive structure and a
hard consistence, pH 7.7; colloidal clay 5.70; carbonates 0.230.
B2 - 18 to 23'g- inches. A brownish red heavy sandy loam containing considerable colloidal clay, very plastic and sticky when wet, hard and tough
when dry, shrinking and cracking to irregular clods of varying sizes.
pH 7.7; colloidal clay 11.45; carbonates 0.390,
B3 - 23-|- to 41'|- inches. An indurated, impervious hardpan, very dense and
hard in the upper portions, less so in the lower sections. The upper
part is quite red in color, with streaks of yellowish brown and light
brown in the lower parts. The hardpan exists as a continuous sheet,
with a few cracks and rarely scane irregular holes. It is impervious
to roots or water and, except at the cracks, definitely limits their
penetration, pH 7,8; colloidal clay 2,28; carbonates 0,255.
"^1 "• ^^a "to 61 inches. Brown sandy loam, pervious, friable, and breaking
readily to a crumb structure. This horizon shows some evidence of
clay accumulation in the upper parts, but in the main appears to be
unvreathered parent material quite similar to the Hanford in most of its
characteristics, pH 7.8; colloidal clay 2,21; carbonates 0,440.
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In their natural condition the soils are utilized for pasture or under
dry-fanning methods for grain and grain hay. The yields arc low and depend upon
the seasonal amount and distribution of rainfall. Under irrigation grapes are
grown, on large acreages with smaller areas devoted to peaches, fiGs, and other
deciduous and subtropical fruits. The shallow depth of soil above hai-dpan very
decidedly limits the use of these soils for fruits aaid crops» In orchards the
hardpan is usually broJcen by explosives which permit the penetration of vra-ter
and roots through the fractured hardpan to the pervious substratuin. With the
hardpan vrell broken by explosives, the soils are utilized very extensively for
deciduous and subtropical fruits with good growth of trees and vines and fair
to good production. It is rare that the hardpans can be sufficiently broken to
give good production with deep-rooted field crops, but shallow-rooted crops and
vegetables are frequently grown. Ihere the hardpan is not broken or v/here holes
are at vdde intervals, irrigation water must be handled with great care, otherwise overirrigation causes considerable damage to the roots in the lovrer subsoil.
Irrigation voider such circumstances must be frequent and the amount applied at
any one time rather limited, but when the hardpans are well broken and roots
distributed in the substratum, heavier irrigations are possible and the period
between applications caji be very materially lengthened. The soils naturally
are not very fertile, having been very thoroughly leached and much of the available nutrients fixed in the process of soil vreathering.
The soils have been mapped over an area of about 933,000 acres. It is
probable that detailed mapping with careful examination of the substratum beneath the hardpan will reduce this area to some extent and throw same of these
soils into the Rocklin series. It is known that as now mapped on the Reconnoissance Surveys of the Sacramento and San Joaquin valleys considerable areas
indicated as San Joaquin actually have a Socklin substratum. From the consideration strictly of the soil profile, there is no material difference be'fcween the
San Joaquin and Rocklin soils, but from the economic standpoint the substratum
becomes of great importance. Where it is possible to break the hardpan and
permit the penetration of roots and water into the substrata as in the San
Joaquin series, the possible utilization of the soil is very lauch broadened,
whereas in the case of the Rocklin series the use of explosives to break the
hardpan is of very little value. The San Joaquin series is not only related to
the Rocklin in character, but also the lïadora, which in maiay ways is quite similar, except that it is often calcareous in tiie deeper subsoil and the hardpan.
The San Joaquin is the mature member of the San Joaquin family, which starts
with the Hanfoi'd and has weathered through the Greenfield, Ramona, sjid Placentia
conditions to the mature hardpan profile. It is not only one of the extensively
developed series in California, but also from the standpoint of soil science is
of very great interest and importance.
Rocklin Series
The Rocklin series are mineral secondary noncalcareous pedocalic siallithous soils forraed of transported material of mixed geological origin but
mainly derived from granitic rock sources. They are weathered from old PlejHtocene or post-Pleistocene materials that were deposited upon older eroded pencplained surfaces. They occur mainly under Mesothermal "Olive" (Csa) clifiiate
with 15 to 20 inches of rainfall during the warm winters folloived by characteristic hot dry summers. Some of the occurrences extend beyond the limits
ascribed to the Csa climate into regions that approach the "Desert Steppe" (BWh)
condition. They occupy undulating to rolling plains that have very gentle
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slopes. The micro-surface shows many low natural mounds, although these are
not so characteristic as they are on the related San Joaquin series. Subdrainage is restricted, while surface runoff is slow to ftoe. Erosion is usually
moderate. The natural cover was herbs and grasses with scattered oak trees.
The surface soils to depths of 6 to 15 inches are brownish red in color,
becoming quite red when wet and drying to a pale bleached red. The immediate
surface develops a thin platy structure with a fine granular condition beneath
it somewhat like a thin orust-muloh, while the subsurface develops a typical
granular or fine lumpy structure. When wet the soils are quite sticky and
naturally porous with numerous insect burrows» The reaction is slightly acid,
the pH being usually from 6.5 to 6,7,
The subsoils may show several definite horizons or may show only two.
The upper subsoil, if present, is brownish red, moderately heavy textured,
usually a gritty sandy loom or sandy clay loam that is quite plastic when wet
and dries to moderately hard clods. It is slightly acid in reaction and quite
porous with many insect burrows. This layer varies from 2 to 3 inches to occasionally as much as 12 inches in thickness. The lower subsoil is red to yellowish red, dense heavy clay, highly plastic when wet and drying to an imperfectly
prisnatic structure. The prisms break to angular hard clods that are heavily
coated with colloids. The reaction is acid, the pH usually being from 6.4 to • .
6,6. The lowest subsoil horizon is a red or yellowish red hardpan, cemented
to a firm rock-like condition. The upper portion is somewhat platy and exceedingly hard, while the lower part is massive and somewhat variable in its hardness and density. The hardpan is from 1 to 10 inches or more in thickness and
rests directly on a substratum of reddish brown to gray sandy clay that is
indurated to a condition of soft rock. This substratum represents an older
geological formation upon which the soil material was deposited and in the process of weathering the hardpan has developed immediately on top of the substratijm. In some places the true hardpan does not occur but the upper portion
of the substratum is itself more or less consolidated material carried in from
the soil.
In their natural condition the soils are utilized mainly for range
pasture and dry-farmed grain, the returns being low and dependent largely upon
the seasonal rains. Irrigation is available over only limited areas, where
vegetables, berries, strawberries, grapes, and some fruits are being grown.
Growth of these crops is limited by the shallow depth of the soil above the
hardpan. Trees rarely do well and where they do grow to fair size they are frequently blown over during the winter when the soils became saturated and their
power to hold the roots is weakened. In some sections Ladino clover has made
a good growth and appears to be a promising forage crop on these soils. The
soils have been mapped over an area of about 40,000 acres lying on the east
side of the Sacramento and Sein Joaquin valleys. This acreage will be materially
increased with the extension of detailed surveys in these valleys as it is
known that extensive areas that are shown on the Reconnoissance maps as the San
Joaquin series conform more directly to the conditions of the Eocklin, The
major difference between the San Joaquin and Rocklin series is the presence of
the heavy substratum beneath the latter. The hardpan condition of the Rocklin
cannot be improved by the use of explosives as dynamite would only break a hole
or pocket in the hardpan and substratum without improving drainage, whereas with
the San Joaquin series breaking the hardpan in this way permits better drainage
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and root penetration. The Rocklin soils, while having approximately the same
general crop adaptations, are thus definitely inferior to the San Joaquin
soils in actual and potential value.

MADERA. FAMILY
The Madera family is composed of mineral secondary pedocalio siallithous
soils that are weathering to a mature condition of "iron hardpan" or "Itme-iron
hardpsai" profile. The family is not so complete as is the San Joaquin as there
are several vacancies in the sequence of progressively weathesred series. It
starts with the Hanford or with soils very similar in character and progresses
through the Chualar and Delano to its mature expression in the Madera series.
The series in the family are all quite comparable in profile to those of the
San Joaquin family, but usually are darker in color and in the older members
much browner. The reasons for these differences may in part be due to differences in the composition of the parent material and in part due to a more persistent deposition ajad accumulation of material on the surface during the processes of weathering. The soils have been formed imder conditions of good
drainage and have been leached by flood waters in the same manner as are the
members of the San Joaquin family. The less weathered members contain little
lime but the older series are calcareous and the fully mature Madera contains
appreciable lime accumulations in the hardpan. The Ifeidera family lies between
the San Joaquin and Tubac families in degree of leaching and extent of base
accumulation. The Delano and Madera series are herein described.
Delano Series
The Delano series are mineral secondary pedocalio siallithous soils
formed from transported material very largely granitic in origin, but with some
admixture from basic rocks. They are formed under Macrothermal semi-desert
(Blh) climates with rainfall usually less than 10 inches, all falling during
the mild and rather warm winters and followed by very hot and dry svimmer seasons.
The soils have reached the immature stage in profile development with very definite accumulations of clay and lime in the subsoil and have many of the characteristics of the "Chestnut earth" group of soils. They occupy old alluvial
fans that have been more or less eroded to an undulating or slightly rolling
topography with many areas of very gentle slopes. The surface is usually
smooth but occasionally has some low natural mounds. The native cover is
sparse girass with some shrubs of the desert type, mainly sagebrush. Drainage
is good and runoff rare. When occasionally severe arains occur, surface runoff
may cause severe local erosion.
The surface soils to depths of 12 to 18 inches are generally a shade
of brown ranging from light brown to dull or slightly reddish brown. Ihen
moist the color becomes darker and the reddish tint more pronounced, but when
dry they appear qpiite grayish. The soils are decidedly gritty with considerable
amounts of angular quartz fragments and some small angular gravels. The surface
packs to a rather weak crust over a slight development of mulch. The surface
horizon naturally breaks to a granular or small lumpy tilth that is easily
broken down to a single-grain or fine-granular tilth. It is faintly plastic
when wet and basic in reaction with pH between 7»0 and 8.0.
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The subsoils to depths of 3 to 5 feet are bro-vm to reddish brown in
color with a rather high content of colloidal clay. When wet they are decidedly
plastic in spite of the large quantity of grit and coarse sand and when dry
they become decidedly hard. On drying shrinkage cracks develop a rather coarse
cloddy structure with a suggestion of the formation of columns in the lower subsoil. The subsoils are calcareous, the lime being disseminated through the mass
and also appearing as incrustations on the gravels and as occasional concretions.
The substratum resembles the subsoil, but usually containo less lime and is
often rather definitely stratified. Both surface and subsoil ai-e very thoroughly penetrated by insect burrows which extend vrell into the substratim.
These make the soil very open and enable it to absorb water readily.
Under dry-farming conditions the soils are used mainly for range pasture
with large areas sowed to barley. Yields are generally low except in years of
very favorable rainfall when good yields may be obtained. Crop failures due to
drought are quite frequent. When irrigation water is available the soils are
utilized for a wide variety of crops. Alfalfa, potatoes, sorghums, and other
field crops are extensively grown. Grapes, peaches, apricots, and in locations
that are relatively frost-free, oranges, have proved quite productive. The
soils are fertile and although at the present time only a small area is irrigated, they constitute a reserve of fruit and crop land of potentially high
value. The series was established in the Reconnoissance Surveys of the San
Joaquin Valley where it has been mapped over an area exceeding 263,000 acres.
It was recognized that as -mapped the series included considerable areas of
other closely related soils, and when detailed sujrveys are completed in this
region, the total area will probably be cut to less than two-thirds of this indicated acreage. It is probable that the series will be found only in the Saji
Joaquin Valley, although there may be some areas in the southwestern portions
of Riverside County.
Madera Series
The Madera series are mineral secondary pedocalic siallithous soils
formed from transported materials of somewhat mixed geological origin but derived in the main from granitic rock sources. The parent material is in part
composed of Pleistocene sediments mixed with more recent material that has been
washed over and intermingled with the old deposits. They are found in regions
with climates that vary from Mesothermal "Olive" (Csa) to Macrothermal "Hot
Steppe" (BSh). The rainfall varies from 10 to 15 inches with mild winters and
hot dry summer seasons. The profile is usually mature, having a well-developed
sesquioxide-cemented hardpan that contains variable amounts of lime. The subsoil above the hardpan is also heavy textured and shows an advanced stage in
clay accumulation. The soils occupy sloping to undulating plains with a microrelief characterized by nTjmerous low natural mounds, locally referred to as
"hogwallows." Over considerable areas of the Madera soils the mounds are minor,
but on some sections they are numerous and of considerable size. Subdrainage
is restricted by the dense clay subsoil and by the impervious hardpan. Surface
runoff is usually limited because of the low rainfall, but when it occurs considerable erosion may result. The native cover was shrubs, herbs, and grasses
but most of it has been modified or destroyed by grazing and by cultivation.
The surface soils to depths of 6 to 12 inches are brown to light brown,
becoming darker and somewhat reddish when wet. They bake to a crust with a
slight development of crustf-muloh structure and break rather readily to a firm
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granular tilth. The soils contain large quantities of angular quartz fragments,
making them quite gritty. They are naturally porous and in addition have a
very large number of insect holes. The soils are slightly acid or neutral in
reaction and have a low content of organic material.
The subsoils are brown to reddish brovvn in color, heavy textured,
plastic when wet and drying to hard clods that show a tendency tov/ards tlie development of prismatic structure. The clods are dense except for the cracks
and the rather numerous insect burrows. The subsoils usually extend to depths
of from 18 to 36 inches, the upper portion usually being neutral to slightly
basic, while the lower portion is basic and often slightly calcareous. The
lime varies greatly in amount and distribution but usually the quantities are
very small. The hardpan horizon is brown to reddish brown in color, firmly
cemented to a hard rock-like mass, with colloidal clay and silica and sesquioxides forming the cementing materials. Lime occurs in seams through the hardpaja and forms one of the minor cementing materials. The hardpan has been built
up by precipitation of dissolved and suspended material washed down from the
surface soils. The lower portion of the hardpan is less indurated, the accumulation of cements in the upper layers being greater and giving the hard or
rock-like character. The hardpan is usually from 1 to 3 feet in thickness,
T/ïhere it is thicker, the land surface is usually smoother and gives evidence
of having been built up by later deposition of transported material. This
newer soil supplied the additional colloids and cementing materials that served
to build up the profile, making the hardpan layer progressively thicker. The
process is exceedingly slow and the accumulation must have continued over a
very long period. The regions having the deeper soil and thicker hardpan have
smoother slopes and fewer natural mounds, while those regions having the
shallower soil above the hardpan and the thinner hardpan layer usually have
many more and better developed mounds.
The substratvim may be permeable soil-like material or may be a geological substratum wholly unrelated to the soil. In the case of the red soils of
similar character these two conditions have been separated, the profile having
the unconsolidated substratum being correlated as the San Joaquin series, while
that with the hardpan resting on a geological substratum has been correlated
as the Rocklin, The far thicker and denser Madera hardpaxi has so dominated the
character of the profile that this separation has not been made. The natural
mounds that characterize the surface of much of the Madera soils are apparently
due to the accumulation of wind-transported material about a scattered vegetation. In most cases the surface of the hardpan does not show ajiy relation to
the surface configuration of the natural mounds, indicating that they have
been built on the surface after the hardpan location had been established. In
a few cases the surface of the hardpan reproduces to a certain extent the general configiuration of the surface soil with the depth of soil above the hardpan
approximately the same both on the mounds and between them. In such locations
the hardpans are thinner and it is probable that the formation of the mound
antedated the original development of the hardpan and that thereafter the location of the mound was maintained in a fixed condition by a more complete vegetative cover. The Madera soils, with the San Joaquin, Rocklin, and Redding,
are the most maturely developed soils within the state and as such are of very
distinct pedologic interest.
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Under dry-farming conditions the soils are utilized for the production
of barley, wheat, and for range pasture. The soils absorb water readily during
the rainy season, but the shallow depth above the hardpan and the heavy clay
subsoil reduces the amount of available moisture, Yiihere the soils above the
hardpan are deep, dry farming gives better results, although in years of well
distributed and ample rainfall fair yields are obtained from the shallower
areas. Under irrigation the depth of the soil and the character of the profile
determine to a very large extent the success with which crops can be produced.
If the hardpan is not too thick it may be broken by explosives. This improves
the subdrainage and makes possible the penetration of roots through the broken
hardpan into the softer soil material beneath. If, however, the hardpan. is
underlain by a hard dense substratum, breaking with dynamite is of little benefit, as water stands in the holes and drainage or root penetration will not be
improved. Under irrigation the soils are utilized mainly for grapes, peaches,
apricots, and figs, with other deciduous and subtropical firuits grown to greater
or less extent. Irrigation water must be handled with great care. If too much
is applied the subsoils become saturated and root in^iury results, -whereas if
applications are too light or infrequent drought injury occurs. ViTith careful
irrigation the deeper soils give fairly good yields. The natural fertility is
only fair and the soils for continual production need applications of fertilizers and manures. The soils have been mapped over an area of about 775,000
acres. Much of this has been mapped on the Reconnoissance scale and it is
probable that the total area will be considerably reduced when these areas are
mapped in detail and included bodies of soils of different character are separated out. Forty per cent of the area as mapped is made up of sandy loams and
46 per cent of loams and clay loams. The soils have been mapped mainly in the
San Joaquin and Sacramento valleys, with smaller areas in parts of southern
California, The soils correlated as Ifedera in the Santa Maria Area do not have
the profile characteristics typical of this series, but probably are a modification of the Tangair series. The soils correlated as Madera in the Healdsburg
Area are not typical and should be correlated with some other series as yet unknown. In most of the other occurrences except for the inclusions already
mentioned in the Reconnoissance Surveys, the soils are typical of the series as
described. They constitute very extensive areas of soils of medium quality
suited by reason of their limitations mainly to specialized crops.

TUBAC FAMILY
The Tubac family is composed of mineral secondary pedocalic siallithous
soils that are weathering to a mature condition of lime-iron hardpan (Calciferrosaxevim) profiles. In the direct line the family is nearly complete, starting
with the imweathered recent alluvitxm of the Cajon and progressing through the
Hesperia, Adelanto, and Mohave to the mature Tubac. They occupy the confluent
alluvial fans that form the sloping borders of the desert basins and in many
cases the upper part of the fans extend almost to the top of the mountain mass
from which they have been weathered. The soils have been leached only in the
earlier stages and then by the flood waters from the adjacent uplands and
mountains which usually carry sediment that in itself is often calcareous. The
soils are generally calcareous throughout, although some members, notably the
Hesperia, do not have lime present in the surface horizons. All of the soils
have been subject to considerable wind erosion which serves to plane off the
surface removing the finer material and leaving behind a cover of coarse fragments ranging from sand to cobbles, that form a desert pavement and serves to
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prevent or retard further erosion. The soils as they are seen in the field are
grayish in color, but this is due largely to the presence of the coarse lightcolored fragments on the surface. The fine material is pinkish to light red
and this family of soils probably belongs in the world group of Red Desert soils.
Genetically they are related to the San Joaquin and Madera families of welldrained soils and to the Fresno family of poorly-drained soils. They differ
from the two former mainly in characteristics that are dependent upon weathering and illustrate the influence of climate in determining the character of the
ultimate profile that is derived from similar parent material,
Cajon Series
The Cajon series are mineral secondary pedocalic siallithous soils
formed from transported materials derived almost wholly from granites. The
soils occupy alluvial fans and floodplains and have a recent profile with no
evidence whatever of weathering. TOiile essentially desert soils, they are liable
to be flooded during any period of heavy rains in the mountain regions, and are
being actively built xip by deposition of fresh sediment from these uplands, each
flood bringing down its increment of new soil material, Ihere the soils occupy
stream bottoms, as for instance, along the Mojave River, either deposition or
local erosion may take place, depending upon the accidental deflection of the
flood water currents. The soils are formed in desert and semi-desert regions
having Macrothermal (BT/Vh) climate with very lov: rainfall. In their present
position they show no influence of climatic factors, their calcareous character
being due to inherited lime that was developed during the formation of the
primary soils in the rather arid upland regions whence the parent material has
been eroded. The soils occups;" smooth slopes, more or less cut by recent stream
channels. Subdrainage is good except where the water table is high. The native
cover is usually creosote bush and bunch grass on the alluvial fans and willows
and grasses on the floodplains.
There is very little difference in the character of the soil to depths
of 6 or more feet, tlae profile being modified only by stratification. The surface soils are light grayish brown to light brownish gray in color, loose and
single-grained. They are usually calcareous, the amount of lime varying from a
very small to a very high quantity. The subsoils are light grayish brown to
light brownish gray in color, loose, porous, and without any characteristic
structural arrangement. They are calcareous throughout, the amount of lime
varying within short distances. "Where the soils occur on the alluvial fans
they are generally free from alkali, but on the floodplains alkali is coirauonly
present.
Under dry conditions the soils are practically useless, affording very
limited pasturage. With irrigation they are quite productive. On the alluvial
fans and floodplains alfalfa gives good yields of a high quality hay. Pears and
peaches are grown, but in the desert areas both trees and fruit suffer from the
high winds that are common in the region. In the desert regions no crop other
than alfalfa has as yet been found to be economically successful, but under less
rigorous climates many truck and field crops are successfully produced. In the
San Joaquin Valley the Cajon soils are producing peaches, apricots, grapes, and
other fruits, alfalfa, potatoes, grain, and other field crops. The soils on
the floodplains that are affected by alkali accumulations can be readily reclaimed if the water table is lowered and drainage made available. All of the

«ffr-Wi»'

^•%, «fM kjt

h<aiWi,*'i^rif

1^^

siï s«i;6«r x^mA 1» Sof IÖC

'

'

wstffl, ^ ' t »

' '

^

S
' ,- -

*

'

