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GEOLOGY AND GROUND WATER IN NAPA AND SONOMA
VALLEYS, NAPA AND SONOMA COUNTIES, CALIFORNIA

By Frep Kunker and J. E. Upsox

ABSTRACT

Napa and Sonoma Valleys are adjacent alluvium-filled valleys about 10 miles
northeast of San Francisco. They occupy alined and structurally cortrolled
depressions in the northern Coast Ranges physiographic province and drain
south into San Pablo Bay. The valleys are surrounded and underlain by un-
consolidated marine and continental sediments and volcanic rocks of Pliocene
and Pleistocene age, which are water bearing in large part and together make
up relatively extensive ground-water basins. Napa Valley, the eastern valley,
is the larger and has a valley-floor area of about 85 square miles. £onoma
Valley has a valley-floor area of about 35 square miles; in addition, atnut 10
square miles is unreclaimed tidal marsh.

The rock units of Napa and Sonoma Valleys are divided into four classes on
the basis of their distribution and relative capacity to yield water: (a) Con-
solidated virtually non-water-bearing chiefly sedimentary (some metamorphic)
rocks that range in age from Jurassic(?) to Pliocene; (k) marine shsle and
sand of the Petaluma formation (Pliocene) and the Merced formation (Plio-
cene and Pleistocene?) that do not crop out within Napa or Sonoma Valleys
but perhaps are penetrated by some deep wells drilled in Sonoma Valley; (¢)
Sonoma volcanics of Pliocene age, parts of which are non-water-bearing and
parts of which locally yield large quantities of water; and (d) unconsolidated
alluvial deposits mainly of Quaternary age. The deposits of classes (¢) and
(d) contain the most important aquifers in the area.

Most of the water used in these valleys is pumped from wells in the younger
and older alluvium, in the Huichica and Glen Ellen formations, and in the
Sonoma voleanics. The principal aquifers are the younger and older alluvium,
but appreciable quantities of water are pumped locally from the Sonorta vol-
canics. The Huichica and Glen Ellen formations yield water in small quan-
tities and at most places supply water only for limited domestic uses.

The younger alluvium coneists of interbedded deposits of unconsolidated
gravel, sand, silt, and, locally, peat. These deposits underlie the flood plains
and channels of the Napa River, Sonoma Creek, and their tributaries, low
alluvial fans or plains graded to these streams, and the tidal marshiands. The
older alluvium of Napa and Sonoma Valleys is composed of lenticular devosits
of unconsolidated and poorly sorted clay, silt, sand, and gravel. Where ex-
posed, claypan or hardpan soil is characteristically developed at the surface.
The Huichica formation is composed of deformed continental beds corsisting
mostly of yellow silt with some interbedded lenses of silt and gravel, and silt
and boulders. At the base are beds of redeposited volcanic material, sil*, clay,
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2 GEOLOGY, GROUND WATER, NAPA AND SONOMA VALLEYS, CALIF.

and lenses of coarse gravel and boulders. The Glen Ellen fcrmation consists
of alluvial clay, silt, sand, and gravel in clearly stratified but generally lenticu-
lar beds.

The Sonoma volcanics constitute a thick and highly variakle series of con-
tinental volcanic rocks, including andesite, basalt, and minor rhyolite flows and
interbedded coarse- to fine-grained pyroclastic tuff and breccia, redeposited
tuff and pumice, and diatomaceous mud, silt, and sand. A prominent body of
rhyolite flows and tuff with some obsidian and perlitic glas<, called the St.
Helena rhyolite member, occurs in the upper part.

Estimated ground-water pumpage for all uses in the year 1049-50 was about
5,600 acre-feet in Napa Valley and about 2,400 acre-feet in Soroma Valley. Of
this quantity the amounts pumped for irrigation were about 2,900 and 1,900
acre-feet, respectively.

Water levels in wells in the central parts of the valleys range from a few
feet above the land surface to about 50 feet below, with an average of about
25 feet. The quality of the water in most wells is satisfactory for domestic
use and irrigation. Locally at the southern end of the valley some contamina-
tion of the native waters is caused by the movement of salty water into areas
of concentrated pumping. Water from wells at a few places has concentra-
tions of boron greater than 4 ppm (parts per million).

The estimated gross ground-water storage capacity to a depth of 200 feet in
Napa Valley is about 300,000 acre-feet; however, about 60,00( acre-feet occurs
in an area that may be contaminated by the infiltration of brackish water
from the tidal part of the Napa River.