-* ^ @xfT

t < i f i | *jïo ^'•um «*©<|M» jftooffls "^«ïiiëö©" S l l ^ s «tt*

i

t- <

>4iJ|t &

55.
soils mapped in the Cajon series are sajids suid sandy loams, the latter constituting ahout 83 per cent. A total of about 105,000 acres have been mapped,
much of it in the Mojave Desert region with other areas in the southern and
central portions of the San Joaqiiin Valley,
Hesperia Series
The Hesperia series are mineral secondary pedocalio siallithous soils
formed of transported materials from granitic rook sources. They occur under
"Hot semi-desert" (BWh) climates with rainfall below 8 inches, usually with
mild to cold winters and very hot and dry summers. The parent material is
derived mainly from the soil cover of granitic mountains that has been eroded
from these uplands by the occasional severe rains and carried out and deposited
as alluvial fans in the valleys. The rate of accumulation is slow, deposition
occurring at rather long intervals, but when sufficient runoff occurs to carry
water out on the alluvial fans much sediment is deposited, sometimes to depths
of several inches. Such periods of deposition, however, may be many years
apart. Weathering proceeds during the interflood periods but the rainfall is
so limited that the profiles of the Hesperia soils are still in the youthful
stage. They are probably the younger members of a "Red Desert" family, which
has as its most mature member the Tubao series, having a typical hardpan with
lime and sesquioxide as cementing materials. The Hesperia is probably developing in the same direction, but its profile shows only a very slight accumulation of colloidal material in the subsoil with minor accumulations of lime.
It has reached about the same stage as the Greenfield series of the San Joaquin
family. The soils occupy sloping alluvial fans that together form a broad sloping plain between the flatter portions of the valley and the adjacent mountains.
Surfaces are smooth except when out by occasional stream channels or when slightly modified by wind erosion. The immediate surface of the sandier types is
usually somevirhat modified by wind erosion with accumulations of sand in the lee
of the scattered vegetation. The cover is sparse and varies with location» In
the Mojave Desert it is generally a creosote bush association, while in the San
Joaquin Valley it was usually a sagebrush association. The soils are well
drained and are not subject to erosion, there being not enough rain to cause
more than very local runoff.
The surface soils to depths of from 1 to 3 feet are light grayish brown
to brown, becoming somewhat darker and slightly reddish in tint when wet. They
develop a crust-mulch structure which, however, is usually not very pronounced
and they break to a granular or single-grain tilth. The soils are porous with
many insect burrows. They are highly micaceous and also contain large quantities of angular grit or crystalline fragments. Reaction is basic, but the
soils are nonoalcareous. T/ïhen viewed in the field the soils have a grayish
appearance due to the many angular quartz fragments on the surface and as they
contain small quantities of a pinkish-colored colloidal clay, the combination
of the coarser and finer material gives the soil its characteristic color.
The subsoils are light grayish brown to light reddish brown, becoming
darker and redder when wet. They contain a colloidal clay that is distinctly
pinkish to reddish in color and is 2 to 5 times that of the surface soils, but
the total amount being low it is not sufficient to make the subsoils plastic.
'When dry, however, it causes the material to stick together in fairly finn
aggregates which can, however, be easily broken to a granular tilth. The subsoils are mildly calcareous, the lime being disseminated throughout the lower
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portion and usually increasing in amount with depth. The deeper sxxbstratum is
essentially the same as the subsoil, though often more stratified.
Under natural conditions the soils are of very low agricultural value.
The climate is too dry to permit successful dry farming, although occasionally
some optimistic settler will plow and plant areas to grains or sorghums. Growth
is usually very limited and yields insignificant. In the San Joaquin Valley
these soils, with irrigation, are utilized for grapes, apricots, peaches, and
other fruits, and for potatoes, cotton, alfalfa, grain and other field crops.
Yields are high and the soils are among the most productive in the region. In
the Mojave Desert areas the soils are extensively utilized for alfalfa, the
quality of hay being particularly good and the yields fair. Pears and apples
are also grown on considerable acreages. The quality is excellent and in many
regions the fruit is nearly seedless. Fruit production in the desert is difficult even when the soils are favorable. The soils have been mapped over an
area exceeding 500,000 acres in the southern San Joaquin Valley and in the
Mojave Desert. Approximately two-thirds of the area has been mapped as sandy
loam and one-third as sand. As surveys are extended it is probable that a very
much larger area of Hesperia will be found. The soils are of high quality but
in most locations they are not usable because of lack of water. The soils are
somewhat older than the Cajon and their parent material is largely derived from
soil whereas the Cajon is in large part made up of pulverized rock material.
They are more youthful than the Adelanto, which occupies the same alluvial fans
but usually farther out on the flatter slopes and on the desert plains.
Adelanto Series
The Adelanto series are mineral secondary pedocalio siallithous soils
from transported material of granitic rock origin. The soils are formed \mder
"Hot Desert" (Blllh) climate with rainfall below 8 inches, most of it coming during the winters, with very small amounts occurring during the long hot dry
summer seasons. The soil profiles are generally immature in development with
highly calcareous olaypan subsoils. The soils occupy gently sloping old alluvial fans which in some locations have been cut by erosion to an undulating or
rolling surface with some areas of smooth terrace remnants bordered by steep
slopes. A very considerable part of the soil material was probably soil in the
mountains and uplands that was eroded from its original location, transported
and deposited by the occasional severe storms that produce floods extending
across the desert fans. Such floods and deposition periods occur only at long
intervals and the upbuilding of the fans now occupied by the Adelanto series
has evidently been a very slow process. Some areas of Adelanto are still subject to a rare period of flood, but in most oases earth movements have so
altered the slope that the Adelanto series is subject to some erosion and
degradation instead of deposition. The native cover is creosote bush association, the density of the stand and spacing of the brush depending upon the
amo\mt of rain in the particular locality. Subdrainage is good. Wind erosion
is common, the finer particles being blown away leaving the coarser fragments
as an erosion pavement. With the gravelly members this erosion pavement approaches a desert pavement in character, while with the finer-textured types
the result is a covering of the soil with a somewhat coarser sand and some
angular rock fragments.
The surface soils are grayish brown to reddish brown, appearing more
gray in the fields due to the wind erosion leaving the coarse quartz sand
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exposed on the surface. The finer material of the soil is grayish broim with
a pinkish or reddish oast. The Adelanto soils do not ordinarily form the typical crust-mulch structure, but show tendencies in that direction. The surface
soils are loose, porous, noncaloareous and neutral to slightly basic in reaction.
They contain practically no organic matter, although there are always present
some undecayed stems and roots of the season's vegetative growth.
At from 10 to 20 inches the soil grades to the upper subsoils which are
irregularly colored, reddish brown to brownish red, with some streaks of gray.
They are coarse and gritty in texture, with sufficient colloidal clay and lime
to be somewhat cemented. When dry they break to very hard clods and lumps, but
when wetted they become soft and plastic, the plasticity being masked by the
quantity of sand and coarse grit. It is highly calcareous, the lime being disseminated throughout the subsoil and also segregated in seams and nodules. The
lower subsoil is irregularly colored reddish brown to brownish red, of coarse
gritty texture with a high content of reddish-colored colloidal clay. When dry
it is very compact, hard, and appears to be cemented, but when wetted it softens
and in spite of the high content of particles is quite plastic. The subsoils
are more or less stratified and variable in texture. The colloidal clay appears
to cement the finer strata to a greater extent than the coarser, giving a rather
irregular condition of consistence. The substratum is stratified calcareous
sediments, some of them very loose and open, while other layers may be quite
compact sind more or less cemented. In many cases they suggest buried soil
profiles.
The soils have a low water holding capacity. They absorb water readily
at first but the surface soon tends to seal over, thus promoting runoff. This
appears to be due to the colloidal clay that is present in the surface soil.
They have very little agricultural value in their natural conditions, although
used for desert range pasture. Under irrigation they have been used for fruit,
mainly apples and pears, and for alfalfa. The depth to water is usually very
great and the cost of pumping water for irrigation makes the production of
crops on the soils expensive. The natural low content of organic matter promotes certain physiological disturbances in the trees and rosette is common,
particularly with the apples. The growing of alfalfa between the tree rows
helps materially with this trouble. The soils have been mapped over an area of
about 100,000 acres, most of it in the Mojave Desert, with some small areas in
the southern part of the San Joaquin Valley. Obser-vations indicate that there
are much larger areas in other parts of the deserts in southeastern California.
In practically every case the water supply is decidedly limited and it is
doubtful whether the series aro ever extensively developed. As mapped, over
60 per cent are sands and about 40 per cent sandy loams. The soils are related
to the younger Hesperia series and to the older Mohave series as members of the
Tubac family of reddish desert soils.
Mohave Series
The Mohave series are mineral secondary pedooalic siallithous soils
formed of transported materials originating mainly from granitic rocks with a
greater or lesser admixture of material from other rock sources. The soils are
found under Macrothermal arid "Hot desert" (BTOi) climates, usually with loss
than 8 inches of rainfall. The rainy season is not concentrated but most of
the rain,falls during the colder part of the year. It has little effect on
the Soil, usually wetting it to very shallow depths. During the winter there
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are short periods of rather cold temperatures with considerable frost, but the
summers are ejcoeedingly hot and dry. The profile is in the semimature stage
of development with a dense olaypan that is highly calcareous and occasionally
somewhat cemented with lime. The soils occupy sloping old alluvial fans that
in places are rather undulating and where cut through by drainage ways have
local steep slopes. Subdrainage is poor but the soils are never wetted enough
to give expression to this condition. Runoff is rare but occasionally a very
short severe rainfall will provide ample water for runoff and at such times
erosion may locally be quite severe. The native cover is a sparse growth of
desert shrubs, usually a creosote bush association.
The surface soils to depths of 10 to 18 inches are reddish brown to
grayish red, becoming distinctly more red when wet. They are very gritty, containing very large angular fragments of quartz and small irregular pieces of
disintegrated granite. The presence of the grit in the soil makes the dried
surface look much grayer than the soil mass really is. The surface bakes to
a crust after it has been wetted and develops a rather definite crust-mulch
structure, l/ïhen disturbed it breaks to a rather firm granular tilth. Much of
the surface is covered with a typical desert pavement that varies in character
from a complete gravelly cover to a more or less complete cover of coarse angular sand and fine gravel. The soils are naturally porous with many insect
burrows and frequently with numerous rodent burrows, and are usually basic and
often slightly calcareous.
The upper subsoil is of reddish brown color and heavy texture, usually
with a coarse cloddy structure that in places develops a semicolumnar or
prismatic structure. The clods have many secondary cracks and under pressure
they break to irregular lumps which are usually coated with a reddish-colored
colloid. When wetted this horizon is plastic and quite sticky. It is calcareous and usually extends to depths of from 3 to 5 feet. The deeper svibsoil is
of mixed red to gray color, dense, and heavy textured, plastic when wet and
breaking to irregular clods when dry. It is very highly calcareous and some
of the layers are weakly cemented. This deeper subsoil or substratum continues
to a considerable depth without material variation.
Under natural conditions the soils are of little or no value. Small
areas are irrigated and devoted to alfalfa, pears, and occasionally to some
other crops. Yields are usually low. The heavy subsoils retard deep penetration of moisture and irrigation water has to be applied with care to prevent
root injury by temporary poor drainage. Most of the areas of Mohave soils are
above available water supt)liesi and as there are much better soils in the
related Adelanto and Hesperia series that usually are present in regions where
Mohave soils occur, the limited water supply is more advantageously used on
these younger soils. The Mohave appears to be the semimature member of a series that reaches its full development in the Tubac series. Mohave soils have
been mapped over an area of about 75,000 acres in California, nearly all of it
in the Mojave Desert region. It is probable that a considerably larger area of
the same soils exists in the deserts of California and it is known that large
areas occur in Arizona. It is of little present or future agricultural value.
Tubao Series
The Tubao series are mineral secondary pedocalic siallithous soils
formed of transported material, mainly from granitic rock sources. They occur
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under Macrothermal "Hot Desert" (BWh) climate with rainfall under 12 inches.
Soil profiles aro apparently mature with the upper subsoil having a typical
"solonetz" morphology, and the lower subsoils consisting of lime-cemented hardpan layers. The soils occupy remnants of old alluvial fans that now exist as
elevated, steeply sloping, fragmentary terrace-like areas between the more
recent alluvial fans and the mountains which border the desert valleys. The
surface is smooth except for infrequent erosion channels and gullies, but the
rather uniform cover of typical desert pavements indicates that there has been
a small amount of stripping away of surface soil by wind or water erosion. The
soils are naturally well drained, although if there was any amo\mt of precipitation in the area where they occur, subdrainage would be decidedly restricted
because of tho character of the subsoil and surface erosion would be very
severe. That neither condition occurs is due to the very limited rainfall and
the character of the rainstoïTns. The native vegetation represents a transition between the creosote bush and the desert grassland types. Cholla cactus,
creosote bushes, ocotilla, palo verde, and mssquite are widely spaced and the
ground surface between is occupied by a sparse to complete cover of desert
grasses.
The surface soils to ctepths of 2 to 8 inches are reddish brown, red or
dull red, friable and with a crust-mulch structure masked by the desert pavement of pebbles and small stone. They vary from slightly acid to slightly
basic with pH from 6,8 to 7.5. They contain very little organic matter and
usually are quite thin, due to wind erosion which carries away the fine material until further erosion is prevented by the accumulation of a complete cover
of the coarse fragments that are too heavy to be moved by the wind, thus forming the "deseft pavement."
The upper subsoils to depths of 10 to 14 inches are dark red, bleaching
to a rather grayish color when dry. They are of a very heavy texture and typical solonetz structure with round-topped columns. The columnar fragments are
very dense and hard when dry and waxy and plastic when wet, and though they
usually have a high content of sand and coarse grit they also have a colloidal
clay content that is 4 to 6 times that of the surface soils. This horizon is
basic in reaction with pH from 7.5 to 8.0, but is not calcareous. The deeper
subsoil horizons are more or less variable but include, close beneath the
columnar horizon, cemented layers of lime hardpans that resemble "caliche" in
appearance and character. The softer or less cemented horizons have high ccaitent of colloidal clay, usually 2 to 4 times that of the surface soils, but in
the cemented horizons most of the colloidal material has been fixed in an irreversible form and analyses show a present content but little above that in
the surface horizons. The substratum is stratified, with variable textures
and character. The characteristic profile of this series can best be indicated
by quoting a description published by M. H, Lapham ("American Soil Survey Association, Bulletin 13, page 46, 1932"). This sample was taken in the desert
near Uogales in southern Arizona.
"A

- 0 to 5 inches. Dark dull reddish brown to light reddish brown sandy
loam of somewhat coarse gritty texture, containing some fine gravel,
friable, slightly granular. Barren areas between desert shrubs and
other plants are frequently covered with well-developed desert pavement of waterworn pebbles with some larger stone. The pebbles are
covered on sides and upper surface m t h a characteristic desert varnish
of a bluish black vitreous highly burnished appearance. This horizon
is leached of lime but is mildly basic in reaction, with pH 7,42.
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"B^ - 5 to 12 inches. Dark dull red to deep red or maroon colored heavy
tight plastic clay of typical solonetz structure, columnar, the coliaims
1 to % inches in diameter, rounded on top, but breaking straight
across. The columnar fragments are much coated with dark-colored colloidal staining and there is a light sprinkling of leached gray siliceous material in cracks and on surfaces of the soil aggregates. This
horizon underlies the surface soil very abruptly, and is noncaloareous
but has a pH 7.77.
"B2 - 12 to 20 inches. Rich brown to light brown clay or heavy clay loam,
columnar, but with columns less well developed than in horizon abovej
colloidal glazing is less pronounced and the material is less tight
and impervious and is mildly calcareous and slightly mottled with lime
in the lower 'part, pH 8.71.
"Bg - 20 to 36 inches. Light grayish brown loam or light clay loam, slightly
columnar, columns irregular, fragile and breaking into rather soft
clods, much mottled with accumulated lime, pH 8.57.
"B^ - 36 to 44 inches. Similar to horizon above but of higher lime accumulation, compact and softly cemented, vesicular structure, pH 7.75,
(A soft lime hardpan.)
"B5 - 44 to 72 inches. Light gray, gravelly loam, highly calcareous, and
with lenses and layers of gravelly material firmly cemented by lime
carbonate, pH 8.10." (A lime hardpan.)
These soils have not been mapped in California, although it is believed
that small areas probably exist in portions of the Mojave Desert and the
Colorado Desert. They appear to be the fully mature member of the family which
includes the Cajon, Hesperia, Adelanto, and Mohave as less mature members. The
soils are of no agricultural value. Where found they occur above any possible
source of irrigation water supply in regions where the degree of aridity is too
great for use other than as sparse desert pasture. Even if water were available, the character of the profile is such as to prevent production of agricultural crops. The soils have been mapped only in Arizona where limited areas
have been found in the southern and central portions of the state. It is
probable that they are nowhere extensive.