The estimated gross ground-water storage to a depth of 200 feet in Sonoma
Valley is about 180,000 acre-feet. Because Sonoma Valley at its broad southern
end is in contact with the tidal marshes and brackish water in the sloughs
tributary to San Pablo Bay, an appreciable lowering of the water table in
this area would cause the encroachment of salty water into areas where the
water now is usable. Consequently, usable storage is considerably less than
180,000 acre-feet.

INTRODUCTION

LOCATION AND EXTENT OF THE AREA

The area of investigation, about 40 miles northeast of San Fran-
cisco, comprises the tidal marshlands, alluvial plains, and adjoining
terraces, foothills, and mountain slopes of Napa and Sonoma Valleys,
which are in Napa and Sonoma Counties (pl. 1). It is approxi-
mately between 38°05” and 88°40” north latitude and tetween 122°10”
and 122°40” west longitude, and is shown on the U.S. Geological Sur-
vey topographic maps of the Calistoga, St. Helens, Santa Rosa,
Sonoma, Mount Vaca, Mare Island, and Carquinez quadrangles, 15-
minute series, scale 1: 62,500.

PURPOSE AND SCOPE OF THE REPORT

This investigation and report were undertaken by the U.S. Geologi-
cal Survey in cooperation with the California Department of Water
Resources as part of the State’s reappraisal of its water resources.
The purpose of the Geological Survey’s work is to determine the
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geologic features relating to ground-water conditions and to estimate
the gross storage capacity of ground-water reservoirs in slected
areas in the State.

The present report describes surface and subsurface geolog'~ con-
ditions relating to the occurrence, source, and movement of ground
water; data on water wells; data on the fluctuations of water levels
in observation wells during the period of the investigation; repre-
sentative well logs; available data on the chemical quality of ground
and surface waters; an estimate of the ground water pumped in cer-
tain recent years; and a preliminary estimate of the ground-water
storage capacity of deposits within the main valley portions of the
areas.

Fieldwork was begun in September 1949, and most wells w-re lo-
cated by the autumn of 1950. Geologic mapping and other field
studies were completed by March 1952.

The investigation by the Geological Survey was made under the
immediate supervision of J. F. Poland, then district geologist of the
Ground Water Branch of the Survey for California.

EARLIER WORK

The earliest geologic work within the immediate vicinity of Napa
and Sonoma Valleys was that of Osmont (1905). This was followed
by Dickerson’s study (1922) of the volcanic rocks, and subsequently
by Weaver’s more detailed mapping (1949) of the volcanic rocks,
older consolidated sedimentary rocks, and younger unconsolidated
deposits. Weaver’s study, made over a considerable period of years,
covered the entire sequence of formations from Jurassic(?) to Re-
cent. Axelrod (1950) collected and identified fossil plants from de-
posits that occur near Napa. Reports of other geologists who vrorked
in adjoining or nearby areas are referred to specifically at appropriate
places throughout this report. Earlier studies of the water resources
of Napa Valley were made by Clark (1919) and Bryan (1932).
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GEOGRAPHY

TOPOGRAPHIC FEATURES

The location of the area of this report is shown on plate 1 and
the main features are shown on plate 2. Napa Valley on the east
and Sonoma Valley on the west are clearly defined structural and
topographic depressions at the southern end of the northern Coast
Ranges. The Howell Mountains lie to the east and the Sonoma
Mountains to the west; the Mayacmas Mountains lie between the
valleys. On the south, the valleys merge around the southern end
of the Mayacmas Mountains. They adjoin San Pablo Bay, the
north arm of San Francisco Bay. Each valley ccnsists of a low
central alluvial plain and bordering terraces and montain foothills.

The central alluvial plains consist mainly of alluvial fans that slope
from the sides of the valleys and meet at the axial drainageways.
The valleys are narrow at the north and generally broaden south-
ward where they merge with extensive flat tidal mershlands. Bor-
dering the plains are terraces that rise in fairly distinct steps to
maximum heights of 300 to 400 feet and abut the adjacent foothills
and mountains. These terraces are broadest and most prominent in
the southern parts of the valleys and on the southern end of the
Mayacmas Mountains; they are almost completely lacking farther
north. The bordering hills and mountains rise rather abruptly to
altitudes between 1,000 and 4,000 feet. The highest peak in the
region is Mount St. Helena (4,344 feet), about 414 miles north of the
northern end of Napa Valley. These hills and mountains have steep
brush-covered slopes unsuited for agriculture. Accordingly, the
cultivated and developed areas are almost entirely on the alluvial
plains and adjoining terraces and foothills.

Napa Valley is drained by the Napa River and several tributaries,
largest of which are Conn and Milliken Creeks. The Napa River
heads on the south flank of Mount St. Helena and is intermittent
throughout most of its course. In the lower few miles, however, it
is perennial, probably owing to discharge of ground water, and it is
tidal downstream from a point about half a mile above Napa. The
central alluvial plain of Napa Valley is about 32 miles long and
ranges in width from less than 1 mile at the north end to nearly 4
miles just north of Napa. About 1 mile south of Napa the plain
narrows to about 2,000 feet between the encroaching valley sides at
the head of the tidal marsh. Thus, the greater part of Napa Valley
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is separated from the marshlands, and brackish * water from the bay
has access to the valley only along the tidal part of Napa River.

The alluvial plain of Sonoma Valley is roughly triangular. It is
abont 8 miles from the apex at the north to the base at the south.
The base is about 6 miles wide. The southern part of the plain
grades almost imperceptibly into the tidal mhrshlands. Sonoma
Valley is drained chiefly by Sonoma Creek, which heads on the west
side of the Mayacmas Mountains and traverses the southern part of
Kenwood Valley before entering Sonoma Valley about 1 mile b2low
the town of Glen Ellen. Sonoma Creek is perennial below Glen
Ellen, where it is sustained in part by ground-water discharge, but
it is intermittent across part of the alluvial area, and becomes tidal
in its lower course.

The tidal marshlands along San Pablo Bay which merge with the
alluvial plains of Napa and Sonoma Valleys are a distinctive area
but are not clearly separated from the rest of the valley floors. They
are flat lands at or near sea level and are traversed by num-srous
winding tidal channels containing strongly brackish water. Con-
siderable areas have been reclaimed through the constructicn of
levees and drainage ditches. The marsh water seeps into these
ditches and is thence pumped out over levees and into the tidal
channels. Upon drying out and subsequent compaction of the under-
lying peat and marsh mud, the reclaimed areas settle, and some are
as much as 5 feet below sea level.

CLIMATE

The climate of Napa and Sonoma Valleys is of the Mediterrenean
type, which is characterized by moderate temperatures and markedly
seasonal precipitation. In this area, practically all the precipitation
occurs as rain, and very little occurs in summer. Table 1 gives yearly
precipitation by water years at eight representative stations in the
area. These include most of the stations for which records are
available, and are the ones having the longest records. Some re~ords
of monthly rainfall are available in publications, but some are in the
files of the U.S. Weather Bureau in San Francisco and are not gen-
erally available. For that reason they are given here in full. Rec-

1In this report, the terms “brackish,” ‘saline,”” and “salty” are used in particular
senses. The term “brackish” means the mixture of fresh and sea water that occurs
in San Pablo Bay, in the tidal estuaries, and in the tidal parts of the Napa River
and Sonoma Creek. “Saline” refers to water, not necessarily brackish as defined above,
having a concentration of dissolved solids greater than 1,000 ppm (parts per million).
“Salty” refers primarily to the presence of chloride or sodium phloride, and is used for
water having a chloride concentration greater than 250 ppm. Whereas the chemical
conew trations of these waters may fall within the same range, the origin of the salts

is duterent. Hence, the terms are mutually exclusive and each is applied in the sense
most appropriate to the particular water described.
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ords from five other stations are not included here because they are
for short periods or because the stations are close to others for which
the records are included. These five stations and the period of rec-
ord at each are as follows:

Station Period of record !
Atlas Road.. .. .. January 1940-{">ptember 1951
Napa oo e December 1945-September 1951
Oakville, 4 miles southwest__..__.._____....___ May 1943-September 1951
St. Helena, 4 miles west._ - ..o . January 1940-{'sptember 1951
7 miles northwest__..___.-..._._.. November 1940—September 1951

1 Information not tabulated by U.8. Geological Survey beyond date shown.
TaBLE 1.—Annual precipitation, in inches, at representative stations in Napa and
Sonoma Valleys

[Except as indicated, from published and unpublished records of the U.8, Weather Breau. ‘“Inc.” indicate s
that record for the year is incomplete]

Oaksglle
an
Mount | Calistoga| St. Hel- Conn | Oakville | Angwin | Napa

‘Water year ! 8t. Hel- | (Alt 363 9;1635 (Iztl)lt Dam * 1 mile (Al}:g,ﬁlo State | Sonoma

ena (Alt (Alt 210 | west? Hospital | (Alt 301t)
2,300 ft) ft) (Alt 153 (Afltt) 60

5]
o
se

o3RRS

RUBSR KJNIR B

FERRS

B3

21. 656
22.24
26. 44
22,57

30.27 Inc.

24.69 ) ...