FRESNO FAMILY
The Fresno family is composed of mineral secondary pedocalic siallithous
soils developing to a condition of a typical lime hardpan (Calcisaxeum) in the
mature profile. The family is not entirely complete, but is at present recognized as having the recent and only slightly weathered Foster as its youngest
member, with the Traver, Pond, and Fresno as successively older members. In
some locations it is probable that the development began with a recent soil
similar to the Hesperia, Hanford, Visalia, or Cajon.
The soils are derived from granitic rock materials that have accumulated
on the gently sloping to nearly flat outer margins of broad confluent alluvial
plains. The soils characteristically were subject to periodic flooding and to
annual high water table due primarily to waters that have come in from the
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adjacent uplands and moimtain pegions. They are formed under very low rainfall
usually well below 10 inches. The soils characteristically are poorly drained
and in their natural condition have continuous and persistent high water tables.
During the periods of floods the soils are leached by the flood waters, but because of the high water table> often less than 6 feet from the surface, there
is an active capillary rise and accumulation of soluble materials at the surface. The major portion of the entire area of soils of this family now shows
definite accumulations of soluble materials in the form of "alkali" and the
soils probably always were more or less affected by alkali accumulations. The
"alkali" materials are mainly the compounds of sodium, mostly chlorides and
sulfates, but with considerable quantity of carbonates. The soil profiles in
their morphology are "solonohak," although chemically they conform to the
"solonetz,"
This family is genetically related to the San Joaquin, Madera, and
Tubac families, and it is possible that its distinct character is due to the
drainage conditions under which the soils have weathered. The details of accumulation and weathering are discussed rather fully in the descriptions of the
several series.
Foster Series
The Foster series are mineral secondary pedocalio siallithous soils
formed from transported material originating from granitic rocks but to a considerable extent probably representing material eroded from upland areas of
Holland, Sierra, and related soils, transported and redeposited as alluvial
fans and outwash floodplains. It occurs usually under Macrothermal "Semidesert" (Blh) climates with rainfall below 10 inches but may be found in some
localities having a higher precipitation. The winters are generally mild and
the summers very hot. The soils are recent and shovir little or no evidence of
weathering, consequently show no response to the climatic environment. They
occupy gently sloping to flat smooth surfaces cut by some old stream channels
and are usually rather poorly drained with characteristically high water table.
The cover is variable but usually a mixture of grass, willows, and shrubs.
The surface soils to depths of 12 to 20 inches are dark brownish gray,
becoming black when wet but frequently drying out to a rather bleached dark
gray. They are incoherent, porous, and break to a loose granular tilth. They
are very highly micaceous and are usually neutral in reaction. About 5 per
cent of the area that has been mapped shows accumulations of alkali, mostly
salines. The organic matter is not high, but it is the cause of the dark color
as when treated with hydrogen peroxide the soils bleach out to a brown or grayish brown color.
The subsoils are brown to dark brown or dark grayish brown in color,
more or less stratified, and show little or no evidence of weathering. In
some oases there is some mottling due to persistent poor drainage. They are
very highly micaceous and calcareous, without structural arrangement and quite
porous. The subsoils at depths beyond 4 feet grade to a substratum of stratified sediments lighter in color but otherwise similar to the subsoils.
Under natural conditions the soils are utilized for pasture, for grain,
and in a few places where the level of the water table is rather stable and
fairly deep they are used for alfalfa, beets, and field crops, TAfhen drained
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and irrigated the soils are very extensively utilized for alfalfa, generally
as the basis of a dairy industry. Vegetables and truck crops, potatoes, sorghums, cottons, sugar beets, and other field crops are grown. Yields are generally good to excellent. The soils have been mapped over an area of more than
315,000 acres. The larger portion is in the San Joaquin Valley but the soils
are found in various parts of southern California, in the valleys to the east
of the Sierras and in the coastal valleys. In the San Joaquin Valley they have
been mapped mainly on the reoonnoissance scale and here some undifferentiated
areas of Chino and related series have been included. The soils are recent
members of the Fresno family and as such are related to the Traver, -which is
considered to be a stage older, and to the San Marcos, -which is also older,
poorer drained, and more alkaline. In many respects they resemble the Hanford
series but have been formed under conditions of poor drainage -whereas the
Hanford is characteristically -well drained. They are an extensive and important series in the state, but probably will not be found in other parts of the
country.
Pond Series
The Pond series are mineral secondary pedocalic siallithous soils
formed of transported materials derived mainly from granitic rock sources and
deposited on a broad plain of confluent alluvial fans. The soils are found
under Macrothermal "Semi-desert" (BTOi) climates with 5 to 10 inches of rainfall
coming during the mild winters and followed by very hot and very dry summer
seasons. The profile is rather variable, lying betiveen typically immature and
semimature stages of development. The subsoil characteristics are largely due
to weathering but this action has been more or less modified by the mode of
formation and accumulation of the parent material. The soils occupy flat plains
that are occasionally flooded during the period of winter rains or in early svimmer when melting snows on the high mountains cause extensive floods in the
rivers that drain out onto these plains. The relatively flat surface of the
plain is marked by many small temporary ponds or playas in which are accumulated
silt and clay carried in by the muddy -waters, while the adjacent inter-playa
areas are occupied by sandy soils which during the dry season are worked to a
slightly irregular surface by the drifting of the sand about scattered vegetation. If the playas are built up more slowly than the sandy areas of the plain
they may be buried under sandy material carried by new floods or by severe
winds and new playas will later be developed in other locations as successive
deposition builds up the land surface. This process gives a soil profile that
contains many lenses or plates of silty or clayey ma-terial separated and surrounded by sandy soil. These lenses act as filters and accumulate colloids
and soluble materials which may be carried dovmward through the soil mass. They
tend to become somewhat cemented and when dry are quite hard but when wet they
break down to a soft consistence. This process of aocimulation is identical to
that of the Fresno series and the Pond soils are in the earlier stage of -weathering that culminates in the Fresno. Through normal weathering action the upper
portion of the subsoil accumulates larger quantities of clays and lime than is
present in the surface soils and the Pond soils have a fairly well-developed
olaypan which, however, is not so conspicuous as in many other soils because of
the occurrence of the silty and clayey lenses. The topography is that of a
flat plain with a very gentle gradient. It is modified by some low natural
mounds caused by accumulations of sand about scattered brush. The native vegetation is desert shrubs and low bushes. Subdrainage is more or less restricted
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and the water table is naturally rather high. Runoff does not occur, the
soils occupying a surface so nearly flat that many small ponds exist during
the rainy season.
The surface soils to depths of 10 to 12 inches are gray to brownish
gray, rather irregular in color, developing a typical crust-mulch structure
with many areas having a hard alkali crust and others the soft fluffy alkali
efflorescence. They break to a granular tilth with soft to firm fragments.
The soils have a very low organic matter content, are naturally porous and
usually are penetrated by a large number of insect burrows. They are highly
calcareous, although in some locations the amount of lime in the immediate
surface horizons is not great.
The subsoils to depth of 2 to 4 feet are brownish gray to grayish
brown with many very gray sandy or clayey lenses. They are decidedly heavier
in texture than the surface with definite accumulations of clay. When wet
they are rather plastic in spite of the normal high content of sand and grit.
Vflien dry they break to angular irregular clods wfiose surfaces are more or less
coated with colloids and often with lime deposits. The deeper subsoils do not
show as high clay acoumulations and are softer and more pervious, modified by
the occurrence of the lenses or plates of silty and clayey material. The sub-r
stratum is essentially the same as the deeper subsoil and continues to great
depths.
Under dry-farming conditions the soils are of very little use, affording only a very sparse desert pasture. Under irrigation, if they are free from
alkali, alfalfa, cotton, grains, and occasionally grapes and fruits are grown.
About 320,000 acres have been mapped, of which 73 per cent are affected by
alkali to a greater or lesser extent. The areas having fairly strong alkali
accumulations are of very low value and utilized only for range, although in a
few cases where abundant water was available rice has been grown. Yields are
usually fair during the first year or two, but drop off markedly in succeeding
years. An attempt at reclamation without providing drainage has been made by
growing rice folloT,TOd by alfalfa but usually the alfalfa does not last more
than two or three years. Reclamation of the alkali lands is not very difficult provided adequate drainage is available to permit the leaching out of the
salt content of the soil and subsoil. The position of the soils on the flat
plains near the trough of the valley makes drainage difficult and complicates
the problem of reclamation. The soils represent a potentially valuable area of
land when the pressure of population makes necessary bringing additional lands
into production. In their present condition they are of low valuei The soils
are related to the Fresno and also to the Traver and Poster series,
Fresno Series
The Fresno series are mineral secondary pedocalic siallithous soils
formed of transported material originating from granitic rocks. They have been
formed under conditions of poor drainage in regions of Macrothermal "Semidesert" (BWh) climates receiving usually less than 10 inches of rainfall with
mild winters and very hot dry simmers. The profiles are considered to be mature,
having developed definite lime hardpan. They occupy plains of low gradient
that often are nearly flat. The surface may be relatively smooth or may be
marked by the occurrence of many low small natural mounds, locally termed "hogwallows," Subdrainage is poor and in addition they are subject to occasional
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flood. The cover is generally sparse, consisting of alkali weeds, some salt
grass and shrubs. The soil profile reflects the conditions under which the
material has been accumulated, and the soils developed. The relatively flat
surface on which the material has been slowly deposited usually has many playas
or shallow temporary ponds surrovinded by areas that are a few inches higher or
more irregular in micro-relief. Water flowing across the plains carries fine
sediments and the fine silts and clays accumulate in the playas as the muddy
water is dried by evaporation. With some wind erosion or the occurrence of an
occasional severe flood the playas might be covered by layers of sandy material
and on the new surface a new playa might be located in a different place. The
amount of silt and clay accumulating in each playa bed would depend on the
length of time it existed and might be from an inch or two to as much as a foot
or more in thickness. The broad plains occupied by the Fresno soils were gradually built tip by the deposition of naaterial washed out from the higher*lying
uplands and in the process of weathering the dowmf/ard percolation of rain or
flood water carries into the subsoil fine material in suspension as well as in
solution. These materials accumulate in the silty or clayey layers which act
as filters and which becatise of their usually higher salt content also cause
the precipitation of dissolved material. In consequence these layers become
more or less cemented into a hardpan-like condition and the progressive development of this process finally results in the typical hardpan layers of the Fresno
series. The hardpans are characteristically irregular in their occurrence,
thickness, and in the number of layers that may be encountered in the subsoil.
The profile is considered to be mature, although a continuation of the process
persistently adds fresh material to the surface and does to some extent modify
the profile characteristics.
The surface soils to depths of 4 to 10 inches are characteristically
brownish gray to gray and usually develop a typical but rather thin crust-mulch
structure. They break to a granular tilth, are characteristically very porous
and in addition have many insect burrows. The soils are usually calcareous but
vary more or less in this characteristic. They have basic reaction and usually
show appreciable concentrations of alkali with either salt crusts or surface
efflorescence.
The subsoils are brownish gray to gray without any characteristic structural arrangement. They break to irregular lumps and clods which, however, are
usually coated with colloidal material, indicating that they are rather definite
structural units. The subsoils have rather fine pores and usually are somewhat
dense. They are quite calcareous and usually alkaline. The hardpan conditions
have already been described. While strictly subsequent in formation^ the location of the hardpan layers is consequent, depending upon conditions of acciauulation of the parent material. The Fresno soils are so extensive and pedologically
so important that the following detailed description of a typical profile is
given:
Location 1 mile south of Kerman, Fresno County, California.
Aj|_ - 0 to 3-^ inches. Brownish gray fine sajad with some few roots and some
organic matter. Porous and rather loose, with many insect burrows.
Colloidal clay 1.28; pH 9,6+; carbonates 0.190. (The surface soils
may have been subject to wind erosion, leaving this very thin A horizon.)
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B-j_ - S-g- to 7 inches. Brownish gray fine sandy loara, slightly compact« and
with a suggestion of a columnar struöturej It breaks into small irregular lumps which may have a shiny (when -wet) surface coating, apparently of colloidal character. Some of the lumps are somewhat vesicular,
but most of them are quite dense, though penetrated by insect burrows
and old root holes. Colloidal clay 11.43; pH 9,6+; carbonates 0.775.
Bg - 7 to 1 % inches. Gray to grayish brown sandy clay loam, more or less
spotted and blotched in color distribution. It is quite compact and
weakly cemented, but has a structure similar to that of the B-, horizon.
T/Vhen moist it breaks with a cheesy fracture. Some worm holes show colloid coating, and the few rootholes are marked by darker color, some- .
times somewhat rusty. Colloidal clay 18.55; pH 9,6+; carbonates 0.925,
Bg - 14g to 34 inches. Semihardpan layer of gray clay with yellowish and
bro^wiish mottlings and some rusty iron stains. Hard, dense, more or
less cemented and rather massive, but with a suggestion of columnar
structural development. There are nimerous vesicular pores, some lined
with crystals of salt, while others have been filled with salts and soil
material and now shov/ as light or dark spots. Colloidal clay 24,46;
pH 8,4; carbonates 0,950.
B^ - 34 to 54 inches. Hardpan of gray to yellovdsh gray sandy clay loam
with many brown and reddish stains. Compact, hard, and cemented,- of
massive structure with a suggestion of columnar structure but breaking
to hard vesicular clods. Colloidal clay 10,67; pH 9,0; carbonates 0.910.
C-|_ - 54 to 68 inchesi Gray to yellowish gray sand, fairly soft, pervious,
and without any definite structural arrangement. Colloidal clay 1,67;
pH 9,6; carbonates 0,545.
Cg - 68 to 80 inches. Gray silty sandy loam with brown and reddish spots,
fairly compact but not cemented. This is probably an old buried
B horizon rather than a true stratijm of older C material.
Ninety-four per cent of the soils are mapped as having accumulations of
alkali and over nearly this entire area they give definite reactions indicating
the presence of sodium carbonate. The chemical characteristics indicate that
they conform to Gedroiz' definition of a "solonetz" and have been so designated
by him, but they show none of the morphological characteristics of the typical
solonetz soils and Glinka when examining the profile described above pronounced
it definitely as "solonchak,"
Under their natural conditions the soils are all of low value, giving
very poor grazing and being unsuited to dry-farming operations. Reclamation of
these lands by leaching out the alkali is readily possible but somewhat difficult. When reclaimed they have been used for alfalfa, cotton, sorghvims, and
many other crops. Over 593,000 acres of typical Fresno soils have been mapped,
most of them in the San Joaquin Yalley. In the Reconnoissanoe Survey of the •
San Joaquin Valley more than 1,000,000 acres are mapped as the Fresno series,
about half being the grayish Fresno that is here described and considered typical, while about half is mapped as the "Brown Phase," which is described in
detail elsewhere and which is considered properly to belong in the Dinuba series.
The areas of both occurrences will be more or less roducod as detailed maps are
made and some of the included variations arc separated out as new series.
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MERCED FAMILY
The Merced family is composed of mineral secondary pedocalio siallithous
soils that originally were derived from granitic rock sources, with some admixture of other materials. They occupy gently sloping floodplains, and the lower
portions of alluvial fans. The older members> the Chino and Merced series»
occupy very gently sloping areas, usually semi-enclosed, basin-like trovighs
with slow surface drainage. The soils are all naturally poorly drained, with
periodic or persistent high water tables. They are usually subject to some
overflow during the winter rains and to extensive flooding during the early
summer when the melting snow in the mountains brings the rivers to flood stage.
The family is characterized by the dark color of the surface soils, the
lime content of the subsoils, and other morphological features caused by their
poor drainage and the mode of their fonnation and development. The family is
incomplete, without a fully-matured member, and with other gaps in the family
sequence. It probably starts with recent soils of the Foster or Visalia series
and develops through stages including the youthful Chino and semimature Merced
to a possible ultimate development of a lime-hardpan type of profile in the
matured stage. The Foster series is described in the Fresno family, and only
the Chino and Merced series are herein described.
Chjjio Series
The Chino series are mineral secondary pedocalic siallithous soils
formed from weathered transported material derived from granitic rocks. They
have been formed under iJlacrothermal "Hot Steppe" (BSh) and "Semi-desert" (BT/yh)
climates with limited rainfall, usually not exceeding 15 inches, all falling
during the warm winters and followed by hot dry summer seasons. The profiles
are youthful with slight but definite evidence of downward migration of clay
and with considerable accumulations of lime in the subsoil horizons. They
occupy the lower flatter portions of extensive alluvial fans that in the betterdrained upper portions are usually occupied by Poster, Visalia, Hesperia, and
related series. They also occur on some terruce remnants in narrower valleys.
The soils generally have a gentle slope with slow runoff and little or no
erosion. They are naturally poorly drained and usually have either a high
water table or are subject to seepage from other higher-lying areas» The native
cover is usually grasses of hydrophilic types with some willows or similar trees
and shrubs.
The surface soils to depths of 12 to 20 inches are dark brownish gray to
dark gray, sppearing black when wet. They are highly micaceous, friable, with
indefinite structure, but breaking readily to a mellow granular tilth. The
reaction is usually neutral to basic. The organic matter is low, but is responsible for the dark color, as when the organic matter is destroyed by peroxide
oxidation the remaining mineral material shows a light brownish gray color.
The subsoils to depths of 4 to 6 feet are dark gray to gray, highly
micaceous, and contain larger amounts of colloidal clay than the surface soils.
They are highly calcareous and the flocculating action of the lime masks to a
considerable degree the evidence of higher clay content. The lime in the subsoils shows a definite accumulation zone, the quantity being much greater than
that present in the underlying material. The heavier-textured subsoils sometimes crack to irregular clods but these are readily broken down if subject to
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strain. Both soil and subsoil are fairly ï)orous with evidence of many wormholes and with some insect burrows throughout the surface horizons of the betterdrained areas. The substratum is variable in character* usually of stratified
sediments that show, by irregular colors and mottling, the effects of poor drainage and high water table. The soils are naturally poorly drained and about 25
per cent are seriously affected by alkali, usually the alkali consists of
neutral salts but there are many sections in which sodium carbonate is present.
In their natural condition the soils are utilized mainly for pasture.
If drainage is reasonably good or where it has been provided, the soils are used
for sugar beets, alfalfa, grains, beans, and vegetable and truck crops. The
yields are generally quite high except in those places where they are depressed
either by the presence of alkali or high and fluctuating water tables. Some
areas that have been very well drained are utilized for fruit and other crops,
with the growth and production very good. In the valleys of southern California
many areas of Chino occur in locations very favorable for the production and
marketing of vegetables and in tiiose regions the soil is utilized very extensively for these products. The soils have been mapped over an area of about
150,000 acres, most of it either in southern California or in the southern portion of the San Joaquin Valley. In the latter region the soils are utilized
mainly for grain, beets, and cotton. The soils are related to the Foster and
Visalia series which are younger and to the Merced which is considerably older
in stages of development. It is recognized as one of the members of the Merced
family.
Merced Series
The Merced series are mineral secondary pedocalic siallithous soils
formed from transported material of somewhat mixed geological origin but probably coming originally from granitic rocks. It is found under semiarid "Hot
semi-desert" (BWh) climates with a rainfall of from 6 to 12 inches coming during the rather warm winters and followed by long hot dry seasons. The profile
is semimature with a heavy calcareous olaypan. The series occupies flat to
gently sloping plains with a smooth surface having a few irregularly-spaced low
natural mounds. Subdrainage is poor and runoff slow. There is only local erosion, while flooding is usually accompanied by deposition of fresh soil material.
The native cover is dense grasses and herbs.
The surface soils are dark gray to black, usually heavy textured and
relatively high in organic matter and organic colloids. The surface naturally
breaks to small angular lumps or small clods that are firm and fairly dense.
The deeper surface soil cracks to rather irregular clods and is penetrated by
some worm and insect burrows. The soils are neutral to basic in reaction and
the general surface character extends usually to depths of from 2 to 3 feet,
although occasionally the surface soil may be less than a foot in thickness.
The subsoils are dark gray to gray, heavy-textured materials, sticky
and plastic when wet and drying to coarse clods that on disturbance break to
angular hard lumps. The subsoils show a slight tendency towards the beginn.ing
of columnar structure, but this is not well developed. They are highly calcareous, especially in the lower depths. At from 4 to 6 feet below the surface the
soils rest upon a substratian of grayish inaterial of variable texture, usually
ranging from fine sandy loam to clay, highly calcareous and often alkaline.
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The Merced 6oils occupy the axis of the valley troughs and under their
natural condition are subject to flooding during late spring or early summer
when the snows in the high Sierras are melting and the large rivers are at the
flood stage. These floods may cover the Merced soils to depths of from a few
inches to 3 feet or more and the runoff is slow so that the removal of the large
amovuat of water across the long flat trough may take from two weeks to a month
or more. The soils are wetted to a certain extent during the winter season,
sufficient to start the vegetation on its annual growth cycle, and the long
eraly summer flooding acts as an irrigation that wets the soil through the entire solum and into the substratum» The soils have a high water holding capacity and as a consequence the growth of summer vegetation is dense and continuous well into the early autiimn. This rather unusual moisture supply provides
a natural vegetative growth that is much greater than that of any of the other
soils in the valley and develops the organic matter vrhioh, in its humified form,
is more or less fixed by the lime to develop the very dark color and depth of
surface soil. Each year's flood brings into this region a thin layer of additional sediment, thus building up the surface soil and further increasing the
depth of the surface horizons. It is probable that the present subsoils were
originally black surface soils and that the organic matter has gradually been
destroyed, developing the dark gray to gray color. The substratiun appears to
be very similar to the soils of the Fresno series which occupy the plains just
to the east of the Merced areas and in some places, as for instance, to the
north of Buttonwillow and east of Los Banos, it is very evident that the Merced
soils have been deposited on top of a former area of Fresno soils. In some
cases the natural mounds of the Fresno have not been covered and they stick
through as gray spots in the otherwise black areas of Merced soils.
Under their natural condition the soils are utilized for pasturage and
the carrying capacity of the Merced soils is high. Many areas are still flooded
annually by water diverted from the streams to compensate for the floods that
are now prevented by storage reservoirs in the mountains. Where protected from
possible floods by levees and when provided with water for irrigation, the soils
have been utilized for grains, cotton, and alfalfa, with fair to good yields.
Fruits have been planted in some places, and while the vegetative growth at
first is rather rapid the lands appear to be poorly suited to fruit production.
The irrigated lands also face the possibility that the alkali in the buried
Fresno soils may be brought to the surface by overirrigation and a rising water
table, with extension of alkali spots and serious crop injury. The soils appear
well suited to bhe dairy industry with grains and alfalfa as sources of forage.
About 28 per cent are made up of adobe clays, 38 per cent of loams. Approximately 20 per cent of the total area is affected by alkali, much of it being
salines or white alkali but with some carbonates or black alkali present. An
area of a little over 300,000 acres has been mapped, nearly all in the San
Joaquin Valley, Much of this was mapped on the Rcconnoissance scale ojid the
total area may be somewhat reduced when detailed mapping is completed and variations from the typical profile separated out. The Merced series is a semimature member of a family of poorly-drained soils that may start m t h the Foster
or Visalia series.
In position and current drainage conditions they are
comparable to the Stockton series, and in a degree comparable to the Sacramento
and Tulare series of basin soils.
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The three series described herein are not related except in geological
origin, and they have no suite or family relationships. In extent, in pedologioal interest and in economic importance, they warrant inclusion in this manuscript and are provisionally plaöëd in the Miscellaneous group. The Dinuba
subsoil horizons have some of thefiiltylenses and strata that are similar to
those of the Pond and Fresno series. It was originally mapped as Fresno, later
separated as Brown Phase Fresno, and finally recognized as an independent series
of well-drained soils free from alkali (the Fresno and Pond are poorly drained
and usually contain much alkali).
The Delhi material has been modified by aeolian action but was originally
alluvial sediments that may have been similar to the Dinuba soils or to those of
the Hanford series.
The Coachella series is a desert soil derived from alluvium that has
been reworked and modified by wind. In this feature it is comparable to the
Delhi, It is calcareous throughout the profile and occurs under extremely arid
conditions.
Dinuba Series
The Dinuba series is composed of mineral secondary pedooalic siallithous
soils derived from transported materials originating from granitic rock sources.
Most ofthe material has undoubtedly existed in the mountains as soil, probably
Holland;|öierra, and has been eroded from its original location, tremsported,
and redeposited in the valley. The soils occur vmder Ifecrothermal "Semi-desert"
(BWh) climates with rainfall of from 10 to 15 inches, all coming in the mild
winter season, with hot dry summers. They occupy alluvial plains composed of
the gently sloping lower portions of confluent alluvial fans. The profile is
immature, there being an appreciable accumulation of clay in the subsoils and
the silty lenses that are characteristic of the subsoil are in some cases rather
weakly or sofi;ly cemented. The soil has fair subdrainage and slow runoff. The
native cover is herbs and grasses with shrubs and occasional trees.
The surface soils to depths of 12 to 20 inches are light brown to grayish brown, drying out to a rather bleached grayish surface that becomes distinctly darker when wet. There is a tendency to^vards the development of a
crust-mulch structure but this is not very pronounced and it usually breaks
naturally to a granular tilth. The soils are very highly micaceous, are naturally porous, and in addition have very many insect burrows. They are usually
neutral to basic and relatively low in organic matter content.
The subsoils are grayish brown or light broxm in color, somewhat heaviertextured than the surface and usually with a distinctly higher colloid content.
They show no definite structure, breaking to small clods or lumps that aj:e firm
but not hard when dry. The subsoils are slightly plastic when wet but this is
masked to some extent by the high content of mica. They are calcareous, the
amount of lime present varying markedly. Occasionally they are only feebly
calcareous, but usually there is a moderate amount of lime present and occasionally the quantity may be very high. They are porous with many insect burrows.
Throughout the subsoil there may occur lenses or layers of a gray silty material,
distinctly different in texture from the material above or below and sometimes

.m mcê'm^ Mé)'

ILMSSM

JBto'^ ^Q-fi alios'' &»0.l«Vf X*isr 1^

± tjeiiiiiis a ê ^ èumi %m è&M '4#j*éi?|:&éi' l^^i/iïi-J"-.

*• MV •**«'

. a#l*ï#
->#T:©o8fl«"ï

- .m?^.£a^lS
'f

'

s©fc- ^ | l o .

^èm ^?m, "xöM ^p^mttu^ famixi ^^etór x'i^^ m4ii dêiHMsS si hm %w®tpq \. -

</ <!»!r''

J

70.
slightly cemented with lime or silica. These lenses are undoubtedly formed in
the same manner as the similar lenses and plates that form the hardpan of the
Fresno series, being consequent formations that developed as the soil material
•was acctimulated. They interfere to some extent with the downward movement of
water but not being cemented do not prevent penetration by water or by roots.
The soils of this series are usually free from alkali but local areas where the
water table has been raised by overirrigation may be affected by injurious concentrations. The textures are generally light, 35 per cent of the area now
recognized in this series being sands and most of the rest classed as sandy
loams. Approximately 500,000 acres have been shown on the Reconnoissan.ce maps
of the San Joaquin Valley under the name of the "Brown Phase" of the Fresno
series, now named the Dinuba series. This area will be somewhat reduced when
detailed surveys exclude areas of different soils that because of the small
scale of the Reconnoissance map were not differentiated and shown.
Under dry-farming conditions the soils are utilized mainly for range
pasture and for grain. Grapes are grown in a few places, particularly if the
water table is within reach of the deep roots. Under irrigation all crops
appear to be grown. Alfalfa is most extensive, and is the basis of a dairy
industry. Peaches and grapes are very extensively grown, while apricots and
other fruits and nuts are grown on smaller acreages. Among the field crops
cantaloupes and other melons, wheat, potatoes, and tomatoes are most extensivey
while practically all of the other vegetable and field crops that grow well on
sandy soils are produced well on the soils of this series. The soils are easy
to work, easy to irrigate, highly productive, and very favorably located and
constitute one of the very valuable series in the San Joaquin Valley,
In the early siirveys of the Modesto-Turlock (1908), Madera (1910),
Fresno (1912), and Merced (1914) areas these soils \vere mapped as tjrpes of the
Fresno series. When the Reconnoissance Surveys of the San Joaquin Valley vrere
made (1915-1917) they were separated out and shown as the "Brown Phasd' of the
Fresno series. They were recognized as a distinct series but it was thought
best not to establish them vinder a new name until more detailed studies could
be made. With the survey of the Visalia Area (1934) their characteristics have
been worked out and they are now established as the Dinuba series. They are
related to the Fresno series, and also to the Oakdale .and the Modesto series.
No suite or family relationships have as yet been determined,
Delhi Series
The Delhi series are mineral secondary noncaloareous pedocalic siallithous soils formed of wind-transported material originating from granitic sources.
Most of the material was originally deposited as alluvial fan and river floodplain soils similar to the Hanford, Tujunga, and related series and which later
were eroded, transported, assorted,, and redeposited by wind. They have been
formed under Mesothermal "Olive" (Csa) and Macrothermal "Semi-desert" (BWh)
climates with winter rainfall of from 10 to 15 inches and with long and hot dry
seasons. The profiles are recent, showing very little evidence of modification
by weathering. The topography is undulating to slightly rolling. Subdrainage
is good except in some locations where the natural water table is close to the
surface. There is no surface runoff and erosion is confined to the action of
wind. The native cover is sparse herbs and grass, but practically all has been
removed.
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The surface soils to depths of from 1 to 3 feet are brovmish gray to
grayish bromi, incoherent and single-grained, the particles being subangular
to rounded with many angular fragments evidently formed by splitting of larger
pieces. The soils are micaceous and made up of a wido variety of minerals.
They are porous, decidedly pervious, ajid usually neutral to slightly basic in
reaction. The subsoils are essentially the same as the surface except that they
may be slightly lighter in color and somewhat more basic in reaction. The substratum is usually the same as the subsoil, but in many places the soils rest
on buried soils of the Fresno, San Joaquin, or Madera scries. In some cases
along the margin of the Delhi soils where the profile is relatively thin, the
substratum may be within only a few feet of the surface and may modify the
reaction of the soils.
The soils under natural conditions are used for range pasture and for
some dry-farmed grain, usually rye. Returns are invariably low. Under irrigation they are utilized for all of the crops of the region, grapes and peaches
being the leading fruits with alfalfa, cantaloupes and other melons, sweet
potatoes, and other vegetable and truck crops. The soils are fairly fertile
but are all very sandy and the total amount of plant food available at any given
time is rather low. They are easily handled but when the ground is bare eroding
winds may blow away the soils and even the seeds or small plants, and during the
windy spring months well established crops may be damaged by wind erosion. The
irregular surface also makes distribution of vreiter and irrigation somewhat
difficult.
These soils will first appear as the Delhi series on the soil map of
the Visalia Area which is as yet not published. They were included with the
Oakley in the Reconnoissance maps of the San Joaquin Valley and in the surveys
of Riverside and Pasadena Areas in southern California, They differ from the
Oakley in many profile characteristicsj are less weathered, of different origin,
occupy smoother topography and are more productive. They occur in extensive
areas in Stanislaus, Merced, and Fresno counties in the San Joaquin Valley and
in the valley portions of San Bernardino and Riverside counties. Smaller areas
occur in Tulare, Kings, and Kern counties, and they appear to total over
200,000 acres.
Coachella Series
The Coachella series are mineral secondary pedocalio siallithous soils
formed from transported material derived principally from granitic rocks. The
soils are found in desert regions having ïfecrothennal arid (Blhh) climate with
rainfall usually under 5 inches. The soil material has been carried out from
the adjacent mountains by the intermittent streams and deposited as alluvial
fans £uad floodplain washes. It has been reworked by wind, thoroughly assorted,
and redeposited as aeolian accumulations. The soils occupy areas that are
gently sloping in their major aspect but which have very irregular micro-relief
consisting of many small dunes, some active and others fixed to a greater or
less extent by the desert vegetation of mesquite and creosote bushes. This irregular surface varies from low widely-spaced moimds to a mass of rather large
irregularly-fixed dunes emd the dividing line between the dune phase of the
Coachella series and the areas that were mapped as Sand Dune is rather indefinite. In preparing the land for irrigation farmers have leveled the surfaces
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of the Coaohella soils and in some oases have leveled areas that were originallyclassed as dunes, while some areas of the more irregular Coaohella soils have
been left in their natural conditnon.
The surface soils are gray to slightly broimiish gray in color, quite
micaceous and are in all cases loose, open sands. They are irregularly mildly
calcareous. The subsoils are gray to brownish gray micaceous sands, moderately
to highly calcareous. The profiles are distinctly recent and un-weathered, the
only difference between the surface soils, the subsoil, and the substratum being
in the rather higher content of lime in the subsoils.
The soils absorb water very readily but have a very low x^ater holding
capacity. In their natural condition they are practically useless for agricultural purposes but where irrigation water is available they give good yields of
many specialized crops. The soils have been mapped in the Coaohella Valley whore
a total of 55,000 acres of fine sand and very fine sand have been found. These
are utilized for the production of grapes, grapefruit, early vegetables, and
date palms, the yields being fair and the quality being usually high. The soils
are naturally productive, but because of the very sandy character are much benefited by the application of manures. They occur under climatic conditions very
favorable for vegetable growth during the winter season and onions, peas, beans,
tomatoes, peppers, and other early vegetables are grown extensively. The soils
are well drained and free from alkali. They are very easily farmed and the
very fine sand is the most highly desirable soil in the Coaohella Valley.
SIMA.LITHOUS DIVISION
The simalithous pedooalio secondary soils include a large number of
series whose relationships are often obscure and very difficult to determine.
Being derived from basic igneous rock materials, the coarser particles contain
many silicate minerals high in the alkaline bases. As these particles weather
to finer fragments and to colloids, the bases may become part of simpler compounds, caloixim and magnesium usually forming carbonates. The recent alluvial
members (for instance the Vina or Honcut series) may be wholly noncaloareous
and even somewhat acidic in reaction, but nearly all the series that have
reached the immature stage or older have distinct horizons of lime accumulation
within the profiles. The total extent of the simalithous pedocalic secondary
soils is not great and the numerous series usually occur in bodies of small extent, thus making conditions very difficult for working out the family relationships and sequence in the progress of weathering. Two "suites" of related
series headed by the Vina and Bieber series, and two incomplete families, the
Bellavista and the Stockton, are herein described.

THE VIMA. SUITE
The soils included within this suite are younger members of undetermined
families which, however, will probably weather toward a mature profile that
would include as its most characteristic feature a lime-cemented hardpan. Investigations have not as yet brought out the full family relationships and it is
possible that mature members developed from the Vina material may not exist in
California. It is also possible that these soils may -vieather to mature profiles
similar to the Gazelle series where poor drainage exists, or to the Bellavista,
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Agate, or Mono series under differing conditions of drainage, flooding, and
rainfall. Only three series are here described, the Vina, Farwell, and
Porterville. The Vina does not contain lime in the profile, but contains much
lime in the base exchange complex and is felt to be properly classed as a pedocal. It is strictly recent in its stage of profile development. The Farwell
has a youthful profile and is the second stage in weathering of Vina material.
In nearly all characteristics it resembles the Vina series, but the subsoils
are quite calcareous with definite lime accumulations and with a more or less
modified structure due to the lime content. The Nord has lime in both surface
soils and subsoils, but appears to be a member of this suite. The Anita is
also closely related in origin of parent material. The Porterville is immature
in development and may belong to the saiae family as the Vina and Farwell, Insofar as it has been mapped, it is composed exclusively of very heavy-textured
soils, while the Vina and Farwell are generally medium-textured and the direct
relationship between the two is obscure or difficult to establish. The Porterville shows a very striking accumulation of lime in the subsoil, but because of
the very heavy texture the evidences of clay accumulations are not very apprent.
No older members of this suite are herein discussed, the areas of Gazelle,
Agate, Bellavista, and Mono being very inextensive and their economic value
exceedingly low,
Vina Series
The Vina series are mineral secondary pedocalic simalithous soils without any lime accumulation in the profile, but which are quite evidently weathering towards a pedocalic condition. They are from transported material derived
from basic igneous rooks, mainly made up of wash from areas of Aiken and closely
related soils. The series are found under a rather wide variety of climatic
conditions but the largest areas occur in Mesothermal "Olive" (Csa) climates
with from 15 to 25 inches of rainfall. The soils are recent alluvial deposits
occupying sloping confluent alluvial fans. The profile is wholly unweathered
and shows no response to climatic conditions. The subdrainage is normally
good. Surface runoff is accompanied by deposition rather than by erosion. The
native vegetation was valley oaks with a ground cover of grass.
The surface soils to depths of 2 to 3 feet are brown to a rich brown
color without definite structure but breaking readily to a granular tilth. When
wet the soils show a reddish tint and in many sections have a more or less chocolate brown color. They are usually mediiim to heavy textured and occasionally
develop rather hard cloddy structure. They are naturally fairly porous and
pervious and usually have neutral reactions. The subsoils are almost the same
in character as the surface soils. In some locations they are slightly lighter
in color, whereas in other locations they are slightly redder, but in general
there is little or no distinctive difference between the surface and subsoil,
the latter Ijeing porous and fairly pervious without structural arrangement and
usually moderately basic in reaction.
Under dry-farming methods they are devoted very extensively to grain and
also have large plantings of prunes, almonds, and grapes, with some other finiits
and nuts. Under irrigation prunes, almonds, apricots, and grapes are the dominant fruits and nuts. Alfalfa is the most extensively grown irrigated field
crop with extensive areas devoted to vegetables and to the general field crops
of the region where the soils may be found. The soils usually give good returns
with any of the crops that can be grown in the area. In the northern part of
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the Sacramento Valley where these soils are extensively developed, some nutritional difficulties are developing with certain fruits, particularly prunes,
the exact cause for which has not as yet been ascertained, but it appears to be
related to an inability of the tree to assimilate potash. On the same fields
in which prunes fail to grow, almonds appear to encounter no difficulty. The
soils for all except these certain crops appear to be highly productive. They
have been mapped over an area of about 126,000 acres, the largest occurrence
being in Butte and Tehama counties, but areas have been found in other parts
of the state wherever there is wash from uplands of primary soils of basic
igneous origin.
Farwell Series
The Farwell series are mineral secondary pedocalic simalithous soils
formed from transported materials originating in basic igneous rocks» Most of
the soil material appears to have been eroded from areas of Aiken soils transported and redeposited as valley alluvium. It is usually found under Mesothermal "Olive" (Csa) climates receiving from 20 to 25 inches of rainfall with
mild winters and hot dry summers. The profiles are youthful with very little
evidence of downward migration of clay, but with rather definite lime accumulations appearing in the subsoils. They occupy rather gently sloping alluvial
fans and valley plains and are subject to occasional floods accompanied by deposition of sediments. Subdrainage is good and runoff is slow except at times of
flood when deposition instead of erosion generally occurs. The native cover is
large park-like oaks with an undercover of grass.
The surface soils are rich brown to chocolate brown, bleaching out to
a rather lighter color when dry and becoming darker and somewhat reddish when
wet. There is no definite structural arrangement, but the soil breaks to a
friable granular or small Ivmpy tilth, the fragments being naturally porous
and in addition there are very many worm and insect holes whenever the soil is
left untilled for even brief periods. The reaction is usually neutral, and
there is usually no change in character to depths of from 2 to 4 feet. The subsoils are rich brown to light brown with a reddish or chocolate tint, especially
when wet. They are of massive structure, of friable consistence, are naturally
porous and are penetrated by many insect and worm holes. The subsoils are
mildly to quite strongly calcareous and are distinguished from the surface soils
almost wholly by the presence of lime. The calcareous horizon may begin anywhere from 2 to 4 feet or more below the surface and may extend to a depth of
6 to 8 feet. The deeper material is generally less calcareous or nonoalcareous
but otherwise is usually similar to the soil and subsoil in all respects.
Under dry-farming conditions the soils are utilized for grains and for
almonds, pmnes, and grapes. They take water vrell, have a fairly good water
holding capacity, and with the relatively high rainfall have proved fairly productive under dry-farming practices» YiTith irrigation water available, they are
devoted to alfalfa, prunes, apricots, almonds, and other deciduous fruits and
nuts, also to beets, beans, sorghums, and a wide range of field crops. They
have been rated as excellent soils with a high productive capacity, but in
recent years certain difficulties have developed, particularly in the growth
of prunes, which may be due to an inability of that particular fruit to absorb
certain plant food elements, notably potash. The soil contains considerable
quantities of potash but very little in the available or exchangeable form.
With the exception of this rather unusual nutritional difficulties, the soils
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have been considered as excellent and the yields of crops and other fruits have
been high. The soils are very similar to those of the Vina series, differing
only in the presence of lime in the subsoil. The largest area mapped is in
the northern Sacramento Valley in Butte County where about 28,000 acres have
been recognized. Other areas occur further to the north in the Sacramento
Valley and also in the northeastern ooimties of the state. A small area which
has been correlated with the Farviell in the Capistrano Area in San Diego Comity
is not typical of the Farwell series, but is very limited in extent and was felt
to be sufficiently similar to be included as a variation instead of being established as a new distinct series. The Farwell soils will probably not be found
extensive in California and the total area may not exceed fifty thousand acres.
Porterville Series
The Porterville series are mineral secondary pedocalio simalithous soils
formed of transported material derived primarily from basic igneous rock sources.
They occupy sloping alluvial or colluvial footslopes and small confluent fans of
very minor intermittent streams and short local washes and the parent material
was largely soil eroded from the adjacent hillsides and washed domi to its present position. The soils are formed under semi-arid "Hot Steppe" (Bsh) climates
with 5 to 15 inches of rain falling during the warm winter and with long hot dry
summer seasons. The profiles are immature in development, although the natural
heavy texture masks the clay concentration in the subsoil and the stage of maturity is indicated more by the concentrations of lime. Subdrainage is slow mainly
because of the very heavy texture that is characteristic of all of the soils of
this series. Surface runoff is rare, but even when rimoff is rapid, erosion
is slow, again because of the heavy texture of the soil material* The native
cover is sparse grass with many herbs and shrubs.
The surface soils are chocolate brown to reddish brown in color and
usually heavy textured, nearly all having a typical adobe structure. Wlien thoroughly dried, the adobe blocks are broken by secondary cracking to small angular
granules, this condition extending to depths of from 3 to 6 inches and making a
structural condition that is decidedly unstable and locally referred to as
"dry-bog." If puddled by working or tilling when wet, the soils form very dense
masses that dry to hard solid blocks, very slowly pervious and difficult to
break. The soils are neutral to slightly basic in reaction, have a low organic
matter content and vary in depth from 10 to 20 inches.
The subsoils are chocolate brown, reddish brown or brown in color with
many gray streaks and stains due to lime accumulation. They are usually heavytextured clays developing a block structure when dry and with secondary cracking
break to hard angular fragments. The deeper portion of the subsoil contains
much more lime and here the fragments are softer and more easily broken» The
entire subsoil is calcareous but the lower portion contains the highest concentration, in some cases the lime being segregated in plates and lenses in an
almost hardpan-like condition. There is considerable variation in the condition and degree of segregation of lime in the subsoil, these differences making
the subsoil under a given acre quite variable in character. The substratum is
much like the subsoil but usually contains much less lime. It may extend to
depths of many feet, but in some of the higher slopes, may rest on buried bedrock at depths of less than 6 feet.
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In its natural condition the soil is utilized mainly for range pasture
with some fields devoted to grain and grain hay. Yields depend entirely upon
the ajinual rainfall and crop production is precarious. Under irrigation tlae
soils are devoted almost exclusively to oranges with smaller areas in lemons,
olives, figs, and some grapes. They usually occupy the slopes along the valley
margin where temperature conditions are most favorable and are referred to as
lying in the "thermal belt." It is probable that this location has to a large
extent determined the extent and character of their use as the heavy texture
makes the soils rather difficult to handle particularly with problems of water
distribution. Furrow irrigation is complicated by the water flowing through
cracks and frequently being diverted some distance further down the slope. In
places it has been foimd necessary to let the soils dry out rather completely
before stirring the surface and preparing for the nexb application of water.
If the soils are tilled while moist they puddle badly and water penetration is
very markedly reduced. Because of these difficulties of tillage and the limited
range of crops that can apparently be grown on these soils due to texture and
subsoil conditions, the soils are rated rather low, although locally the soils
are valued very highly for citrus production. They have been mapped over about
56,000 acres, all of it in the San Joaquin Valley and nearly all being of the
adobe clay type. In area relatively unimportant, they are locally of much importance because of their location and favorable temperature condition.

STOCKTOU FAMILY
The Stockton family is composed of mineral secondary pedocalic simalithous soils that are derived mainly from eruptive igneous rock materials,
with some admixtures from sedimentary and intrusive rocks. The family sequence
is clear and definite in the less weathered stages, but is open to some question
with the more mature series. The member series differ not only because of differences in profile development, but also because of differences in the drainage
conditions that now exist and that may have persisted throughout much of the
period of accumulation of the soil material and development of the soil profile.
The recent to youthful Honcut and the immature Wyman series are quite
definitely a sequence in profile development and they probably will progress
to the semimature Gridley and Landlow series. With drainage conditions becoming
poorer, either because of increasing density of the subsoils or because of
crustal movements and slower runoff, these soils may develop to the Stockton
condition of nearly mature profiles.
The profile development of the Stockton, Lajidlow, and Gridley series
has been materially modified by the presence, at depths of 5 to 6 feet, of a
dense and relatively impervious substratum of an earlier geological formation
that has very materially retarded drainage. In places this substratum imderlies the Wyman and Honcut soils, but usually at greater depths. All the members
of the family have slow or impeded subdrainage and occupy gentle slopes of flat
plains with slow surface drainage. The Honcut and Wyman soils occur on gently
sloping floodplains and alluvial fans and are still subject to slow building
by floods. The Gridley and Landlow occupy gently sloping plains that under
ordinary circumstances are not flooded, although before man intervened occasional floods covered these soils but the amount of sediment carried was low and
not sufficient to build the soil fast enough to modify profile development.
The Stockton soils occupy nearly flat semi-basin areas. Usually these have an
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outlet that is more or less restricted and the flovj- of water across the surface
and out through the available channels is so slow that the Stockson soils are
flooded for several months of the year and usually through the spring and early
summer. The Stockton is not fully mature, but in many cases shows a minor
development of a lime hardpan and it is probable that further weathering would
not materially modify the profile characteristics. The Honcut, Gridley, and
Stockton series are here described,
Honcut Series
The Honcut series are mineral secondary nonoalcareous pedocalic simalithous soils that are formed of transported riiaterial originating from basic
igneous rocks, probably most of it consisting of a mixture of Aiken soil washed
from the uplands and of material vreathered directly from bedrock, tuffs, and
mudflows of aiidesitic and basaltic material. In many cases the coarser particles are sharply angular, suggesting tuffs or volcanic ash origin* Profiles
are recent to youthful, the greater portion being in the youthful stage. The
soils occupy floodplains of very gentle slope cut by occasional channels. The
rate of building of these floodplains is evidently very slow and while the surface soil is being added to at each flood period, and this usually oftener than
once a year, the amount is so slight that weathering and profile development has
proceeded faster than accumulation as is shown by the translocation of colloidal
materials into the subsoil horizons. The soils have good to fair natural drainage, but some areas are rather poorly drained due to temporary high water tables.
The native vegetation is oaks, sycamores, and willows with considerable areas
in brush. iJVherever the stand was open the undercover was grass.
The surface soils to depths of from 1 to 3 feet are bro\'vn to reddish
brown, becoming much redder when wet. They show indefinite structure but break
to lumps and coarse granules. Reaction is slightly acid and the soils are naturally porous with very many worm and insect holes. The finer-textured types predominate, about one-third of the total area that has been mapped being clay
loams and clays, while two-thirds are of loamy textures.
The subsoils are broiAtti to reddish brown, slightly heavier in texture
than the surface, without definite structural arrangement. The colloidal clay
content is somewhat higher than in the surface horizons, and when the subsoil
breaks to rather definite lumps or clods the outside of these are slightly
coated with colloidal staining. The subsoils are naturally porous and also are
penetrated by numerous worm and insect holes. They are slightly acid in
reaction.
Under dry-farming conditions the soils are utilized for the production
of grains and for pasture with some considerable areas devoted to orchards of
prunes, apricots, peaches, and almonds. Usually the orchard areas are in regions
where the stream flow persists rather late in the season and maintains moisture
in the deeper subsoils. The excess water that accumulates in the soil during
the rainy and flood season does not have an opportunity to drain away until
after the water disappears from the streams and consequently a larger amount of
water is available for the tree growth than is indicated by the regional rainfall. Under irrigation the soils are utilized for alfalfa, deciduous fruits,
nuts, grapes, vegetables, and field crops. They produce a wide range of crops
with good to excellent yields. The soils are easily handled and excellent in
quality. They have been mapped over a total area of about 50,000 acres scattered
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mainly through the Sacramento and San Joaquin valleys, with some areas in the
valleys of the Coast Ranges. They usually occur in rather narrow belts along
the stream channels and in these locations cannot be utilized to full advantage.
The occasional occurrence of broad areas is usually highly developed. The soils
are related to the Tfllyman and Gridley soils, both of which are older and are
probably members of the same soil family.
Gridley Series
The Gridley series are mineral secondary noncalcareous pedocalic simalithous soils that while properly placed in the pedocalic class do not show any
lime within the profile. They are, however, very closely related to the Landlow which is distinctly calcareous. They are derived from transported material
of somewhat mixed geologic origin, but that is mainly from basic igneous rook
sources and that has been deposited as broad alluvial plains formed of confluent
fan and floodplain deposits. They are formed under Ifesothermal "Olive" (Csa)
climates with rainfall below 25 inches, all i^lling during the cool winters
with hot dry summer seasons. The profiles are semimature in development with
distinct olaypans. They occupy gently sloping plains with fairly smooth surfaces except for slight irregularities due to old stream channels. Drainage is
fair to poor, the soil profile resting on a substratum that is very slowly pervious to water and that retards downward percolation. The native cover is
park-like oaks and sycamores, vdth an undercover of grass.
The surface soils to depths of 8 to 12 inches are rich brown to dull
reddish brown, becoming distinctly redder when wet. The surface tends to pack
to a crust which breaks to a small lumpy or granular tilth. They are naturally
porous with many worm and insect holes. The reaction is usually slightly acid
to neutral and the organic content is fair to low.
The upper subsoil to depths of 20 to 30 inches is a broim to a dull
brown color that is distinctly redder when wet. It is of heavier texture than
the surface, somewhat plastic, and dries to firm clods with considerable amounts
of colloidal coating on the outside of the fragments. The lower subsoil is dull
brown to a grayish brown, much heavier in texture and very distinctly plastic.
Colloids stain the outside of all the structural units, TOiey dry this subsoil
horizon cracks into a rather irregular but distinctly prismatic or columnar
structure. The upper portion of the columns grade rather irregularly into the
clods of the upper subsoil. The power portion of the columns crack to cuboid
or pedestal-like forms and rest abruptly on the substratum. The color is frequently somewhat mottled. The substratum which is usually fotmd at depths of
3 to 5 feet is grayish brown to a yellowish brown, hard, and very slowly pervious to water. It appears to be semi-cemented, particularly in the upper
portion, which to some extent is also impregnated with colloidal material carried down from the soil. The substratum is usually neutral and noncalcareous.
It is probably unrelated to the soil and instead is an older geologic deposit
over which the soil material has been placed by later deposition.
Under dry-farming conditions the soils are devoted to grains and to
pasturage with fair yields. Under irrigation alfalfa is extensively grown and
a very large proportion of the soils are devoted to the production of peaches
with smaller areas in apricots, pears, figs, grapes, and nuts. Vegetable and
truck crops are grown quite extensively as also are field crops, particularly
sorghums and beans. The soils are generally good and where properly drained
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give exceptionally good yields. In their present utilization they form one of
the most extensive and important peach-growing sections in the state. Ihey
have been mapped vrholly in the Sacramento Valley, in Sutter, Yuba, and Butte
counties, where 104,000 acres are found; 90 per cent of the entire area being
of a loam texture,
Stockton Series
The Stockton series are mineral secondary pedocalio simalithous soils
formed of transported material of somewhat mixed origin but derived to a dominant extent from basic igneous rock material. They occur imder Mesothermal
"Olive" (Csa) and also under "Hot semi-desert" (BTfli) climates with rainfall of
from 10 to 15 inches coming during the mild winters with hot and dry siumaers.
The profile is nearly mature, but the degree of development is not very obvious
because nearly all of the soils of this series are heavy textured, most of them
being adobe clays having a high content of colloidal clay in both surface soil
and subsoil. The evidence of age is more definite in the distribution of lime
than in the distribution of colloidal clay. The soils occupy flat or very
gently sloping plains on which water accumulates during the rainy season. Subdrainage is restricted, both by the heavy texture of the soil and subsoil and
more definitely by the presence of a relatively impervious substratum. The soil
materials have accumulated as the very fine sediments deposited by turbid to
muddy waters. During the rainy season in winter there is some imnoff and erosion from adjacent areas and from the foothills that border the valley, and later
in the season the floods of major streams bring in more suspended material
eroded from mountains and deposited in the flat basins to form the Stoolcton
soils. As the soils are thoroughly wetted during the rainy season and again
during the period of spring floods, the vegetative growth of swamp grass,
sedges, and reeds is dense and heavy. The slow accumulation of tlae finest sediments mixed with the remnants of decaying organic matter from the native vegetation has very slowly built up the mass of the Stockton soils, while weathering has progressed steadily during the period of accumulation. Although
analyses show definite accumulations of colloidal clay in the subsoil horizons,
the differences in amount between the surface and subsoils is relatively low
and most of the evidences of age are found in the large accumulations of lime
in the deeper subsoil.
The surface soils are dark gray to black, heavy textured, and usually
of an adobe structure. When wet they are plastic and sticky, but when dry they
crack and shrink to large blocks ivith wide cracks between them, while secondary
shrinkage-cracks break the blocks to small hard fragments, resembling a coarsely
granular or small lumpy structure. The individual soil particle is dense, but
the very extensive system of cracks makes the mass rather open and pervious,
llllhen wet they are close and very slowly pervious. The surface soils are basic
but noncaloareous. They contain a high content of organic matter* mainly in
the colloidal condition and this, to a large extent, is responsible for the
very dark color. The surface soils are usually from 10 to 15 inches in depth
and grade to an upper subsoil of very similar character.
The upper subsoil is dark brownish gray or nearly black colorj when wet
is plastic an.d sticky and dries to hard irregular clods that are dense except
for the cracks. This horizon is quite calcareous, the amount of lime increasing with depth. At depths of from 2 to 3 feet the lower subsoil horizon is
brownish gray to gray, heavy textured, and of a hard cloddy structure. It is
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very calcareous with the lime disseminated through the mass and also in concretions. In some places the lime forms thin platy accumulations, sometimes
cemented to a thin irregularly-developed hardpan, though usually the lime occurs
as gray masses and soft concretions. This horizon rests abruptly on a substratum of yellowish and brownish-colored sandy clay, more or less consolidated
to a relatively impervious somewhat rook-like condition. It is noncalcareous
except in the upper portion where some lime and clay from the soil may modify
its character. The substratum is an older geological formation that appears in
many cases to be made up largely of fine debris of volcanic origin.
Under dry-farming conditions the soils are utilized for wheat, barley,
and pasturage. Excellent yields of grain are obtained if the crop is not
injured by flooding. Under irrigation the soils are utilized most extensively
for rice, this being the most characteristic rice soil in California. The heavy
texture gives a very slow movement of water through the soil mass and the dense
substratum definitely holds water, reducing the quantity of irrigation water
necessary to maintain the flooding during the g'rowing season. The heavy texture
of the soil provides a satisfactory medium for the development of the extensive
fibrous root system of the rice plant. TOiere rice is not grown, some areas are
devoted to sugar beets and to alfalfa. Difficulties are encountered in satisfactorily irrigating these crops, usually because of the very slow penetration
of water, which in the case of alfalfa, causes a tendency towards scalding.
Some areas have been planted to pears, figs, walnuts, and grapes. Growth is
fair but these heavy soils with the dense substratiua do not appear to be well
suited to the production of fruits. In some cases the Stockton soils have been
subdivided and sold in small farms. It is decidedly not suited to this type of
intensive use. During the winter the soils are very wet, sticky, and plastic,
and if tramped upon, as is usually necessary in small holdings, the soils become
puddled and when dry they bake to a very hard dense mass. The soils are best
utilized for extensive types of farming, which permit of the use of heavy tools
and large power units. They have been mapped over an area of about 345,000
acres, all of it in the Sacramento and lower San Joaquin valleys. The largest
single area occurs in Butte County just north of the Sutter Buttes and is very
largely devoted to rice. Ninety-six per cent of the Stockton soils are typical
adobe clays and nearly all of it has adobe structure. In mode of formation they
are related to the other "Basin" soils, most closely to the Merced and the
Sacramento series, while genetically they are related to the Honcut, Wyman,
Gridley, and Landlow series which are formed from similar parent material but
are less weathered and exist xmder conditions of somewhat better drainage.