2479 | eoal

13.63 Inc.

16. 69 20. 50

20. 58 26. 16

25,74 27.52

28, 55 28.76

23. 56 25. 81

30.84 36.92

21.19 28.43

23.77 28. 36

In 30. 84 Inec.

23. 42 14.91 (...

52.15 31.10 |omoeeeas
30.60 20.03
37.54 25.03
23.01 17.44
24.03 14. 44
58.98 34. 50

See footnotes at end of table.
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TaBLE 1.—Annual precipitation, in inches, af representative stations in Napa and
Sonoma Valleys—Continued

Qakville
Mount Conn and Napa
8t, Hel- | Calistoga| St. Hel- | Dam? | Oakville | Angwin | State Sonoma
Water year ! ena (Alt | (Alt ena (Alt | (Alt210 [ 1mile [(Alt 1,610 Hospita' [(Alt30£t)
2,300 ft) ft) ft) ft) west 3 ft) (Alt 60
(Alt 153 ft)
and 170
ft)
191416 ... 49.61
1615-16... 43.63
1016-17. 29. 04
1017-18. 21. 50
1918-19 . _._._... 30.73

(S E=k C=

PERSE
SW:&N

23585
58825

GARRS ZRRSE
RESE RTIB/E

RER B8IIL &
83 #8¥23 3

33 82

1980-B1 | 38.21
Number of
complete years 1 56 44 [ 12 11 7 16
Average.......... 60.48 36.31 32.02 19.76 27.88 36.48 23.47 27.93

! From Oct. 1 of one year to Sept. 30 of the next year.
: gc'é’c'ﬁu'xe?v"ﬁg sato f(;;zﬁ%?ep?rggyJ%gé&egrim to June 1914; at 1 mile west of Oakville beginring in De-
cember 1943,

The average annual precipitation differs considerably from one
part of Napa Valley to another. As indicated in table 1, the yearly
precipitation at the several stations is not directly comparable be-
cause the periods of record do not coincide. Nevertheless, ths aver-
age annual precipitation based on these records ranges from about
23 inches at the Napa State Hospital to about 32 inches at St.
Helena and about 60 inches at Mount St. Helena. The average pre-
cipitation at Calistoga seems to be a little more than at St. ITelena.
Thus, in general, the southern part of Napa Valley receives les rain
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than the northern part, and probably the valley flcor receives less
rain than the adjoining mountain areas. The figures for St. Helena,
Conn Dam, the Oakville stations, and Angwin are for periods that
are too short to be truly representative, but they probably suggest
the order of magnitude of the average precipitation.

The only record for Sonoma Valley—and that for a broken period
between 1885 and 1907—is for a station at Sonoma. The rainfall in
those years, however, is consistently a few inches higher than at Napa
State Hospital for the same years.

Night and morning fog, blown in from San Pablo Bay, is common
at all seasons of the year, particularly in the southern parts of the
valleys. Because the fog acts as an insulator, it decre~ses the amount
of heat received from the sun in the summer, and decreases the
radiation of heat from the earth in the winter. Therefore, the
temperature of Napa and Sonoma Valleys is moderste compared to
that of the Great Central Valley of California. Tle mean annual
temperature is about 60°F. During the winter, temperatures below
freezing are infrequent and usually occur only during clear nights.
The temperature range is greater at the northern enc's of the valleys
than at the southern ends. However, the extreme pcssible range be-
tween winter and summer temperatures is large. Although not in
the same year, the recorded maximum and minimum temperatures
are 110° and 17°F at Napa and 115° and 10°F at St. Helena.