BELLAVISTA FAMILY
The Bellavista family is composed of mineral secondary pedocalic simalithous soils. The family is not complete and the relationship between the
various series that are described vinder this heading is not well established.
Only two soils are here described, the youthful Surprise and the immature
Standish series. Many other series have been recognized but nearly all of them
are of minor extent and in their occurrence do not show a clear sequence of
weathering. Much research is necessary before the relationships can be worked
out or the profile conditions that exist be fully explained. The Surprise
series is composed of youthful soils occupying rather steeply sloping floodplains.
They do not contain lime within the solum, but in the upper substratim lime accumulations are very definite and it is evident that when less porous members of
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the series are discovered that lime will be found in the subsoil horizons as
well. The Standish series is older and not only has heavy accumulations of lime
in the subsoil but also has lime in the subsoil but also has lime in the surface
horizons. It occupies alluvial fans and terrace remnants. It is probable that
the Standish represents an older development of the Surprise series and weatherirLg underrather cold desert conditions.
The Bellavista series is not here described but shows a maturelydeveloped lime-hardpan profile. It occurs in very limited bodies, frequently
severely modified by erosion and profiles that represent an orderly process of
weathering are rather hard to find. It is probable that the Bellavista with the
Agate, Mono, and Gazelle represent mature profiles formed under different conditions of drainage smd climate.
Surprise Series
The Surprise series are mineral secondary pedocalic simalithous soils
that are not now typically calcareous but that appear to be vei*y definitely
weathering towards an accumulation of lime in the soil mass, and as mapped in
the Alturas Area have considerable areas of a "calcareous subsoil phase" that
indicates the trend of their development. The soils are derived from transported material made up largely of wash from basaltic and andesitic rock masses
with considerable admixture of tuffs. They occupy rather steeply sloping to
gently sloping alluvial fans and floodplains and are boing built up by the deposit of each year's overflow. They are found under Miorothermal "Semi-arid" (Ds)
and "Cold Steppe" (BSk) climates with relatively low rainfall, usually between
6 and 18 inches, with cold winters and warm dry summers. Snow frequently falls
during the winter and frost may occur throughout much of the year, the winter
temperatures frequently falling to below zero. The profiles are youthful with
no evidence of clay migration, and while there is no zone of accumulation, lime
is found coating some of the gravels and aggregates of the upper substratum and
probably is developing within the soil. The soils are well drained and the
normal cover is sagebrush and bunch grass.
The surface soils to depths of 8 to 14- inches are dark brown to dark
grayish brown, friable, without definite structure but breaking to a granular
tilth. They are neutral to sliglatly basic in reaction. The subsoils are brown
to dark grayish brown without structure but break to firm lumps and granules
which are sometimes slightly compaot. The reaction is slightly basic. At
depths of from 4 to 6 teet the subsoils grade to a substratum of coarse texture,
usually gravelly sediments, much stratified. Many of the gravels in the upper
portion of the substratum are more or less coated with lime.
The soils absorb water readily and have a fairly good water holding
capacity. Under dry-farming conditions the soils are utilized for pasture and
wheat with fair yields. The wheat is grown both for grain and for hay. Under
irrigation alfalfa is extensively grown both for hay and for seed. The yields
of hay are fair and the yield and quality of seed is good. Wild grasses are
also irrigated and either pastured or cut for hay. The soils are of good quality but their productivity is limited by the availability of the water supply
and by frost. The soils have been mapped most extensively in Modoc County
where over 5,000 acres were found, mainly on the eastern slopes of Warner Mountain in Surprise Valley, In Big Valley in Modoc and Shasta counties nearly
22,000 acres were ma.pped in 1920 under the name of Bxmtingville, These soils
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should have been classified as Surprise, as they do not correspond with the
typical Buntingville as developed in the Honey Lake Area. With the inclusion
of these soils of the Big Valley Area, the Surprise series is already mapped
in excess of 26,000 acres. The soils typically occur in the northeastern portion of California on the margins of the valleys in the lava platform and it is
probable that there are considerably larger areas in adjacent portions of Oregon
and Nevada.
Standish Series
The Standish series are mineral secondary pedocalic simalithous soils
formed of transported material of mixed geological origin but derived largely
from basic igneous sources. It occurs under desert "Steppe" (BSk) climates
with from 10 to 15 inches of rainfall. The winters are cold with temperatures
reaching nearly to zero Fahrenheit, Summers are warm but the frostless season
is relatively short, the period between killing frosts rarely averaging over 135
days. The soils have an imniature profile with definite but not extreme accumulations of clay in the subsoil and with decided horizons of lime accumulation.
They occupy sloping to undulating remnants of old alluvial fans and terraces.
Subdrainage is good while surface runoff is moderate and is accompanied by some
local erosion. The native vegetation is a heavy stand of sagebrush, some of it
reaching 6 feet or more in height.
The surface soils are grayish brown to light brown, and ordinarily
develop a rather weak crust-mulch structure, breaking to a granular or singlegrain tilth. They are porous, pervious, and quite calcareous. The orgajiio
matter content is low but rather obvious as the organic fragments are quite conspicuous in the surface soil material. At 12 inches more or less the soils
grade to a light brown to grayish brown subsoil that sometimes is of a yellowish gray color. It is definitely heavier in texture than the surface soils,
dries to rather firm clods, and when vret is rather plastic although this characteristic is masked by the high content of sand and angular fine gravel. They
are porous and fairly pervious and have a very high content of lime aoo\mulated
in seams, nodules, and as coating on the surface of gravels and structural units.
The subsoil continues in more or less the same character to depths of 4 to 8
feet, gradually grading to a substratvtm that is much like the soil or subsoil
in character. In places the soils rest on old lacustrine sediments of heavier
texture, more or less like the soils of the Lahontan series.
Under dry conditions the soils are utilized only for desert range. TOiere
the stand of sagebrush is heavy there is very little grass available, but where
the land has been cleared or where it is sparser, desert bunch grass affords
some grazing. Attempts have been made to produce dry-farmed grain, but these
have proved failures at all times except in those very rare years when the incidence of rain is most favorable. Under irrigation alfalfa is most generally
grown both for hay and for seed. Yields are fair to good and the quality is high.
There are some small areas that have been devoted to fruits, mainly apples, and
some vegetables have been grown for local markets. The soils have a fairly high
fertility but the very short growing season materially red^ioes the production.
They have been mapped over an area of about 40,000 acres, most of it in the
Honey Lake Valley with some areas in the Surprise Valley and the Alturas region.
Two-thirds of the area mapped is sajidy loam. Twenty-four per cent of the total
area is affected by alkali in injurious quantities. The soils occur as desert
margins, in most cases adjacent to old lakes, the Honey Lake arm of old Lake
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Lahontan being characteristic. It is probable that considerable areas will be
found in other desert valleys in northeastern California, and extensive areas
in Nevada. The soils are locally important, being one of the series that is
relatively free from alkali in a region where alkali accumulations usually
dominate the productive possibilities of the soils. In most cases the soils
lack available supplies of water for irrigation and this with the short-growing
season materially reduces their potential value. They are related to the
Surprise series, which appears to be a yoimger and less-weathered stage in the
development of similar parent material.

BIEBBR SUITE
The Bieber suite comprises series of mineral secondary pedooalic simalithous soils that have been formed as lacustrine or semi-lacustrine accumulations composed mainly of volcanic ash material. The suite is of limited extent
in California, but is probably quite extensive in eastern Oregon. It includes
the relatively youthful Modoc, the immature Gould, and the immature to semimature Bieber. These three do not appear to be in a family sequence, but to
reflect minor differences in mode of accumulation and the resultant effectiveness of the -weathering agents.
These soils occupy the beds smd sloping basins of former lakes in the
lavabed region of northeastern California and adjacent states. They are all
relatively shallow and rest upon a substratum of semi-consolidated sediments
of volcanic ash origin. The soil material and the substratuia consist mainly
of volcanic ash that fell directly upon the surface of lakes (formed by the
damming of valleys by lava flows) or that fell upon the adjacent mountains and
was eroded off and washed into the lakes, there to be reasserted and deposited
as typical lacustrine sediments. When the lakes were finally drained, by eroding outlet canyons through the lava dams or by the opening of subterranean
passages through the lava mass, these sediments -vrere exposed to weathering and
soil forraation processes. Since then profile development has progressed to the
stages indicated above. The Bieber and Gould are lakebed deposits, while the
Modoc appears to have been beaohline or shallow bar materials. All three have
been somewhat modified by water and wind erosion, although the typical lacustrine terrace or lakebed topography is but little altered.
In origin and profile characteristics the soils closely resemble the
Tepetate soils of the central plateau of Mexico •which may be recognized as one
of the "World Groups." The Bieber series is the only one herein described.
Bieber Series
The Bieber series are mineral secondary pedocalic simalithous soils
that do not now contain any lime but in their processes of weathering will
probably accumulate lime in the subsoil as they reach a more mature stage. The
soils are derived from lacustrine sediments that are made up very largely of
andesitic and basaltic volcanic ash with some alluvial admixture. They have
been formed under Microthermal semi-arid (Ds) climates with 12 to 18 inches of
rainfall and cold winters with some snow. Frost is liable to occur any month
in the year, although normally July and August are frost free. The profiles
are in the immature stage with definite clay accumulations that suggest a near
approach to semimaturity. The soils occupy gently sloping, level or undulating
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to rolling areas, the latter conditions representing a degree of erosion of the
old lake sediments from which the soils have been fonued. The native cover is
grass and desert brush. Erosion is limited except from the very rare steep
slopes.
The surface soils are dark brovm to dark grayish brown in color with a
slight tendency towards a development of the crust-mulch structure. The immediate surface after a rain tends to pack to a rather firm crust, but the mulch
does not always form as a characteristic second layer. When plowed, the surface
soils break to somewhat firm lumps and coarse granules. The structural units
are fairly porous with many cracks and other openings. They are neutral to
slightly basic in reaction and usually are from 10 to 15 inches in depth.
The subsoils are brovm. to dull grayish brown with a rather high content
of colloidal clay. They are plastic when wet and when dry break into cuboid
lumps that develop secondary cracks and break to rounded fragments 1 to 2 inches
across. This breakage develops a rather coarse nut-structure. Reaction is
slightly basic. The subsoils at depths of 20 to 30 inches rest abruptly on a
substratum of stratified lacustrine sediments which in the upper portion usually
shows some consolidation and cementation due to colloids and dissolved materials
infiltrated from the soil. The deeper substratum is usually looser in texbure
than the upper portion which locally is spoken of as a hardpan, although it does
not conform to the standards of a true hardpan.
The soils have low value and are utilized mainly for pasture, although
some areas are being developed to dry-farmed grain with rather low yields.
Ordinarily the profile is shallow, the substratum usually being less than 2
feet below the surface. The capacity for water storage is thus limited and the
yield of dry-farmed crops correspondingly reduced. The soils are found in the
northeastern portion of the state on the lava platform. About 116,000 acres
have already been mapped in Shasta and Modoc counties, A considerably larger
area has not as yet been studied. The soils are related to the Gould and the
Modoc series in both character and origin.

AREHALITHOUS DIVISION
The arenalithous pedocalic secondary soils include a very large number
of series, which when their relationships are fully worked out will form a
number of distinct families. The soils show the usual differences in characteristics due to variations in the sandstone and shale rocks and primary soils from
which they were derived, and also show strikingly the effects of differences in
climatic influences and drainage oondibions during the progress of their accumulation and weathering. The streams that have formed the alluvial plains on
which these soils lie are usually short and the volume of water, except during
very brief floods, is very limited. The deposition of sediment is intermittent
and irregular, and the degree of weathering, even on a relatively smooth alluvial slope, may be quite different from place to place. All of these influences
contribute to making the soils of this division quite variable and result in
the large number of series.
Family relationships are usually difficult to determine as it is rare to
find unweathered, partially-weathered and maturely-weathered series so located
that their genetic relationships can be definitely established. A large number
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of fragmentary families have been recognized, but no complete families have
been discovered. Because of the lack of definite evidence regarding the family
relationships, the soils are here grouped in "suites" based on the similarities
in the parent material from which the soils were derived. Three suites, the
Yolo, the Dublin, and the Brentvrood, are presented, together with two incomplete
families, the Antiooh and the Lost Hills.
The trend of development of these arenalithous soils may diverge widely,
depending on minor differences in the parent material, on differences in degree
of leaching, and on differences in drainage conditions. The mature profiles may
show heavy claypan subsoils, may be of solonetz-like character, or may develop
lime-cemented hardpans. Few matured soils have been discovered, most of the
soils showing youtliful or intermediate stages of development.

YOLO SUITE
The Yolo suite includes a number of series that are related but for
which there is not now sufficient evidence of sequence of development to establish family relationships. More series must be discovered, and much more
research is necessary before the trend of development and full family relationships can be detennined. All the soils are related in origin of their parent
material and on this basis are included in the suite.
The soil series in this suite are mineral secondary arenalithous or
argillolithous pedocals, although the Yolo and Zamora are not definitely calcareous. The Sorrento series is in most features very similar to the Yolo, but has
a calcareous subsoil, while the Mooho is an equivalent of the Yolo that has lime
in both the surface soil and subsoil horizons. In their most characteristic
development the soils of the Yolo suite appear to be developing from, the recent
Yolo series through the youthful Zamora and the immature Capay to some mature
profile that would include a heavy clay subsoil with a lime-cemented horizon.
Under other conditions they might develop toward the conditions described under
the Antioch or similar families.
Yolo Series
The Yolo series are mineral secondary noncalcareous pedocalic arenalithous soils formed of transported material derived originally from sandstones and
shales with minor admixtures of material fi-om other sources. The soils are
found under varied climatic conditions both with respect to temperature and
rainfall, but in most cases the precipitation is greater than 15 inches, all
of it falling during the winter season. The largest areas of the Yolo series
have been encoTintered under Mesothermal "Heather" (Csb) and "Olive" (Csa)
climates, although there are areas found under both cooler sind much hotter
climates. The profile is recent to very youthful in ctiaracter and shows very
slight response to the -weathering effects. The soils occupy floodplains and
confluent alluvial fans that make up broad sloping alluvial plains. Subdrainage is generally good and runoff is usually accompanied by deposition of material
brought in from higher areas rather than by erosion.
The soils have been built by deposition of alluvial material carried
into the valleys by relatively minor streams and the gradient of the alluvial
fans and floodplains is usually very gentle. The accumulation of soil material
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has progressed steadily but slowly and the play of the stream across the fsm
has been in many cases so slow that a portion of the soil would weather slightly
before additional deposits of fresh material were laid on the surface. This
condition has developed a rather intricate pattern of interwoven areas of soils
that are strictly recent showing no weathering whatever in the entire profile,
soils that show some evidences of subsoil development, and soils that quite
obviously have strictly recent surface horizons resting upon slightly-weathered
buried soils and subsoils. The degree of variation in the profile is minor in
all cases and probably would not be noticed by any but the highly-trained observer. The pattern of variations is so intricate and the variation is so minor
in character that the soils have not been separated on the basis of these slight
differences in profile characteristics. The soils also reflect local influences
of variation in parent material. The parent rock, sandstones and shales, are
themselves variable and in some cases the Yolo soils may come almost wholly from
sandstones of a particular character whereas closely adjacent soils or sometimes
a confluent fan may be largely derived from a sandstone or a shale of different
character. In most cases these materials are mixed, either in the stream itself
or by flooding of the alluvial plain by different streams, giving a somevdiat
heterogeneous but reasonably uniform character to the soil material. In this
respect the soils are quite different from those of the Hanford series which are
deposited usually by major streams that head back vrell into the mountains and
develop a load of sediment of sufficient amount to give a thorough mixing and
high degree of uniformity in the deposited sediments. The Yolo soils characteristically shov/ minor variations in profile and in composition. The natural
cover of the series varies with the region in which it occurs. Throughout most
of its extent it bears a fairly good stand of oaks with a ground cover of grass.
In some places it is definitely xvooded, while in others the trees may be sparse
or almost wanting and the cover mainly grass and herbs.
The surface soils are brown, the color varying from a light brown to a
fairly dark brown, the differences being mainly due to differences in parent
material, to differences in organic matter content, smd to differences in texture, the heavier textures usually being darker brown than the light textures.
The surface soils are of indefinite structure, but break to a granular tilth.
They are porous and pervious with a very large number of worm and insect burrows
that makes them much more pervious than their actual character would suggest.
They have a tendency to form a plowsole if tilled when wet and in the case of
the medium and heavy types this may develop to a rather dense and slowly pervious
layer in the subsurface soil. All of the soils except the very sandiest members
may contain appreciable amotmts of colloidal clay which undoubtedly does not
represent colloid development by the weathering of the soil itself, but is inherited from the parent clayey rooks and from the primary soils that are eroded to
contribute the major portion of parent material of the Yolo soils. The reaction
is generally neutral and the soils may extend without change to depths varying
from 6 inches to 6 feet or more.
The subsoils ordinarily are somewhat lighter in color, ranging from
light brown to brovvn, but in most other ways are similar to the surface soils.
Where weathering has progressed to some extent the lumps and clods in the subsoil show a small amount of dark-colored colloidal coating on the faces and this
is also noticeable in any large holes or burrows. Analyses do not show any consistently larger content of colloidal clay in the subsoils as compared to surface
soils, the colloidal migration apparently being confined to accumulations in the
cracks that serve to form the beginning of structural units. The subsoils are
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usually neutral to slightly basic in reaction. The substratum is essentially
the same as the subsoil although it may consist of very definitely stratified
layers.
The soils have a high water-absorbing power and a good water-retaining
capacity. Where the rainfall is fairly high they are used under dry-farming
methods for the production of grains, beans, almonds, prunes, and grapes. Very
extensive areas in the coastal valleys of southera California are utilized for
the production of lima beans, the water of the rainy season being held in the
soil and the quantity being sufficient to carry the bean crop through to full
development before the beginning of the fall rains. Under irrigation almost
all crops that are grown in the state are being produced on these soils. The
main exception would be rice as the soils are too pervious and too well drained
to permit the continuous flooding necessary for rice production. In locations
where they are relatively free from frost extensive citrus plantings give
excellent returns. In other regions all of the deciduous fruits and nuts,
grapes, and subtropical fruits are being produced. Practically all of the forage crops, field crops, vegetables, and truck crops are grown on theöe soils.
The yields are generally good to excellent, the soils being highly productive
and fertile.
The total area of the Yolo soils as mapped exceeds a million acres,
most of it on the west side of the Sacaramento Valley and the lower San Joaquin
Valley and in the coastal valleys. Much of the area mapped as Yolo in the
Reoonnoissance Survey of the Lower San Joaquin Valley includes older soils with
the evidences of weathering very much better developed. Ifhen detailed surveys
are made in this section, these areas will be mapped under different series
names, materially reducing the extent of Yolo soils* In the Holllster Area the
soils mapped as Yolo are calcareous. Those that have lime in both the surface
and subsoil should have been correlated with the Mocho series, while those having lime only in the subsoil probably belong with the Sorrento. The Yolo soils
in Ventura, Los Angeles, Orange, and Riverside counties all contain areas where
they are mixed in part with the soil material characteristic of the Hanford
series. In many cases the alluvial plain on which the Yolo soils were developed
was occasionally flooded by waters from streams that normally built the Hanford
soils, giving occasional mixture of Hanford parent material with that of the
Yolo, This is evidenced usually by the presence of mica in these Yolo soils.
The studies indicate that in the main they correspond to the typical Yolo and
it is believed that they are properly correlated. By far the larger part of the
Yolo soils are typical of the series as described above,
Zamora Series
The Zamora series are mineral secondary noncaloareous pedocalic arenalithous soils formed from transported material derived originally from sajidstone and
shale rocks, but which for the most part has been eroded from areas of Los Osos,
Hugo, and Altamont soils transported and redeposited by minor streams. It is
found under Mesothermal "Heather" (Csb) and "Olive" (Csa) climates receiving
15 to 20 inches of rainfall with mild winters and warm dry summers. The profile
is youthful to immature in development.
The soils occupy smoothly sloping confluent alluvial fans of low gradient forming rather broad alluvial plains which
are occupied by Capay, Zamora, Esparto, Yolo, and other related series, most of
which differ from each other mainly in the degree of profile development and in
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drainage conditions. Subdrainage of the Zamora series is moderately good,
•while runoff is slow and there is little or no erosion. The native cover was
grass with a tree cover of open oak woods.
The surface soils to depths of 9 to 14 inches are dull brown to dark
grayish brown. They are naturally friable, granular, and porous, but on exposure to beating rains or after irrigation the surface tends to rim together
and pack to a rather hard crust, which, however, breaks readily to a small
lumpy or coarsely granular tilth. The soils are slightly acid in reaction.
They naturally contain sufficient colloidal material to be somewhat plastic
when wet and if plowed when the lower portion of the plow slice is wet there
is a strong tendency to form a plow sole. There is little or no evidence of an
accumulation of clay in the formation of these dense layers, but they appear to
be a physical phenomenon, due to the shear of the moving plow and the consequent
puddling of the zone. The volume weight of the plowsole horizon is frequently
above 2.0, while the soil above and below it will be from 1,25 to 1.5.
The upper subsoil, v/hioh usually extends to depths of 30 to 40 inches,
is dull brown to dark grayish brown, heavier textured than the surface, but
without definite structural arrangement. It breaks to rather irregular clods
that are plastic when wet and firm to somewhat hard ^vhen dry. The lower subsoil is of heavier texture and has a strong suggestion of the beginning of
columnar structure. Jfeny of the cracks are parallel and in some cases columns
are characteristically formed v/hen the soil dries out. The outside of the clods
and coliAmnar fragments in the subsoil horizons are semi-coated ivith a darkcolored colloidal stain and are distinctly darker than the inner portions of
the fragments. This would indicate that the cracks were recurrent in the same
location and that the fragments were definite structural units. Throughout the
surface soils and subsoils under natural conditions are a very large number of
worm and insect burrows and with farmed soils that have lain uncultivated for
any length of time those holes are also much in evidence. They modify the
structural characteristics and make the soil more porous in both appearance
and character. The subsoils are usually close to neutral, the pH varying from
6,8 to 7.2. At depths of from 4 to 6 feet they grade to an underlying material
that is usually of indefinite structure, lighter textured than the subsoil and
often stratified. It is made up of alluvial sediments similar to those which
form the solijm.
Under dry-farming practice the soils are utilized for grains and pasturage, with considerable areas in prunes, apricots, and grapes. Under irrigation they are utilized for alfalfa, beets, vegetables, and other field crops,
and very extensively for prunes, apricots, and grapes. They have a high productive capacity and are one of the very good series of soils in the region.
They have been mapped over an area of about 20,000 acres, most of it in Solano,
Napa, and Contra Costa counties. Smaller areas occur in other coastal valleys,
with a considerable amount along the vrest side of the Sacramento and northern
San Joaquin valleys. They are productive soils both under dry-farming practices
and under irrigation. They are older than the Yolo and are derived from the
same kind of parent material. They are very closely related to the Esparto
series •vdaioh is of lighter color arid probably derived from slightly different
materials.
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• Capay Series
The Capay series are mineral secondary pedocalio arenalithous soils
derived from, transported materials originating mainly from sandstone and shales.
The soils have been formed in Mesothermal "Heather" (Csb) and "Olive" (Csa)
climates imder rainfall of from 15 to 20 inches m t h mild wet winters and i/mrm
to hot dry summersé They occupy broad, rather flat alluvial f&ns that have been
built up very slowly and that even now are occasionally covered by floods. The
soil profiles are in the immature stage of weathering, showing distinct accumulations of clay but not yet having developed a definite olaypan. Part of the
weathering has proceeded ooincidently with the accumulation or deposition of the
soil material, the period between flooding and deposition being so long that the
profile would be modified by downward migration of clay before fresh sediment
was added by succeeding floods. The native cover is mainly grass and herbs.
Runoff is slow with no material erosion, while subdrainage is usually rather
poor.
The surface soils to depths of from 8 to 12 inches are a dull grayish
brown color, usually without definite structure but breaking to a lumpy tilth.
When dry these lumps become rather hard and even when worked at the most favorable condition of moisture it is difficult to develop a good granular tilth.
The soils have rather low quantities of organic material, are quite porous, with
many worm and insect holes, and have a neutral to slightly basic reaction.
The subsoils to depths of 3 to 4 feet are dark grayish brown in color
and of heavier texture than the surface, but without a very definite structural
arrangement. On drying they crack to rather coarse clods and lumps with a suggestion of parallelism in the vertical cracks and some tendency tovirards the
beginning of a columnar structure. The aggregates are rather dense with small
pores but are cut through by numerous vrorm and insect holes. The subsoils are
usually plastic when wet and when dry are quite hard. They are typically calcareous, the lime usually beginning in the middle portion of the subsoil
horizon and increasing to a maximum in the lower subsoil. The subsoils are
strongly basic in reaction, frequently having a pH above 9, The substratum is
usually alluvial sediments quite similar to the soil and subsoil, but in many
places a second deeper substratum, of older, compact sediments is encountered at
depths of from 6 to 8 feet below the surface. This substratum is dens© and its
presence accentuates the normal restricted drainage conditions.
The soils are generally utilized for dry-farmed grain and pasture,
although some areas are irrigated and devoted to alfalfa and occasionally to
orchards of apricots or prunes. More than 90 per cent of the Capay series are
clay loams and clays and with the rather poor subdrainage and heavy texture they
are not vrell suited to the production of fruits or alfalfa, but give better
returns when utilized for the production of grain, sugar beets, and sorghums.
Yields of these crops are good if irrigation is available or in years of favorable rainfall if dry fariiföd. The soils have been mapped over a total area of
nearly 200,000 acres, the largest occurrence being in Solano and Yolo counties.
Considerable areas are found scattered through the valleys in the Coast Ranges»
They are developed from the same material that forms the Yolo series but are
older and formed under conditions of restricted drainage.
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BREHCTOOD SUITE
Th© Brentwood suite is composed of mineral secondary pedocalio arenalithous soils that are derived from shales and sandstones and fVom reddish-colored
primary soils developed fl-om these rock sources. The reddish tint of the Brentwood and Willows soils is inherited from these parent materials. The suite is
abbreviated, with only two series discovered, and these show little evidence of
family relationships, although the Brentwood is youthful to immature while the
Willows appears to be semimature in profile development. The soils occupy
gently sloping alluvial fans and flat, partially-enclosed basins. The subsoils
are calcareous, and in the basins the soils usually show considerable accumulations of alkali.
Brentwood Series
The Brentwood series are mineral secondary pedooalic arenalithous soils
formed of transported materials derived mainly from sandstone and shale sources.
They occur under Mesothermal "Olive" (Csa) climate with from 15 to 20 inches of
rainfall during the winter season followed by hot dry summers. The profiles are
youthful to immature, being somevjhat variable, this difference in degree of subsoil development being so irregular in occurrence that mapping on a strict basis
of stage of development is difficult, if not impossible. The range in subsoil
characteristics is not wide, although it is definitely recognizable. It has
been brought about by the process of very slow accumulation, the amoxmt of
annual increment of alluvium deposited on the alluvial fans occupied by these
soils being small and in some cases deposition has persisted for several years
on some parts of the fan, while in other adjacent parts very little deposition
may occur. Where deposition has been persistent and in larger amounts, the profiles are more youthful, while where it has been slowery the profiles show much
greater extent of subsoil development. The two conditions form a very intricate
pattern, usually in the form of long stringers that interlace to form more or
less of a network. The soils occupy gently sloping confluent fans with the
streams rather deeply entrenched in narrow rather pronounced alluvial ridges*
At times of exceptionally severe floods, the streams may break from, the old
channels and start the construction of a new channeled ridge. Subdrainage is
fair to good with runoff accompanied by deposition. The native vegetation is
grass and herbs with a few scattered trees.
The surface soils are brown to dull chocolate brown, becoming rather
darker and somewhat reddish when wet. Smooth surfaces of clods exposed in a
plowed field appear quite red when viewed from a distance but when examined in
the hand the color is apparently quite definitely brovm. The surfaces develop
a granular structure and the surface soils break to a typical granular or fine
lumpy tilth. They are moderately porous and are penetrated by very numerous
worm and insect burrows and old rootholes. They are neutral in reaction aftd
usually extend to depths of from 10 to 12 inches or more.
The upper subsoils are brown to chocolate brown, heavier-textured than
the surface and with rather irregular cloddy to coarse lumpy structure* The
surfaces of the clods and lumps are coated with colloids and the colloidal content of the subsoil itself is slightly higher than that of the surface soils.
They are rather plastic when wet, and the reaction is moderately basic. They
break to clods and lumps of firm to hard consistence and are naturally rather
dense but penetrated by many insect burrows. The lower subsoils are brown to
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yellowish brown, occasionally a rather chocolate brown color and are heavy textured, breaking to rather coarse clods and lumps that are of firm to hard consistence and naturally dense but penetrated by many insect burrows. The lower
portion of the subsoil is usually slightly to moderately calcareous. The substratum is generally of the same character and may extend to considei*able depths.
Under dry-farming conditions the soils are devoted to grain, barley, and
wheat that are grown both for grftin and for hay. Yields are good to excellent.
Under irrigation alfalfa and a few other field crops are generally grown with
some small areas devoted to rice. Only a ver'y small part of these soils has as
yet been irrigated, and in all probability when irrigation is available they
will be utilized for fruits, particularly apricots, and grapes, with probably
more or less acreage in prunes, pears, and almonds. They also should give good
results with vegetables, sugar beets, and other field crops. They are good
soils with high water holding capacity and relatively high fertility. They are
found mainly in the Sacramento. Valley with probably some small areas in the
coastal valleys of the central and northern part of the state. About 99,000
acres have been mapped, mainly the loam and clay loam textures. Approximately
15 per cent of this is affected by alkali.
In this description of the Brentwood series is included the well-drained
upland soils that in the Sacramento Valley (Colusa and Willows area) have been
mapped as the loam and clay loam types of the Willows series. The heavytextured soils mapped as Willows soils in the basins on the west side of the
Sacramento Valley are considered to be typical of the Willows series and are
described elsewhere. In the Concord Area the soils mapped as the Brentwood
series have the characteristics of the well-drained "Willows" soils as described
above and these when combined with the similar soils in the Sacramento Valley
will make both the newly-defined Willows series and the Brentwood series consistent and pedologioally sound.
Willows Series
The YlTillows series are mineral secondary pedocalic arenalithous soils
derived from transported material mainly of sandstone and shale origin, occurring under Mesothermal "Olive" (Csa) climate with from 15 to 20 inches of rainfall during the winter followed by hot dry summers. The profile is semimature
in development although in most locations the degree of weathering is hard to
recognize because of the very heavy texture of the soil material as a whole.
The soils occupy gently sloping to flat basins and basin-like plains» Subdrainage is very decidedly restricted because of the dense nature of the subsoils. During the rainy season v/ater stands on the soils as broad thin sheets
or in local shallow ponds and when heavy storms produce runoff from the
adjacent uplands these soils are flooded to a considerable depth. Runoff is
very slow and there are numerous areas where shallow basins may hold water
until it evaporates. The native cover is composed largely of alkali-tolerant
herbs and shrubs and usually is rather sparse. Where the alkali content is not
high the cover is a rather sparse growth of grass and lov/ shrubs.
The surface soils to depths of
grayish chocolate brown, the immediate
developing an alkaii-crust structure.
arrangement, drying to irregular lumps

15 to 30 inches are grayish brown to
surface being usually laminated or
The subsurface is without structural
and breaking to a rather coarse lumpy
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tilthj -when wet they are very plastic and sticky. The pores are fine and the
soils are very slowly pervious. They are usually neutral in reaction except
where alkali is present when they are ordinarily 'basic. The upper subsoil is
a yellowish brown to dull bro\vn plastic colloidal clay. It dries to coarse
clods that are very hard and dense. Water penetrates this subsoil very slowly
and while it becomes wet during the rainy season percolation is exceedingly
slow. The reaction is strongly basic and the subsoil is usually calcareous.
The deeper subsoil is usually much the same as the upper subsoil although generally more yellowish brown in color with some irregular occurrences of bluishblack or of gray plastic clays. They are very dense, usually calcareous and
frequently alkaline.
Under dry conditions the soils afford a very scanty pasturage. For
many years they were practically vmused, and were the resting place for the
great flocks of geese that vdntered in the Sacramento Valley, the soils being
locally known as "goose-lands." During the world war they were brought under
irrigation and have been devoted to the production of rice and to shallow-rooted
crops such as grain. Most of the types thus far enao\mtered are clays and adobe
clays, of ivhich about 190,000 acres have been mapped in the Sacramento Valley.
Fifty-eight per cent of the total area is rather badly affected by alkali and
alkali accumulations occur in the deeper subsoils of areas that are now free
from surface alkali accumulations.
In the above description the Willows series is recognized to consist
only of the basin lands of heavy texture, excluding the sloping better-drained
uplands that have previously been mapped as Willows. The two conditions have
developed soils that are distinctly different in both their pedologic and
agronomic characteristics. The "Willows" series, as originally mapped in the
Colusa Area (1907) included tvio profile conditions that have since been separated
and recognized as distinct series. The name Willows is retained for the poorlydrained basin soils, while the better-drained alluvial fan and floodplain soils
have been named as the Brentwood series.

DUBLIN SUITE
The series included in the Dublin suite are all mineral secondary pedocalic arenalithous and argillolithous soils. The Dublin and Clear Lake are
closely related, being very similar in most of their morphological characteristics and differing mainly in lime content. The Dublin soils are nonoalcareous,
and nearly neutral in reaction, with an absorption complex that is normally
base saturated, while the Clear Lake soils have calcareous subsoils. In the
earlier surveys they were not separated but were shown on the maps as Dublin.
In later surveys they have been separated, but in many locations the two series
are very closely intermingled and it has been very difficult to make an accurate
separation. The Clear Lake is usually a little older in profile development
than the Dublin, although this may be due mainly to more restricted surface and
subdrainage.
The Montezuma series are well drained in their present condition and are
between immature and semimature in stage of development. They occupy terrace
remnants and may have been developed from Dublin or Clear Lake soils that were
later elevated or tilted by crustal movements. With the better drainage thus
established they could have weathered to their present profile conditions. In
profile features they show many of the characteristics of the Chernozem group.
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Dublin Series
The Dublin series are mineral secondary nonoalcareous pedocalic arenalithous soils formed from transported materials derived from sandstones and shales.
They occur under Mesothermal "Heather" (Csb) and "Olive" (Csa) climates with
from 15 to 30 inches of rain but shov; little or no response to climatic influence. The soils are recent and in most locations are now being formed, occupying alluvial fans of low gradient and flat basin-like floodplain areas. The
topography is gently sloping to nearly level a,nd the surface is usually smooth
with a few channels and very lov^ stream-built ridges. The drainage is usually
poor to fair and flood waters are building rather than eroding these soils.
The native cover is usually grass with some scattered trees, the grass being
dense and the grovirth heavy.
The surface soils to depths of 10 to 18 inches are dark gray to black
without definite structural arrangement but breaking to a lumpy and somewhat
cloddy tilth. Over 95 per cent of the total area is clay loam or heavier, over
55 per cent being clays. The clays and the heavier clay loam develop a characteristic adobe structure, breaking into large rather regular blocks separated
by wide cracks and developing a secondary structure of small lumps and coarse
angular granules. Wlien wet the soils are usually very plastic and if tilled
when too moist they develop a puddled structure, but if properly handled a very
good tilth can be readily developed. They are usually heutral or slightly acid
in reaction and contain fairly large amounts of organic matter.
The upper -subsoils are dark gray to black in color, v/ithout definite
structural forms and usually are of a heavy clay texture, plastic when wet and
drying to hard clods. They are generally neutral in reaction. They grade at
depths of 24 to 36 inches to a lower subsoil or substratum that is somewhat
lighter in color, ranging from a dull gray to dark gray with more or less
mottling with brown and gray spots. Worm holes and some insect holes penetrate .
surface and subsoil.
Under dry-farming conditions the soils are utilized for grains, mainly
barley and wheat, and for beets, tomatoes, beans and extensively for pasture.
Some pears are being grown without irrigation on the lighter type. Under irrigation the same crops are grown, but with more of the acreage devoted to beets,
tomatoes, and pears, and vnth considerable areas devoted to the production of
vegetable seeds, flower seeds, and bulbs. Locally seed production is an important agricultural industry. The soils are productive and of high quality but
their heavy texture makes them rather difficult to handle. As mapped in the
older surveys the Dublin series has included considerable areas that have
appreciable quantities of lime in the subsoils and are now recognized as the
Clear Lake series of soils. The Dublin series have been mapped throughout the
Coast Range region and in southern California, and most of the areas mapped
prior to 1926 included from 15 to 50 per cent of Clear Lake soils with the
Dublin. The need for separating the Clear Lake from the Dublin was recognized
in 1926 Eind the areas mapped as Dublin since that time do not include any soils
having calcareous subsoils. There are probably over 150,000 acres of typical
Dublin within the state.
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Clear Lake Series
The Clear Lake series are mineral secondary pedocalio arenalithous soils
formed from transported materials derived from sandstones and shales and deposited as low gently sloping to nearly flat alluvial fans, floodplains, and in
some places as lake terraces. They are formed under Mesothermal "Heather" (Csb)
climate having a rainfall of 20 to 30 inches with cool to cold v/inters and hot
dry summers. The topography is flat to gently sloping and drainage is generally
poor, with limited runoff and no erosion. The native cover is a fairly complete
stand of oaks and other trees with an undercover of grass. In the poorestdrained areas the trees are generally willows and sycai-riores. The profiles are
recent to youthful in development.
The surface soils to depths of 6 to 10 inches are dark gray to black,
nearly always heavy-textured, adobe clays predominating. They are firm to hard
in consistence and break to a coarse lumpy tilth. The lumps are fairly dense
but the soil mass is opened to a considerable degree by the numerous and frequently very large cracks, the major ones forming the adobe blocks. The surface
soils are neutral to slightly basic in reaction.
The upper subsoil is usually dark gray to black with the same general
structure as the surface but more compact and dense. It is usually basic in
reaction but nonoalcareous, although occasionally some lime may be present. At
depths of 12 to 24 inches the subsoil is a dark gray to gray or sometimes somewhat bluish gray color occasionally mottled with brown.ish stains. It is calcareous and although the amount of lime varies markedly, it usually increases with
depth. T/Vhen the deeper subsoil is dry it breaks into somewhat columnar structure, the columns being very irregular in shape and of large size, suggesting a
block structvire rather than true columns. The substratum is usually encountered
at depths of 4 to 7 feet and is composed of stratified sediments of heavy textures, more or less calcareous but containing less lime than the deeper subsoil.
The soils are utilized for grain and pasture and in local areas are dry
farmed to tomatoes, beans, and beets. With irrigation alfalfa, beets, tomatoes,
and vegetables are grown. Production is generally high and the soils are quite
fertile. Their heavy texture makes them difficult to till, particularly during
the rainy season, and after irrigation if the soil is left until it is well
dried out the surface packs hard and bi-eaks to rather coarse lumps, while if
tilled before it is well dried the subsurface tends to form a plowsole that
interferes m t h the downward movement of moisture. Fruit is grown on some areas,
pears being the most general fruit crop. Some vjalnuts have been planted but
growth of the trees is not so good as on other better-drained and lightertextured soils. The soils have been extensively mapped in Lake, Contra Costa,
and San Luis Obispo counties. Other large areas exist in Alameda, Santa Clara,
and other counties of the Coast Ranges, as vrell as some smaller areas in southern California. On the Reoomioissance Surveys of the San Francisco Baji' Region
and San Diego Area most of these soils were mapped with the Dublin series and
in some of the old detailed surveys, particularly the Santa Maria region, they
have been correlated with the Dublin, The two series are very similar in many
features but the Dublin is nonoalcareous throughout the entire profile, while
the Clear Lake has definite lime accumulations in the subsoil. There is some
evidence that the lajne in the subsoil of the Clear Lake is being leached downward and that the series may continue to develop to the Dublin condition. On
the other hand, in places where the water table is high there is definite
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evidence that lime is being brought into the subsoil by calcareous waters and
is now accumulating there> thus producing the Clear Lake characteristics. Without testing for lime in the deeper subsoil, it is generally impossible to
distinguish the Dublin from the Clear Lake.
Montezuma Series
The Montezuma series are mineral secondary pedooalic arenalithous soils
formed of transported material of mixed geological origin. They are formed
under Ifesothermal "Olive" (Csa) and "Heather" (Csb) climates with 15 to 20 inches
of rainfall, mild winters and virann to hot summers. The profiles are moderately
weathered and have reached a stage between iiraaature and semimature. They occupy
rolling to undulating topography and terrace-like fragments of old alluvial fans.
These soils are elevated considerably above the present adjacent plains and undoubtedly represent a very much earlier alluvial deposit. The soils have fair
subdrainage and during the dry season they crack to sucli an extent that subsequent rainfall is absorbed readily and runoff rarely occurs. Consequently,
erosion is limited except on steep slopes or at times of very severe rains.
The native vegetation was a dense cover of grass and herbs. In more recent
years wild oats constituted a major portion of tho cover, the growth being very
dense and heavy.
The surface soils to depths of 8 to 15 inches are dark brownish gray to
dark gray, becoming darker iRrtien wet. The soils are heavy textured, the adobe
clays predominating. The surfaces crack to typical adobe structure, with wide
openings between the large blocks. Secondary cracks break these adobe blocks
into small angular lumps and granules that have firm to hard consistence. The
fragments are fairly dense but the very numerous cracks make the soil mass quite
porous. When wet the soils are decidedly plastic, but they do not tend to run
together but instead maintain a naturally coarse granular tilth. Reaction is
neutral to slightly basic and the organic content is fairly high.
The subsoils are dark brown to brownis?i gray and of somewhat heavier
texture than the surface, although because of tho normal very high clay content
of both horizons this is difficult to recognize except by a physical analysis
which will shoviT the higher content of colloidal material. The subsoils are
plastic when vret and when dry break to clods and angular lumps that are hard
and brittle, the outside of the fragments being slightly coated with colloidal
stain. They are calcareous, the lime being disseminated through the mass and
also concentrated in seams and nodules. In addition to the cracks that extend
through the soil and subsoil there are some insect burrows. The subsoils at
depths of from 3 to 5 feet grade to a yellowish gray stratified substratum that
is usually of a sandy clay texture. While it is calcareous it does not contain
as much lime as does the subsoil, there being a very definite concentration zone
in the lower subsoil horizon.
The soils under dry farming are utilized for grains, mostly vjheat and
barley, and for beans, sorghums, and other field crops. In a few localities
prunes and pears have been planted and vegetables, beets, and tomatoes are also
being grown. Yery little of the soil is irrigated but the yields \mder dry
farming are generally good except in years of severe drought. About 250,000
acres have been mapped, of which about 80 per cent is the adobe clay type. The
soils are related to the Denverton, differing mainly in color and probably in
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character of parent material. The Montezuma series has been mapped throughout
the Coast Range valleys, in the coastal portions of southern California, and in
the Sacramento and San Joaquin valleys. In most of its occurrence there are no
available supplies of water for irrigation, and because of its heavy texbure
and irregular topography irrigation would be rather difficult. With water available the yields of vegetables that do well on heavy clays should be quite satisfactory. The soils as a whole, however, are best suited to the production of
grain and beans under dry-farming conditions.

MTIOCH FAMILY
The Antioch faraily is composed of mineral secondary arenalithous and
argillolithous pedocalic soils. As a family it is not complete. The Aiitioch
does not appear to be fully mature, although it has a characteristically developed solonetz morphology viiich, is now subject to a certain degree of degradation.
The soils have been developing under conditions of good drainage and probably
originate from Yolo-like recent soils or from Sorrento or Mooho soils which are
calcareous equivalents of the Yolo. The Esparto is probably a youthful member
of this family with the Rincon, Ambrose, and Antioch as successive stages, although the Rincon may be working more to the Alicio family character rather than
to the Antioch. In addition to the Antioch, the Huerhuero, Alicio, Olcott, and
Stockpen series have characteristic solonetz morphology and have been formed
under more or less similar conditions. Their differences appear to be due in
part to minor variations in the parent material and in the drainage conditions
under which they have developed. The Cachuma, Canby, Olivenhain, and Las Flores
likewise have solonetz morphology but have been derived from materials of different origin. The Esparto, Rincon, and Antioch series are herewith described.
Esparto Series
The Esparto series are mineral secondary noncalcareous pedocalic
arenalithous soils formed from transported material derived originally from
sedimentary rooks, mainly sandstone and shale, but to a considerable extent
made up of material eroded from areas of Hugo, Los Osos, and related upland
series. They are found xmder Mesothermal "Olive" (Csa) and "Heather" (Csb)
climates with from 15 to 20 inches of rainfall during the mild winters and with
warm to hot svimmers. The profile is youthful to immature with minor evidence
of development. The soils occupy smooth to undulating surfaces of gently sloping confluent alluvial fans that form rather broad alluvial plains. The subdrainage is good and rimoff is slow. The native cover is an open oak woods
with grass undercover.
The surface soils to depths of 15 to 25 inches are light brown to yellowish brown, becoming somewhat grayish when dry but quite dark when wet. The
surface of cultivated fields tends to pack somewhat but breaks to a lumpy and
coarse granular tilth, the fragments being firm but quite porous. There are
very many root, worm, and insect holes throughout the soil and subsoil. The organic matter content is low and the soils are generally slightly acid, with pH
usually about 6,5, They naturally contain sufficient colloidal material to be
somewhat plastic when wet and if plowed when the lower portion of the plow slice
is definitely moist, plowsoles are readily formed. The volume xveight of the plowsole horizon is frequently above 2, while that of the soil above or below the
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ploTWSole will be fron 1,25 to 1.5, the "sole" being apparently a physical
phenomenon due to the shear of the moving plow and the consequent puddling of
the z one.
The subsoils are light brovm to a dull grayish brown, heavier in texture
than, the surface. The upper subsoil usually breaks to irregular clods, but the
deeper subsoil shows a rather feebly developed columnar structure which on disturbance breaks to rather regular-shaped clods. The outer faces of the clods
in both subsoil horizons are coated with dark colloidal stain. The content of
colloidal clay in the subsoil is usually considerably higher than that of the
surface and when wet these horizons are quite plastic, T/ïhen dry they are firm
but not particularly hard. Root, worm, and insect burrows weaken the structural
units and make the mass quite porous. The reaction of the subsoil is neutral
with a pH usually very close to 7, The substratum is lighter colored sediments,
usually of slightly sandier texture and frequently more or less stratified.
Under dry-farming conditions the soils are devoted mainly to grains
with some considerable areas in almonds, prunes, and occasionally some apricots.
Grass and pasture is also extensive. The soils take water fairly well and the
water holding capacity is high. Under irrigation alfalfa, beets, sorghiuns, and
truck crops are extensively grown. Apricots, prunes, and grapes are the dominant fruits. The soils are of high quality with a wide range in suitability to
crops. The soils are closely related to the Yolo series, but are somewhat older
and probably formed from a slightly different parent material. They are about
the same age and closely related to the Zamora, which is a second stage in the
aging of the Yolo, The soils have been mapped over an area of about 30,000
acres, most of it in Yolo and Solano counties with lesser areas in the coastal
valleys. It is probable that the total acreage within the state will not exceed
50,000 acres.
Rincon Series
The Rincon series are mineral secondary pedocalio arenalithous soils
from transported materials derived mainly from sandstones and shales and originating most directly through erosion from areas of Altamont and related soils.
They occur in Mesothermal "Olive" (Csa) climates with from 12 to 18 inches of
rainfall during the warm winters followed by hot dry summer seasons. The profiles are in the immature stage with well-developed claypans and lime accumulations in the subsoils. The topography is undulating to rolling, with broad
smoothly sloping surfaces of old confluent fans aiad alluvial plains, Subdrainage is fair to good. Surface runoff occurs only during periods of heavy rainfall
and at such times erosion is exceedingly severe. Not only is the surface soil
stripped away by rill and sheet erosion but deep narrow gullios are cut through
the soil mass, these frequently reaching depths of from 10 to 12 feet even though
only from 3 to 6 feet across at the top. The soil erodes more rapidly and more
severely than any other soils in California and in one obsearved instance an
average of more than 2 inches of soil was stripped from an area of more than 400
acres in a single brief storm. The native cover is sparse semi-desert grasses
and shrubs.
The surface soils are brown to dull brown, show a marked tendency to
pack when wetted and develop a stiff crust when dry. This naturally breaks to
a lumpy structure and is readily worked to a granular tilth. Many cultivated
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fields have a distinctly reddish tint and a sticky plastic character when wet
with hard lumpy structure when dry. These are areas of subsoil exposed by
erosion which has stripped away the surface. The surface soils naturally are
porous and have very many insect burrows. They are usually neutral in reaction,
with a low organic matter content and where erosion has not modified them are
generally 10 to 15 inches in depth.
The upper subsoils are reddish brown, heavier than the surface and
usually of a clay or clay loam texture. T/Vhen wet they are plastic and sticky
and when dry they develop a hard semi-prismatic structure made up of angular
clods that are very heavily coated with colloid. The mass of the clod is dense,
but it is penetrated by insect burrows and these with the cracks make the subsoil more porous than the density of the individual fragments woiild indicate.
They are basic in reaction and extend to depths of from 20 to 36 inches. The
lower subsoils are brown to reddish brown clay loams or clays, sticky and plastic
when wet, baking to hard clods when dry. They are quite calcareous, the lime
occurring both in the disseminated condition and also concentrated in seams and
lenses. The substratijm is very similar to the subsoil but usually does not
contain lime. It is usually very deep and soil-like in its consistence and
character. This has proved both beneficial and harmful; harmful since erosion
can out deep into the substratum, undermining the soil and caving it down to
cause rapid extension of erosion washes. The soft nature of the substrati^m,
however, provides a potential soil when the original soil has been removed by
erosion and while this exposed substratvm. is distinctly inferior in character
and quality to the soil that previously occupied the site many cultivated fields
are today made up wholly of exposed substratum, all of the soil and subsoil
having been eroded away. Production is lower and farmers complain that the soil
is wearing out when as a matter of fact it has worn off.
Under dry-fanning conditions the soils are utilized very extensively
for the production of beans with large acreages in grain. The soils absorb
water well and have a high water holding capacity. Roots penetrate rapidly
through the subsoil and into the substratum. Yields are good except in years
of very low rainfall. Under irrigation lemons and other citrxis fruits, apricots,
walnuts, and other deciduous fruits and nuts, grapes, and subtropical fruits are
extensively groim while considerable areas are devoted to alfalfa, vegetables,
and truck crops. Under irrigation yields are generally good to excellent. The
soils have been mapped over an area of about 80,000 acres in the southern
coastal valleys, mainly in Ventura County and in Salinas and Santa Clara valleys.
Larger areas exist in these regions and also along the west side of the lower
San Joaquin Valley. The soils mapped as Rincon in the Clear Lake Area in Lake
bounty do not have calcareous subsoils and are properly members of the Zamora
series. The Rincon series are excellent soils, subject, however, to the ever
present danger of serious injury by erosion.
Antiooh Series
The Antioch series are mineral secondary pedocalic arenalithous soils
with a mature solonetz profile, formed under Mesothermal "Heather" (Csb) climate
with 12 to 18 inches of rainfall in winter with hot, djry summer seasons. They
are derived mainly from sandstone and shale rock sources, and occupy sloping
plains, the remnant of old alluvial fans and terraces of marine and stream formation. The soils occupy the undulating to gently rolling faces of the original
terraces and the more or less eroded slopes along the margins adjacent to the
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entrenched stream ways. The native cover is herbs and grasses with occasional
small oak trees.
The soil has a fair surface drainage with slovj- runoff and
limited erosion except on the breaks in topography. Subdrainage is poor.
Water is absorbed freely by the surface soils but penetrates very slowly into
the heavy subsoils.
The Aatiooh series is a member of the group of maturely-developed
solonetz soils occurring in California. Other characteristic series in this
group include the Alicio> Cachuma, Canby, Huerhuero, Oloott, Stookpen, Olivenhain, and Las Flores, which differ from each other mainly in degree of development and in features due to the character and composition of the parent material,
in thickness and number of the horizons, in color, and in minor details of
structure, consistence, and composition, as well as in the character of the
substratum beneath the solum. They all have the same broadly general structure
characteristic of the solonetz soils, and because of the extent of the Antioch
and the importance of the group the morphology of the Antioch profile is here
described in full detail.
The surface soils are a dark grayish brown in color, grading grayer
with increasing depth, until the lower portions are a brownish gray. Usually
the A horizon does not show definite boundaries between the subhorizons, but
there are obvious differences betvreen the upper and lower portions, and in most
profiles two or three subhorizons can be recognized.
The Ai horizon is usually 6 to 8 inches in depth, of a dark grayish brown
color, massive in structure but breaking to a mass of coarse lumps,
fine granules, and dust. This horizon is quite porous, with many
small irregular pores between the aggregates and with very many worm
and insect holes and cavities left by decaying roots. The structural
aggregates are of a firm consistence and their reaction is usually
moderately acid with pH from 5,6 to 6.0.
The A2 horizon varies in depth from 2 or 3 inches to as much as 1 foot or
more, depending on the total depth of the A horizon. The color is
usually grayish brown, although it may grade to a brownish gray. In
structure it is massive but breaks to medium and small lumps, granules, and dust. It is very porous, with some development of vesicular pores and with numerous vform, insect and root holes. The consistence is firm to soft, the material breaking doxvn rather readily imder
pressure or stress. Tho reaction is acid, pH ranging from 6.0 to 6.5.
An Ag horizon is usually present, but in many cases is exceedingly thin. It
is gray to light gray in color, without structural arrangement and
breaks to a fine granular or abrasive powdery condition. This horizon
is very porous, the natural pores being distinctly vesicular and not
interconnected. The WOÏTU, insect and root holes from the upper horizons penetrate through this layer, but are not so conspicuous as in
the A]_ and Ag. The layer varies in thickness from a very thin coating
over the top of the columnar units of the B horizon to extreme oases
where it may be 2 or 3 inches in thickness. The upper surface of
this subhorizon is usually more or less parallel to the ground surface, but the lower surface is irregular in shape, fitting like caps
over the top of the columnar \mits of the B^ horizon. The reaction
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is acid, usually betvreen pH 6 and 6.5, The thickness and shape, the
grayness and the vesicular pores are considered to be evidence of the
decomposition of the claypan subsoil from solonetz toiimrd solod
conditions.
The subsoils are quite distinctive and show the structure generally designated as "Solonetz," The B^ horizon is of a dark bro-wn color and of
columnar structure, the columns as naturally developed being from 2 to
4 inches across, with vertical sides, rounded tope, flat base, and
with 4 to 6 or more sides. The height of the columnar units is usually
two or three times their width. These columns, if subjected to stress,
will break into smaller columns ajid in some cases into prisms 1 inch
or less in diameter, and 3 to 4 inches in length. The smaller columns
do not always show a completely rounded top, but may have a curvature
representing part of that of the master column from which they are
broken. The outside of the columnar units is usually stained with a
brownish color, evidently colloidal material that has been carried
down from the surface soils. The columns are dense, with few pores
or holes. Roots and water appear to follow the cracks rather than to
penetrate to the interior of the mass. When dry, consistence is
decidedly hard and very resistant to pressure and stresses. T/yhen wet,
this horizon is very plastic. There is no lime in evidence in this
B^ horizon, but it is usually neutral in reaction, with a pH of about 7.
The Bg horizon is usually a brown or somewhat yellowish brown color, of heavy
clay texture, and prismatic structure, breaking to irregularly cuboid
or flattish pedestal-like blocks. There is some staining on the outer
portions of the structural units but not so Biuch as is present in the
B^, It is not calcareous but is basic with a pH usually above 7,5,
When dry the consistence is decidedly hard and much foroe must be
applied to rupture the fragments, smd when wet it is very plastic.
The Bg horizon is usually of a rich brown to yellowish brown color, with a
very irregular distribution of these colors through the soil mass.
It is generally of clay texture and of irregularly cuboid structure,
breaking to small irregular cubes or fragments of irregular shape and
usually with a ooncoidal fracture. This horizon shows lime present
in seams and as accimiulations on the surface of the structural units
and in cracks. The pH is usually about 8, The consistence of the
fragments is quite hard but they are less resistant than in the B]_
and B2 horizons.
The B4. horizon is usually of a yellowish brovm color with many gray streaks
and blotches showing the presence of very large accumulations of lime.
It has an irregularly cuboid to cloddy structure, and breaks to small
irregular fragments. The consistence is firm to soft, the aggregates
breaking readily to a granular tilth. The pH is usually 8 or above.
This horizon varies markedly in thickness, but usually shows from
6 inches to 1 foot or more.
The C horizon consists of stratified sedimentary material of alluvial deposition, but possibly representing marine sediments. The upper portion
usually shows some reddish brown stains, locally termed "iron stains"
and which are probably both iron and manganese with possibly some
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organic colloids. There is sometimes evidence of a slight cementing
or induration by these accvmiulations. This upper stained and semicemented portion of the C horizon is never thick and in many cases
is not present. It is the only evidence of modification of the parent
material. In texture the C horizon is usually a sandy clay, bedded
in rather thick layers, with some evidence of a secondary thinner
stratification. It is noncalcareous, usually having a pH between
7 and 7.5, decidedly compact, and when disturbed breaks to very irregular clod-like fragments.
The soils are utilized for dry-farmed grain and beans, as well as for
pasture. Yields are fairly good and depend largely on the rainfall supply.
Under irrigation some areas are used for beets and there are a few alfalfa
fields. Beets do fairly well, but alfalfa has proved rather unsatisfactory.
Some areas of Antioch have been planted to orchards, mainly pr\mes, apricots,
and olives. Growth of the trees has been rather poor and the yields are low.
In the vicinity of San Francisco and Los Angeles some irrigated areas are utilized for truck with good results. Irrigation must be very carefully managed
to prevent over-irrigation and resultant damage from poor drainage. The soils
are suited to rather shallow-rooted crops as roots rarely penetrate into the
B horizons.