CULTURE

In Napa County about 2,000 farms contain 375,007 acres of land.
Of this acreage, about 67,000 acres is cropland and 41,000 acres
woodland. The remainder of the land, or about 267,000 acres, is
largely mountainous, having pronounced relief and a dense growth
of chaparral. It is suitable for nothing but grazing, and a given
area can be grazed for only a short time each year. Corresponding
figures are not available for Sonoma County, but the land is similar
and the proportions about the same.

Nearly all the cultivated parts of both Napa and Conoma Valleys
are on the alluvial plains and bordering terraces and foothills. The
alluvial plains are ideally suited to dry farming of grapes and
prunes and to irrigation of permanent pasture. Some land on the
alluvial plains and some on the gentler slopes of the mountainous
areas is devoted to dry farming of hay and grain. Cattle, hogs,
sheep, and poultry also are raised throughout the two areas. A great
many wineries, both large and small, many fine dairies, and nu-
merous small chicken and turkey ranches contribute to the economy
of the area.
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The principal towns are Napa, St. Helena, and Calistoga in Napa
Valley and Sonoma in Sonoma Valley. Napa is the county sat of
Napa County, and Sonoma was at one time the county seat of
Sonoma County (the present county seat is Santa Rosa, in Santa
Rosa Valley). All these towns are the centers of business and social
activity for their respective districts, and they are all surrounced by
areas of attractive suburban development. A number of small unin-
corporated towns are rather evenly distributed throughout both val-
leys, and a well-integrated system of paved roads connects the
ranches to main highways which lead directly to San Francisco.
Thus, transportation of goods and movement of people to and from
the metropolitan center are rapid. Even though the economy of the
valleys is predominantly agricultural, a cosmopolitan attitud> and
way of life exist throughout the area. In addition to the highways,
branch lines of the Southern Pacific and the Northwestern IPacific
Railroad serve the valleys.

Probably most of the water used in Napa and Sonoma Valleys is
for domestic and related consumption, and much of that is from
surface supplies. Because the rainfall is relatively high in winter
and because nights in summer are cool and moist, prunes and grapes
mature without irrigation. Accordingly, no vineyards are irrigated
and only about 1,500 acres of orchard and about 2,000 acres of
permanent pasture are irrigated, the water being obtained from wells.
A few fields of tomatoes and truck crops also are irrigated, the water
being obtained either from wells or the Napa River.

In Sonoma Valley, individual homes, ranches, business esteblish-
ments, and towns obtain water from wells. The supply is not
abundant, and in some parts of the valley it is inadequate. In Napa
Valley, the towns and ranches formerly obtained water from wells,
which was adequate for most domestic needs. However, the supply
from wells in many parts of the valley failed to keep pace with
expanding demands, and in 1948 Conn Dam was completed, im-
pounding Lake Hennessy, the present surface-water supply of Napa.
Subsequently, the municipal systems of the towns from St. Helena
sonth and many ranches have made connections to the pipeline from
Lake Hennessy.

Several other formerly large users of ground water in Napa Valley
are now using surface water instead. For example, the Napa State
Hospital formerly derived its entire supply of water, about 590,000
gpd (gallons per day), from deep wells drilled into the vclcanic
rocks in the vicinity of the hospital. Beginning in 1951 the hospital
obtained water from Lake Hennessy and now uses wells for a s~pple-
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mentary supply only. From another group of wells, known as the
Suscol wells, drilled during the period from 1919 to 1933, large
quantities of water were pumped at various times for the towns of
Crockett, Benicia, and Vallejo. Since 1950, however, pumping from
these wells has been greatly reduced.

In several growing residential areas near Napa Valley, particu-
larly Browns Valley, Congress Valley, and a subdivision called
Hilton Acres situated about a mile south of Napa, supplies of water
from wells are inadequate.

WELL-NUMBERING SYSTEM

The well-numbering system used by the Geological Srvey in Napa
and Sonoma Valleys shows the locations of wells and a few springs
according to the rectangular system for the subdivision of public
land. For example, in the number 6/4-6R2, which was assigned to
a well in Napa Valley, the part of the number preceding the solidus
indicates the township (T. 6 N.); the number between the solidus
and the hyphen indicates the range (R. 4 W.); the digits between
the hyphen and the letter indicate the section (sec. 6) ; and the letter
following the section number indicates the 40-acre subdivision of the
section, as shown in figure 1. Within each 40-acre tract the wells
are numbered serially, as indicated by the final digit of the number.

D|C|B|A
E|F|G|H
ML K|[J
N|IP| QR

FicURE 1.—Well-numbering
system.