LOST HILLS FMILY
The Lost Hills family is an incomplete family whose mature profile will
probably be one having as its distinguishing characteristic a lime hardpan of
the caliche type. Only a few series have been found that bear distinct family
relationships and all of these are relatively young. Only two are here described,
the Panoche having a strictly recent profile and the Lost Hills having a semimature development. Between these two stages lie the Docas and Commatti series
which are youthful and immature in development. The Lost Hills fsimily is composed of mineral secondary pedocalic arenalithous soils that have been developed
under very arid climates. The parent materials are eroded from regions of arid
or semiarid calcareous primary soils and at no time in their process of accumulation or weathering have they been subject to leaching except by flood waters
which in themselves were usually calcareous. The soils in origin and mode of
formation and in many of their characteristics are comparable to soils in the
Yolo group, but have been formed under much more arid conditions.
Panoche Series
The Panoche series are mineral secondary pedocalic arenalithous soils
formed of transported material that has originated mainly from sandstones and
shales and most directly is composed of soil washed from areas of Kettleman,
Shedd, and related primary soils. It is foimd under Macrothermal "Hot-desert"
(BWh) climates with 3 to 6 inches of rainfall, all coming during the m.ild winter
and followed by very hot dry summer seasons. The profiles are recent to young,
showing little evidence of clay accumulation but with lime concentrations in
the subsoils. The soils occupy smoothly sloping confluent alluvial fans and
floodplains crossed by low alluvial stream ridges, and with some minor irregularities due to wind drifting sands. Subdrainage is good and surface runoff is
accompanied by deposition instead of erosion. The cover is desert brush, mainly
Atriplex associations.
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The Burfaöe soils are gray to broi/mish gray, usually single grained or
granular, with some areas having a crust mulch. They break readily to a friable
granular tilth, are naturally porous besides having many insect holes and are
usually strongly calcareous. At depths of from 10 to 12 inches they grade to
a broTvnish gray to grayish brown calcareous, porous subsoil with indefinite
structure and minor evidences of clay accumulation but with very obvious concentrations of lime. The subsoils are more or less stratified and extend with
about the same character to depths of many feet.
The soils in their natural conditions are utilized for range pasture,
the carrying capacity being low. Where water for irrigation is available these
soils give good yields of grains, cotton, alfalfa, and other field crops, Poten• tially they have high productive capacity but throughout their entire occurrence
water supplies are woefully inadequate. Not only is there little water for irrigation, but many extensive areas even lack supplies of good water for stock or
domestic use. The soils occupy extensive plains on the west side of the San
Joaquin Valley between the mountains and the valley trough and also occur in
the smaller valleys in the eastern parts of San Benito, Monterey, and San Luis
Obispo counties. It is probable that some Panoohe soils will be found in the
mountain valleys of northern Ventura and northwestern Los Angeles counties. The
major portion of these soils have been found duriiig Reconnoissance surveys and as
shown on those maps they constitute a soil family rather than a series. Of the
1,600,000 acres shorai as Panoche on the Reconnoissance maps of the Upper and
Middle San Joaquin Valley areas probably not more than 600,000 acres are true
Panoche. They include large areas of Docas, Commatti, and Lost Hills, which
will be shown on detailed maps of that region that may be m^ide in the future.
Lost Hills Series
The Lost Hills series are mineral secondary pedooalic arenalithous soils
formed of transported material that lias originated mainly from sandstones and
shales and most directly is composed of soil washed from areas of Kettleman,
Shedd, and related primary soils. It is found under Macrotheraiial "Hot-desert"
(BWh) climates with 3 to 6 inches of rainfall all coming during the mild winter
and followed by very hot dry summer seasons. The profile is semimature with
definitely-developed olaypans and very high accumulations of lime in the subsoils. They occupy the lower and flatter portions of smoothly sloping confluent
alluvial fans and floodplains. Subdrainage is fair but in many cases a water
table may be rather close to the surface. Surface runoff is limited and accompanied by deposition rather than erosion. The native cover is a scattered desert
brush, mainly varieties of Atriplex and their associations.
The surface soils are brownish gray to grayish brown, developing a typical crust-mulch structure, frequently with very thick crusts and a deep horizon
of markedly vesicular structure that on a touch breaks to a fine granular mulch.
The crust may be from •!• to 2 inches or more in thickness with the mulch from
1 to 6 inches thick, the materials beneath the mulch being porous but fairly
coherent and readily breaking to a granular tilth. The soils are highly calcareous and usually extend to depths of 6 to 12 inches. Considerable areas show
high accumulations of alkali and immediate surfaces in these areas may show a
strong alkali crust or may show the fluffy condition that sometimes accompanies
marked salt efflorescence. The subsoils are brownish gray to grayish brown,
heavier textured than the surface, sticky and rather waxy when wet and drying
to a coarse cloddy structure that has a semi-prismatic arrangement. The clods
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are firni to hard, usually coated with colloids and \vith lime. The subsoils are
highly calcareous, the lime being both disseminated through the mass and concentrated in seams and local accumulations. The fragments of the subsoils are
generally compact and rather dense, but the numerous shrinkage cracks give it a
rather open condition. The subsoils may extend to depths of 2 to 4 feet or more
and rest upon a substratxan that is of very similar character or may consist of
variable stratified sediments.
In their natural condition they are used only for dry range with a very
low carrying capacity. There is very little water available for irrigation,
most of the subsoil waters being too heavily charged with salts to permit their
use for irrigation purposes. TWhere good irrigation water is available and the
soils are not affected by alkali they have been utilized for cotton, alfalfa,
and other field crops, with good yields. Some plantings have been made to fruit
but these have invariably failed. The soils include most of the heavy-textured
types of soils that were mapped as Panoche in the Recojmoissance Survey of the
San Joaquin Valley where they occupy the lower portions of the sloping plains
just west of the valley trough. As mapped in the Eeoonnoissance areas they are
a "group" instead of a "series" and include besides the youthful Panoche series
and these Lost Hills soils, areas of Docas, Commatti, and perhaps other series.
Over 1,600,000 acres have been so mapped, and probably somewhat less than 500,000
acres are characteristic of the Lost Hills soils as here described.
HETBROLITHOUS DIVISIOH
The heterolithous pedooalic secondary soils are formed of sediments of
mixed origin which, in most of the suites and families, have accumulated as
lacustrine deposits, with smaller areas of alluvial fan and aeolian deposits.
The lakebed sediments usually contain large accumulations of soluble salts and
are usually "alkali" soils. The lake shore beach and bar deposits have usually
been more or less reworked by wind and are often bordered by extensive dune or
semidune areas. These shoreline deposits are less liable to contain alkali,
while the reworked or aeolian deposits rarely show any accumulations. The alluvial fan and floodplain deposits are quite irregular in this respect, with
probably more than half the total area being free from alkali accumulations.
The original alluvial sediments are of mixed geological origin, and when
these are later reworked and mixed by lake waters and, in places also by wind,
they attain a condition of heterogeneity that makes impossible the ascribing of
these deposits to any definite geological source. The extent and degree of mixing has in majiy cases produced soil material of surprisingly uniform composition
giving extensive areas of closely related series. A large number of series have
been recognized, but their faiaily relationships are, in most cases, obscure and
not yet determined. One suite and two families are herein described.

COLUmiA SUITE
The Columbia suite contains several closely related series that may be
members of a soil family. No mature member has been discovered and the sequence
in profile character appears to be more closely related to the conditions of
deposition and drainage than to the pedological processes of profile development. Hence they are presented as the Columbia suite instead of the Sacramento
family (as was done in the first edition of these notes, 1934).
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Colxmbia Series
The Columbia series are mineral secondary noncaloareous pedocalic heterolithous soils formed from water-transported materials originating in a variety
of rocks, but containing sufficient granitic material to make the soils generally
more or less micaceous. They generally occupy level flood plains and the low
alluvial ridges built by major streaaiis traversing broad valleys and occur to a
lesser extent on some small alluvial fens. The profile is recent, with little
or no evidence of weathering, and has not been influenced by the climatic environment. The soils have been found under conditions of rainfall varying from 15
to over 40 inches and usually in regions of Mesothermal "Olive" (Csa) climates
with mild to cold winters and warm to hot summers. The topography is gently
sloping, but the surface is usually cut by many stream channels that are slightly
entrenched and bordered by broad low natural l?vees. The occurrence of these
chajonels and bordering ridges gives a rather irregular micro-relief to an otherwise smooth plain. The native cover is trees, mixed oaks and sycamores, with
an undercover of grass. In places there is a more or less dense brush and shrub
undercover which replaces the grass. The drainage is fair to good although in
many locations seepage from the rivers and areas of high water table develop
local poor drainage.
The surface soils to depths of from 10 to 15 inches are light brovm to
grayish brown, friable and porous with an appreciable quantity of very finely
divided mica, and break to a soft granular tilth. The reaction is usually
neutral or slightly acid. The subsoils are light brown to a somewhat yellowish
brown with more or less mottling by reddish broim or grayish spots. The subsoils are neutral to slightly basic in reaction. Both soil and subsoil in their
natural condition are penetrated by very numerous worm and insect burrows and
the holes left by decaying roots. In places the reiTorking by worms and insects
is very complete, the soil being thoroughly "plowed." The organic matter content is rather low. The substratum is essentially the same as the subsoils,
except where the soils are a shallow deposit overlying other buried soils,
usually of the Sacramento series.
The soils are utilijied under dry-farming conditions for grain, alfalfa,
beans, prunes, pears, apricots and some other fruits. The water-holding capacity
of the soil would not normally carry the alfalfa and fruit crops through to full
development, but the soil moisture is usually increased to a greater or loss
extent by some seepage from adjacent stream channels. In the formation of the
soil the successive strata nearly always slope away from the stream to-vvards the
basins and if the water gets over the initial rise immediately adjacent to the
channel seepage follows the coarser strata through the subsoils out away from
the stream. This process of semi-subirrigation has made possible the very
extensive development under so-called dry-farming conditions. Under irrigation
the same crops are usually grown, the addition of irrigation water making the
growth more rapid and the yields usually somewhat higher. In addition to the
crops mentioned, vegetables and sugar beets are also grown to some extent. The
soils are found mainly DJI the Sacramento Valley as the alluvial deposition of
the Sacramento and Feather rivers with smaller areas deposited by the Yuba,
Bear, ibnerican, and Consumnes rivers, and liraited areas by some of the streams
flowing into the San Joaquin Valley from the east. About 435,000 acres have
been mapped in California, of which 30,000 acres are more or less affected by
accumulations of alkali. These are generally the heavier types (silt loams and
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silty clay loams) which border the basins. Much of the alkali land is relatively shallow, resting on a substratum of heavy textured soil materials. The
Columbia soils are extensively developed in Washington so?A Oregon. Some small
areas in California may be as yet unmapped, but the total area will not be much
greater than that shown above.
Sacramento Series
The Sacramento series are mineral secondary heterolithous pedocalic
soils that are derived from transported material of mixed geological origin
deposited as alluvial sediments in enclosed or partly enclosed basin areas.
They are found under Mesothennal "Olive" (Csa) climates with from 10 to 20
inches of rain falling during the mild winters with hot dry sumrner seasons,
Tlie profiles are usually immature in stage of development although some areas
are hardly older than youthful. The subsoil characteristics are rather variable
due to mode of accumulation arid the range in apparent stage of development is
appreciably wide. The areal extent of the variations is such that they cannot
be satisfactorily separated on the maps. The subsoils usually show rather def»
inite accumulations of clays and large amounts of organic colloids. The stratified condition of the subsoil, however, may simulate very closely the texture
and structure produced by the normal process of profile development. The soils
occupy smooth flat basin areas, usually enclosed on all sides oy the alluvial
ridges of major streaias. In some occurrences the natural levees border only
one side of the basin, while the other lies against the lower slopes of the
valley plains. Subdrainage is poor and the soils under natural conditions "vvere
flooded during winter and frequently during much of the summer season. In the
basins that were only partially enclosed the flood waters began to accumulate
during the rainy winter when the minor streams that drain the adjacent plains
and foothills poured in their contribution of water. Late in the spring or
early in the summer when the snoira on the high mountains m.elted, the floods of
the larger rivers would poiAr into all the basins filling them to the point of
overflow. The waters would then stand until removed by evaporation and all of
the sediments and salts carried by the flood iivaters would aocujuulate in the
basin. As most of the coarser particles carried by the floods vrere dropped
along the stream channels and along the alluvial ridges, only the finer textured clays and colloidal materials vrould accumulate in the basins proper and
these make up the larger portion of the mineral material of the Sacramento
series. Occasional breaks in the natural levees would throw a severe flood
across the basin, and would carry in silts and fine sand to modify the texture
of that particular layer. This might later be covered by deposition of fine
material, thus producing a somexvhat variable textural profile. Such occurrences
are not common and are encountered only where there are abrupt bends in the
river channel. The native cover varied with the condition of flooding. Where
the vj-aters stood at depths of from 2 to 6 feet or more during much of the spring
and early summer, tule v/as the dominant plant. Where the water iiras shallov/er
and disappeared earlier in the season, sedges and swamp grass were domDjaant,
while cockle bur and similar plants become establislied on the lands as they
emerged from the water wherever other vegetation did not prevent. The succeeding floods would usually knock down the maturing vegetation and mix it vrith a
freshly deposited load of sediment. This succession of accuraulations of thin
layers of sediment with considerable amounts of decaying organic material slowly
built up the Sacramento soil mass as a rather variable mineral and organic soil.
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The surface soils are normally dark broTOiish gray to dark gray, usually
becoming quite black when wet but v/hen dry bleaching to a dull gray shade. The
natural structure is lumpy to cloddy with the aggregates having from soft to
hard consistence depending largely upon the admixture of fine organic matter.
Under cultivation, as decomposition of the organic matter progresses, the soil
develops a fine lumpy tilth with rather firm and usually angular aggregates.
The soils are naturally very porous vfith many holes left by the roots and stems
of plants. Except where some salts have accumulated in the soils, they are
slightly acid in reaction, the pH usually being above 6.5. The organic matter
content is high but variable and consists both of thoroughly decomposed colloidal
"humus" and also of ra^v or partially decomposed plant remains. The surface soils
vary from 10 to 20 inches in depth.
The upper subsoil is generally of dark gray color, but with very irregular shading and to a greater or lesser extent is mottled with spots of brown,
reddish brown, and gray. The subsoils are plastic and stickj'' when wet and dry
to angular clods that are heavily coated \vith organic and mineral colloids. The
clods are rather dense but have very many holes left by decaying vegetation,
giving them a more porous character than the natural structure would indicate.
They are basic in reaction v^ith pH frara. 7.0 to 8.0, The subsoils are distinctly
heavier than the surface and usually contain accumulations of olay, but the content of colloidal clay and of colloidal organic matter is so variable that it
is very difficult to definitely indicate the evidences of the normal weathering
processes. At 30 to 40 inches the deeper subsoil is a dark gray to bluish gray
clay mottled with gray, brown, and yellowish spots, rather irregular in texture
and structure and with a fairly high organic content. This horizon is more or
less calcareous and frequently contains crystals of gypsum in little pockets
and in loose crystalline aggregates. The substratum is very similar to the
deeper subsoil, being more or less stratified and rather irregular in character.
Under natural conditions these soils afforded considerable grazing during the late fall and early winter months, but they -were covered with water
during other parts of the year. Practically all of the soils have been protected
from overflow by levees and have been drained, the drainage water being pumped
out of the basins into the adjacent rivors. The crest of floods and their frequency have also been materially reduced by the construction of storage reservoirs in the mountains and the few areas of Sacramento that are not protected
from overflow but that remain as emergency flood channels or by-passes sometimes
receive very little water for several years in succession. TfJhen protected from
floods, adequately drained, and provided m t h irrigation, the soils are utilized for a wide range of field and vegetable crops. Grains, sugar beets, and
beans are most extensively grovm with vegetable and truck crops occupying large
areas. Where drainage is adequate and the water table kept consistently below
the surface considerable areas are utilized for alfalfa. The yields of these
crops are generally good to excellent and the quality visually high. Fruits
have been planted on some areas, mainly pears, prunes, and figs. The tree gro\rth
and production is fair, but the older orchards show considerable variation in
quality and it is not felt that the soils are well suited to frnit production.
They appear to be well suited to annual crops and especially those that have a
dense and rather fibrous root system. The soils have been mapped over an area
in excess of 550,000 acres. All of the tjrpes are heavy textured, ranging from
clay loaras to adobe clays. About 14 per cent are affected by injurious amounts
of alkali and in the deeper subsoils some salty layers have been discovered
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indicating that if the good drainage conditions are not well maintained further
alkali accumulations may occur. The soils have to bear the cost of the initial
levee construction to protect thorn from flooding and also the continual expense
of maintaining drainage canals and the pumping systems which lift the Tvater out
of the basins and into the regional drainage ways. They are excellent soils,
limited in their crop adaptations and heavily handicapped by position and
reclamation requirements.

E L M FAMILY
The Elna family is composed of mineral secondary pedocalic heterolithous
soils that have accumulated as lacustrine and semi-lacustrine sediments. The
family is incom^plete, but insofar as it has been found consists of the recent
Pit, the youthful Carson, the semimature Lahontan, and mature Elna series. In
the fullest profile development, the Elna series, there is a cemented lime
hardpan horizon in the subsoil. The Pit series is composed of recent alluvial
sediments deposited along streams where the gradient is very flat, and while
they are not strictly lacustrine, in their natural state they are flooded for
several months of the year. The Carson is youthful and slightly weathered and
occupies flat stream deltas and the borders of existing desert lakes. The
Lahontan and Elna occupy the beds of dried up ancient lakes in regions of very
desert climatic conditions. While some of the areas of both Lahontan and Elna
may be covered with water during periods of unusual rain, they exist most of
the time as broad, nearly flat desert playas. The Carson, Lahontan and Elna
series are herein described.
Carson Series
The Carson series are mineral secondary pedocalic heterolithous soils
formed of transported materials derived mainly from basic igneous rook sources
but which contain more or less admixture of other materials. The soils occupy
recent alluvial flood plains bordering desert lake basins and existing lakes.
They do not show any direct influence of climate as the profiles are recent and
wholly unweathered, but are usually found in regions having desert "Steppe"
(BSk) climate, with cold winters, hot summers and rainfalls of less than 15
inches. The soils occupy nearly flat or gently sloping positions and naturally
are very poorly drained, the water table usually being close to the surface.
Alkali is common, more thaia one-half the total area having sufficient acciAmulations of salts to very materially affect the type and character of cover. The
native vegetation ranges from salt grass on the wetter and more alkaline areas
to occasional willows and a sparse cover of desert shrubs on the better drained
portion.
The surface soils to depths of from 15 to 30 inches are dark gray to
black when vret but on drying bleach out to a dull dark gray. The soils are
without definite structural arrangement, although the heavier types on drying
break into large clods and lumps which are usually of firm to hard consistence,
rather dense, and usually calcareous.
The subsoils are light gray to dark gray in color, dense, and when dry
they will break to coarse hard clods, although they are usually wet and highly
plastic. They are strongly calcareous with a decidedly alkaline reaction.
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Organic matter content of both soil and subsoil is fairly high and is responsible for the dark color as when these soils are treated vrith peroxide they •
bleach out to a dtill gray color. They extend to depths of 6 feet or more,
grading to a substratum of lighter color but othenïise much like the subsoils.
The soils are utilized mainly for pasturage. The lov/ position,"poor
drainage, and alkali content make cropping decidedly unwise. About 20,000 acres
have been mapped, most of it in the northeastern part of the state bordering
the lakes on the lavabed platform and in the Lahontan Basin. The soils vrere
first mapped on the borders of the Carson Sink in Hevada, and their area in
Nevada and probably in eastern Oregon is much greater than in California,
Lahontan Series
The Lahontan series are mineral secondary pedocalio heterolithous soils
formed of transported materials of mixed geological origin and accumulated as
lakebed and shoreline deposits. They are found under desert conditions vrith
"Steppe" (BSk and BSh) climates having less than 10 inches of rain with cold
winters, usually with much frost and occasional sno^rs. The summer seasons are
very hot and dry. The lakes in which these soil materials were acctxraulated
have long been dry, although occasionally some of the lowest eind flattest areas
of Lahontan may be temporarily covered by a thin sheet of water during periods
of especially heavy rain. The profiles are imniature and have considerable
accximulations of clay in the subsoil with some tendency tov/ards the development
of a solonetz structure. They occupy level lakebed areas and sloping or
terrace-like old lake shores. The surface has been considerably modified by
wind-drifting of the soil material and the micro-relief is a series of low irregularly placed mounds and small bodies of very small sand and silt dunes.
The soils have no subdrainage and very sloxv runoff. The native cover is
scattered alkali brush and vreeds vrith some clumps of bunch grass on the higher
and sandier soils.
The surface soils to depths of 15 to 18 inches are light gray to gray,
developing a typical crust-mulch structure that when it becomes thoroughly
dried out v;ill break to a more or less granular condition. They are highly
calcareous and usually have considerable alkali accumulations. The presence
of alkali modifies the immediate surface structui'e to a sofb fluffy efflorescent condition or to a heavy crust of crystalline alkali salts. The soils
naturally are porous.
The subsoils to depths of 2 to 3 feet are gray to light gray and quite
variable in texture v\fith a greater or less degree of stratification. They show
definite accumulations of clay and very high concentrations of lime. Mien dry
they crack to a somewhat columnar structure, ïfhich, in its most extreme development, suggests the beginning of a "solonetz" morphology, Ihen disturbed,
ho-wever, they break to angular irregularly shaped hard clods. The substratxjm
is more or less similar to the subsoils and consists of stratified lacustrine
sediments, usually of heavy texture. Soil, subsoil, and substratmn nearly
aliwys have high concentrations of saline and alkaline salts.
The soils have little or no agricultural value. Under dry-farming conditions they are typically desert v/ith a very low value even for desert range.
The content of alkali is too high to permit of successful use. Occasionally
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ail attempt is made to grow crops under irrigation but in every case this has
resulted in failure. In the Honey Lake Valley Lahontan soils have been repeatedly taken up under the Desert Homestead Act. In every case the settlement
has resulted in failure. The subsoils are more heavily affected by alkali than
are the surface soils, and there being no opportunity for drainage it is impossible to reclaim these soils by washing the salt out of the root zone. Their
topography, position, and character makes them essentially alkali desert soils
with no apparent hope for their future improvement'to a condition where there
would be a possibility of the successful production of crops. Over 100,000
acres have been mapped, the largest areas in the Honey Lake Valley with other
extensive ocourrences in Surprise Valley and Owens Valley. It is also extensively developed in Nevada, Other parts of the trans-Sierran section of
California and adjacent desert regions have considerable areas of Lahontan soils
and as these are mapped the total area will be very materially extended,
Elna Series
The Elna series are mineral secondary pedocalio heterolithous soils
formed from transported material of mixed geologic origin. They are found under
Maorothermal (Blh) desert conditions with rainfall usually below 7 inches aaid
in regions virhere the winters are generally rather cold but the summers exceedingly dry and hot. The soil materials have accumulated as lacustrine deposits,
usually as the beds of old intermittent lakes. During the existence of the lake
conditions finer textured lacustrine sediments were deposited, while during periods when the lakebed was dry, sandy materials were blown or ivashed onto the
plain. The resultant stratified parent material has served to give a very irregular profile characteristic, but weathering has persisted ujitil very definite
lime cemented hardpans have developed and the profiles are considered to be
essentially mature. The soils have very poor subdrainage and slow runoff. The
water table is generally high and within capillary rise of the suï'face. The
entire area as mapped is strongly affected by alkali, with carbonates or "black
alkali" present in nearly every locality. The cover is a sparse gro-vvth of
alkali shrubs with very many extensive' bare areas and a few places where some
salt grass may persist. The sandier members shovf a slightly irregular surface
due to the drifting of the sand and where the shrubs occur the sand has piled
up in the lee of the vegetation giving a micro-relief of irregular low hummocks.
The surface soils to depths of 10 to SO inches are light gray to light
brownish gray, the sandy types being loose ajid incoherent, while the sandy loams
and loams or heavier types develop typical crust-mulch structure. Frequently
the surface shows a heavy deposit of alkali in the fonn of salt crusts and in a
few places these are mixed with soil to form a loose fluffy efflorescence. The
soil mass is generally porous and is highly calcareous.
The subsoils show the characteristic stratification with the heavier
layers usually cemented. Some of the layers that are quite hard when dry Y/ill
become quite soft and plastic when wet, but most of the heavier textured and a
part of the lighter textured subsoil layers are cemented to a hardpan that does
not soften v/hen wet. The subsoils and the hardpan layers are light grayish
hrovm. to gray, but are very irregular in color as well as in texture. The substrata are essentially the same as the subsoil, consisting of alternate layers
of soil and of hardpan. They are all highly calcareous and usually strongly
alkaline.
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In their native condition the soils are of very little value except for
exceedingly sparse pasture. The alkali content is high and the possibilities of
reclamation are not great. They are of little economic value at present and
probahly will never be of any real value. About 29>000 acres have been mapped
in Inyo County and it is probable that additional areas may be found in other
trans-Sierran deserts of California. The soils have previously been mapped in
Nevada and Utah where they appear to be quite extensive.

IMPERIAL FAMILY
This "Family" is very limited in number of series and in the breadth of
profile development and no mature member has as yet been discovered, the Imperial
series itself being quite youthful in all of its characteristics. This family,
or fragment of a family, consists of mineral secondary pedooalic heterolithous
soils, composed exclusively of the sediments of the Colorado River and its
tributaries, either laid down as alluvial flood plain deposits or as semilacustrine sediments in the Salton Sea Basin and similar enclosed areas. Five
series have been recognized as in the direct line, but all are of about the same
age. The Gila is exclusively stream-laid sediments of very recent deposition,
while the Imperial, Holtville, Mololand and Rositas show the effect of occasional or persistent lacustrine conditions in the past. The last four might be
considered a single series comparable to the Gila, or to belong in two series.
The Imperial and Meloland soils have heavy textured subsoils that very materially interfere with drainage and downward percolation of water, while the
Holtville and Rositas have light textured subsoils through whic?! water moves
readily. The Imperial and Holtville series consist almost exclusively of heavy
textured surface soils that are made up of rather thick beds of lacustrine sediments» The Meloland and Rositas have light textured surface soils and in their
original condition were deposited or materially modified by vfind action. The
Meloland and Imperial could be considered the coarser and finer textured members
of an Imperial series, while the Rositas and Holtville would be the corresponding members of a Holtville series. The Ifeloland and Rositas were sepai-ated from
the two other series mainly on the basis of their aeolian accumulation and the
consequent surface configuration of hxunmooks and small dunes which required very
much levelling in order to make them available for irrigated agriculture, ïéach
of this levelling has been done by the farmers in the Imperial Valley and today
it is very difficult to recognize the areas where wind action was originally
vigorous and to differentiate a "Rositas sand" from a "Holtville sand." The
series have been separated in part on the basis of agronomio differences, and
while it is now felt that the Meloland could Tjell be combined with the Imperial
and Rositas with the Holtville, further combinations are not felt to be justified either by pedologic or agronomic considerations.
Gila Series
The Gila series are mineral secondary pedocalic heterolithous soils
formed of transported material of mixed geologic origin but in which sandstones
and shales predominate. It is made up wholly of the alluvium of the Colorado
River and its tributaries and has been mapped only along those streams. It
occurs in Macrothermal desert (BWhh) climates, usually with less than 5 inches
of rain and with warm winters and very hot and very dry simmers. The profile
is distinctly recent, showing no evidence whatever of weathering. The soils
occupy river flood plains that are level to gently sloping, cut by some old
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channels. The native cover is arroimweed, willowsj vreeds and grass depending
largely upon the conditions of overflow. The cover is usually dense, except
where high quantities of alkali may prevent plant gro\Tth, The drainage is
usually rather poor because of the relatively high water table, but the profile
is pervious and if the water table were lowered, the soils would be well drained.
They are subject to seasonal flood.
The surface soils are described as light brown to light chocolate brown
in color but measurements show them to be a rather purplish gray color. Thoy
have no definite structure except in the heavy typos which on drying crack to
rather irregular blocks. These heavier types are cloddy w?ien tilled, but the
lighter types break to a mellow granular or lumpy tilth. The surface soils are
more or less calcareous and usually quite porous. The subsoils are essentially
the same as the surface soils in all characteristics. Usually the subsoils are
stratified, showing successive layers of sands, silts, and clays, depending upon
the rate of water movement at the time when the material was deposited. The soil
material is generally deep, extending many feet below the surface.
Without irrigation the soils are of very low value, the floods usually
ccffning in the late spring or early summer season at a time that would damage
practically all crops, Ifftiere they are protected by levees, given suitable drainage, and supplied with water for irrigation, the soils are very highly productive
and are utilized for alfalfa, cotton, and grain crops. Vegetables and truck are
grown quite extensively and some date orchards have been attempted where the
climatic conditions are favorable. About 50 per cent of the Gila soils have
injurious accumulations of alkali. The soils have been mapped over a total area
of 24,000 acres in California, with more than 125,000 acres additional mapped in
adjacent areas in Arizona, The soils are very extensively developed along the
Colorado Delta in Baja California where probably well over 100,000 acres may
occur. It is also found along the Colorado in the various small valleys such
as the Cibolla, Parker, Needles, and many others. The soils are related to the
Imperial, Holtville, Meloland, and Rositas, these latter being formed of the
same parent material but laid dovm under lacustrine or semi-lacustrine conditions with resultant modifications of the profile.
Imperial Series
The Imperial series are mineral secondary pedocalio hotorolithous soils
formed of transported material derived from mixed sources, most of it from sedimentary rock materials. The soils are sediments of the Colorado River and its
tributaries which have been deposited on the flood plains and on the delta in
the Imperial Valley region, mainly on the slope north to the Salton Sea where
alternating lacustrine and alluvial conditions have developed alternate strata
of lake bed and river flood plains. The Imperial soils are mainly the sediiaents
that were deposited under lacustrine conditions. They are found in an arid
Maorothermal "Very hot-desert" (BllVhh) climate receiving less than 4 inches of
rain with warm winters and very hot summers. The limited rainfall has very
little effect on the soil, barely wetting the surface, as part falls during a
"rainy" period in early autumn and part in late winter or very early spring.
The soils occupy gently sloping plains with very little surface relief. The
native vegetation is scattered desert shrubs mainly those that are tolerant of
alkali. Most of the areas are relatively free from vegetation. Subdrainage
is poor and surface runoff rarely occurs. The soil profiles are recent, shoviring little evidence of any modification by weathering.
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The surface soils to indefinite depths are a light pvirplish broTOi or
light purplish gray when dry and when wet show a chocolate or light chocolate
color. The alkali-free soils show no structural arrangement, although the surface may develop a slight crust-mulch condition. They are so generally affected
by alkali that the typical surface structure is an alkali crust or the loose
fluffy mass of fine clay and salt crystals characteristic of alkali efflorescence.
The soils are nonaally dense and tight with small pores, are highly calcareous
and usually saline and in many cases definitely alkaline as well.
The subsoils are essentially the same as the surface soils in all
respects. They are heavy textured, dense, very slowly pervious to Tjater and to
a greater or less degree are stratified. With most of the Imperial soils the
light textured strata are exceedingly thin, barely being parting planes that
indicate the line between the successive deposits of heavy clay. In some az'eas
where the coarser strata are thicker and may affect the water movement and drainage through the soil they have been shown on the soil maps as "stratified subsoil phases" and are considered to be of botter productive capacity than the
typical soils.
In its native condition the soil has no agricultural valvie, existing as
a barren or sparsely covered desert. Under irrigation its use is restricted by
the extensive and strong alkali content and by the poor drainage conditions,
the latter making reclamation very difficult. "Where the alkali content is low,
grains, sorghums, and some cotton and alfalfa are grovm. Occasionally vegetable
production is attempted on these soils. The silty clay loams and silty clays
give some fair yields, but for the main part the soil is so generally affected
by alkali as to be of relatively low value. Ninety-six per cent of the total
acreage that has been mapped is affected to a greater or less degree by alkali,
much of it with very strong aocuimilations. Forty per cent of the total area of
the Imperial soils are clays, 54 per cent are clay loams and silty clays, the
rest being mainly loam and very fine sandy loam. About 265,000 acres have been
mapped in the Imperial and Palo Verde valleys. Other areas occur along the
Colorado River in Arizona and California and very extensive areas occur in Baja
California, particularly in the Laguna Salada region. The series is extensive
but its value is low. It is closely related to the Holtville series, which has
soft pervious subsoils, and to the Meloland series, which has sandy and often
wind-modified surface soils.
Holtville Series
The Holtville series are mineral secondary pedocalic heterolithous soils
formed of transported material of mixed geological origin but mainly derived
from sedimentary rooks. The soils are composed of the sediments of the Colorado
River and its tributaries which have been deposited on the flood plains and the
delta, both on the north slope to the Salton Sea, where alternating lacustrine
conditions have resulted in more or less modified profiles, and on the south
slope where the deposited sediments are typically alluvial. The soils occur in
an arid Macrothermal "Very hot-desert" (BUVhh) climate ^vith less than 4 inches of
rain and with warm winters and very hot summers. The limited rain has very
little effect on the soil, barely wetting the surface, as part of it comes in a
rainy period in early autumn and part in late \'j-inter and very early spring. The
soils occupy gently sloping plains and have very little vegetative cover other
than a few scattered desert shrubs and alkali weeds. Subdrainage is fair.
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although it is often rather slow. The profiles are strictly recent, shovdng no
evidence of weathering.
The surface soils to depths of 2 to 3 feet are light purplish brovioa to
purplish gray when dry, becoming a light chocolate color when wet» They show
indefinite structure, although after wetting the surfaces will pack to a crust
with some development of the crust-mulch type of structure. They break to a
firm lumpy tilth, with fragments that are fairly dense. The soil is calcareous
and most of the areas contain appreciable quantities of alkali. The immediate
"surface of the areas with aocujnalations of alkali show the typical crust of the
fluffy mulch due to efflorescence of salts.
The subsoils are light purplish brown to light purplish gray, much
lighter in texture than the surface soils ajid always lighter than a clay loaiu.
Generally the subsoils are sandy loams, although they may be more or less stratified with layers of clay loam and even of clay. They are much more porous and
permeable than the surface soils and afford natural drainage if outlets are
available. They are calcareous and strongly basic in reaction. The soils of
the Holtville series are practically identical m t h those of the Imperial scries
insofar as the surface soils are concerned, but the subsoils are more pervious,
giving them much better drainage conditions. They have been separated from the
Imperial series mainly on the basis of this subsoil difference. The surface
soil textures are generally heavy, 10 per cent being loatas and sandy loams and
90 per cent clay loams and clays. Eighty-four per cent of the total area is
affected with alkali to a greater or less degree.
In its natural condition the soil is of no agricultural value, existing as a barren or very sparsely covered desert. Under irrigation the soils
that are free from alkali or that contain relatively small quantities are utilized for alfalfa, sorghums, grains, cotton, and some vegetables, mainly lettuce,
cantaloupes, and tomatoes. Yields are fair to good, although where alkali is
present they may be poor to very poor. About 218,000 acres have been mapped
in the Imperial and Palo Verde valleys. Other areas occur in the valleys along
the Colorado River and on the Colorado delta of Baja California. The Holtville
series are related to the Imperial soils, which have dense, heavy-textured subsoils, and to the Rositas which have sandy surface soils made up in considerable
part of wind transported material from the adjacent deserts.
Meloland Series
The Meloland series are mineral secondary pedocalic heterolithous soils
formed from transported material of mixed geological origin but mainly derived
from sedimentary rooks. They are composed of the sediments of the Colorado
River together with sandy material brought in from the adjacent deserts. The
sediments and sandy materials have been reworked from time to time by floods
and by waves during the periods ^vhen the Imperial Valley v/as filled with water
to foi-m a lake or sea. The present surface of the Meloland soils has been more
or less modified by wind and probably represents to a large extent wind assortment and deposition. The profiles are recent, showing no evidence of modification due to weathering. The soils occur under arid Maorothernial "Very hotdesert" (Blhh) climate with less than 4 inches of rain, v/hich has -very little
effect on the soil, part of it 'falling in the early autumn and part during the
late winter or very early spring and usually in amount barely sufficient to wet
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the surface soils. The winters are mild with only occasional periods of frost,
while the siramers are exceedingly hot both day and night. The soils occupy
gently sloping plains with a surface rather irregular due to wind drifting and
deposition of the sand in the form of mounds and low dunes. The vegetation of
scattered desert shrubs is sparse. Subdrainage is restricted by the dense and
heavy character of the subsoil. Surface runoff practically never occurs.
The surface soils to depths of 2 to 4 feet are light grayish brown to
light purplish gray, the sandy members having single grained structure while the
sandy loams tend to develop crust mulch, A very large portion of the soil has
appreciable accumulations of alkali and here the surfaces develop either the
fluffy efflorescence condition or bake to a hard alkali crust. The soils are
highly calcareous and quite porous and pervious.
The subsoils are light purplish brown to purplish gray in color, heavy
textured, dense, compact and very slowly pervious to water and roots. They are
more or less stratified, with thin partings of lighter textured material. They
are highly calcareous and in all respects very closely resemble the subsoils of
the Imperial series. The Meloland and Imperial series might be considered as
one series of soils but have been separated mainly on the basis of the wind modification and assortment of the surface horizons of the Meloland, Agronomically,
however, the Meloland represents the lighter textured types, while the Imperial
represents the heavier textured types, having otheiT/ise similar profiles.
The soils in their natural condition have no agricultural value, existing as broad sandy desert ^mstes. Under irrigation they give excellent yields
of alfalfa, grains, cantaloupes, lettuce, tomatoes and other truck crops, cotton,
sorghioms, and field crops. Yields are depressed locally by accumulations of
alkali and approximately 54 per cent of the total area of Meloland soils contains
alkali in greater or lesser concentrations. The series has been mapped over an
area of about 83,000 acres, mainly in the Imperial and Palo Verde valleys. Other
areas are kïlown to occur in the valleys along the Colorado River and in Baja
California, Thirty per cent of the total area is composed of sand with 70 per
cent sandy loams, there being no heavier textures as yet mapped. The soils
are closely related to the Imperial and to the Holtville and Rositas series,
Rositas Series
The Rositas series are mineral secondary pedocalic heterolithous soils
formed of transported material of mixed geological origin that is composed of
a mixture of Colorado River sediments and sandy materials blown or washed in
from adjacent desert areas. The distribution of sands and silts in the profile
indicates that in the process of accumulation the sandy materials have been
repeatedly eroded and spread about by floods of the Colorado and also by wave
action during those periods when the Imperial Valley was filled with water to
form an inland sea. The profiles are recent with no evidence of weathering.
They are formed under arid Macrothermal "Very hot-desert" (Bl/Vhh) climate with
less than 4 inches of rainfall. The rainfall has little effect on the soil,
being divided in two periods of precipitation one usually occurring in early
autumn and the other in late winter or early spring, and the quantity that falls
is rarely more then enough to wet the surface soils. The soils occupy gently
sloping plains with the surface considerably modified by wind to numerous low
dunes, mounds, and hillocks where the sand is accumulated about the sparse desert
vegetation. Subdrainage is good and surface runoff practically never occurs.
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The surface soils to indefinite depths are light grayish hroma to light
purplish gray, single grained and without structural arrangement except v/here
alkali is present, when an alkali crust is usually formed. The soils are poi'ous,
pervious, and highly calcareous. The subsoils are essentially the same as the
surface in texture, color, and character, but usually with more or less stratification and frequently having between the sandy layers thin strata of silty
material and occasionally thin fragmentary strata of clays. The subsoils represent in most cases sandy materials that have been reworked by river floods or
lake water, while the surface soils usually show the effect of wind assortment
and modification. The subsoils are very similar to those of the Holtvillo
series and the Holtville and Rositas could well be included in a single series,
the Rositas representing the light textured sand and sandy loam types, while
the Holtville represents the medium to heavy textured types.
In their natural condition the soils are of lo^v value, existing as dry
sandy desert areas with sparse cover of mesquite and desert shrubs. Under irrigation good yields of alfalfa, grains, tomatoes, cantaloupes, peas, lettuce,
cotton, sorghums and other crops are obtained. Grapefruit has been planted
on a nuiaber of areas and where the soils are free from alkali growth and production is good. Alkali is present over about 31 per cent of the total area
in concentrations of greater or lesser degree. This depresses the yields
markedly but with the good subdrainage that exists reclamation of the Rositas
soils by leaching and washing out the excess salt is relatively simple. The
soils are highly productive and with the favorable climate and long gromng
season give large crop returns per acre. Seventy-four per cent of the total
area is made up of sands, with 26 per cent sandy loams. The soils have been
mapped over about 75,000 acres in the Imperial and Palo Verde valleys. Other
areas exist in the valleys along the Colorado River and in Baja California.
The soils are very closely related to the Holtville and also to the Meloland
and Imperial series.
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INDEX
Delhi Series - 70

Acid igneous rock origin
(See Siallithous Division)

Diablo Series - 24
Adelanto Series - 56

Dinuba Series - 69
Aiken Series - 15

Division - 7, 29
Altamont Series - 22
Dublin Suite - 92
Antioch Family - 96
Dublin Series - 93
Antioch Series - 98
Elna Family - 107
Arenalithous Division - 12, 22,

4
Elna Series - 109

Basic igneous rock origin (See
Simalithous Division)

Esparto Series - 96

Bellavista Family - 80

Fallbrook Series - 21

Bieter Suite - 83

Farwell Series - 74

Bieber Series - 83

Foster Series - 61

Brentwood Suite - 90

Fresno Family - 60

Brentwood Series - 90

Fresno Series - 63

Cajon Series - 54

Garey Series - 32

Capay Series - 89

Gila Series - 110

Carson Series - 107

Greenfield Series - 41

Cayuoos Series - 18

Gridley Series - 78

China Series - 66

Hanford Series - 40

Class - 6

Hesperia Series - 55

Clear Lake Series <• 94

Heterolithous Division - 29, 103

Coachella Series - 71

Holland Suite - 12

Columbia Suite - 103

Holland Series - 12

Columbia Series - 104

Holtville Series - 112

Corning Series - 35

Honcut Series - 77

Delano Series - 50

Hugo Series - 16
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(Cont'd)

Imperial Family - 110

Rocklin Series - 48

Imperial Series - 111

Rositas Series - 114

Kettleman Series - 25

Sacramento Series - 105

Lahontan Series - 108

San Joaquin Family - 38

Los Osos Series - 17

San Joaquin Series - 45

Lost Hills Family - 101

Secondary Soils - 5

Lost Hills Series - 102

Sedimentary rock origin
(See Arenalithous Division)

Madera Family - 50
Siallithous Division - 12, 20
Madera Series - 51
Marina Series - 31

Sierra Series - 13

Meloland Series - 113

Simalithous Division - 15, 72

Merced Family

Standish Series - 82

- 66

Meroed Series - 67

Stockton Family - 76

Mohave Series - 57

Stockton Series - 79

Montezuma Series - 95

Suite - 8

Oakley Series - 30

Suborder -

Order - 4

Surprise Series - 81

Organic Soils -

Tangair Family - 30

Panoche Series - 101

Tangair Series - 33

Peat - 26

Transported Soils -

Pedalferio Soils -

Tubac Family - 53

Pedocalic Soils - 20

Tubac Series - 58

Placentia Series - 44

Tujimga Series - 39

Pond Series - 62

•Vina Suite - 72

Porterville Series - 75

Vina Series - 73

Primary Soils - 4

Vista Series - 20

Ramona Series - 42

Yftllows Series - 91

Redding Family - 34

Yolo Suite - 85

Redding Series - 36

Yolo Series - 85

Residual Soils -

Zamora Series - 87

Rincon Series - 97