Thus, well 6/4-6R2 is the second well to be listed in the SE}SE$ sec.
6. As all the area of the present investigation is north and west of
the Mount Diablo base line and meridian, the foregoing abbreviation
of the township and range is sufficient. For parts of the valleys that
have never been public land or where survey lines ar» irrecoverable,
the system of subdivision has been projected for ref>rence only.

Incomplete numbers, such as 5/4-35E or 7/5-19, indicate the ap-
proximate location of wells, springs, or sampling poirts that are not
shown on the base map.
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GEOLOGY
GEOLOGIC FORMATIONS AND THEIR WATER-BEARING PROPERTIES

For the present report, the geologic formations of Nava and
Sonoma Valleys are divided into four classes as follows:

1. Consolidated sedimentary and metamorphic rocks. Thes> rocks,
which range in age from Jurassic(?) to Pliocene, yield pra-tically
no water.

2. Petaluma and Merced formations. The Petaluma formation
(Pliocene) and the Merced formation (Pliocene and Pleistocene?)
do not crop out within Napa or Sonoma Valley, but possibly are
penetrated by some deep wells drilled in Sonoma Valley.

3. Sonoma volcanics of Pliocene age, some of which are non-water-
bearing and some of which yield large quantities of water.

4. Unconsolidated alluvial deposits mainly of Quaternary z.ge.

The deposits of classes 3 and 4 contain the most important sauifers
in the area.

Plate 2 shows the areal distribution of the rocks of these classes.
For the first two classes, separate formations are not distinguished
on the map, but for the third and fourth classes some differentiation
is made. Plate 2 shows the structure and relationships of theve units
to each other; plate 8 shows the detailed lithology of the water-bear-
ing formations as determined from drillers’ logs of water wells.
Table 2 shows the stratigraphic units in Napa and Sonoma Valleys
and their relationship to each other.

CONSOLIDATED SEDIMENTARY AND METAMORPHIC ROCKS

The consolidated sedimentary and metamorphic rocks in the Napa
and Sonoma Valleys include representatives and correlatives of the
Franciscan group of Jurassic age or older, the Knoxville formation
of Jurassic age, the Horsetown(?) and Chico formations of Creta-
ceous age, the Capay shale, Domengine sandstone, and Markley sand-
stone of Eocene age, the San Ramon sandstone of Oligocene age, and
the Monterey shale and San Pablo group of Miocene age. All these
formations and groups were originally recognized and defined by
others largely in other areas but were distinguished and correlated
in the Napa and Sonoma areas by Weaver (1949). Weaver con-
sidered the Knoxville and Horsetown(?) formations as a unit and
mapped the San Pablo group as undifferentiated except along the
west side of Carneros Creek where he mapped the Neroly sandstone
separately.

On plate 2, these formations and groups are shown as a single unit
(undifferentiated pre-Sonoma rocks). Their distribution is taken
largely from Weaver. Although they are generally non-water-bear-
ing, nearly all are penetrated by a few water wells.

532671 0—60——2
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The hard, dense sandstone, chert, and serpentine of tl» Franciscan
group are virtually non-water-bearing except for very small amounts
of water in fractures. The Knoxville, Horsetown(?), and Chico for-
mations are chiefly sandstone and shale and a few beds of con-
glomerate; where penetrated by wells, they yield little or no water,
or water of such high chloride concentration that it is unsuitable for
most uses. For example, well 5/4-29C2, drilled to a depth of 1,010
feet, was abandoned as a “dry hole.” Well 5/4-5Q1, drilled to a
depth of 140 feet, produced a sufficient quantity of water for do-
mestic supply, but the water was unusable. Two analy-es from that
well showed chloride concentrations of 2,800 and 3,200 ppm (parts
per million), respectively (table 15). The Capay shale is grayish-
brown sandy shale having water-bearing characteristics similar to
those of shales of the Knoxville formation. Well 5/4-17F1, drilled
to a depth of 160 feet in the Capay shale, obtained water having a
chloride concentration of 3,970 ppm. The Domengine and San
Ramon sandstones are penetrated by a few shallow wells that yield
enough water of good quality for minimum domestic supplies. (See
wells in sec. 19, T. 5 N., R. 4 W.) Deeper wells wcnuld probably
yield water of poor quality.

The Markley sandstone of Eocene age, sandstones and shales of
the Monterey shale, and sandstones of the San Pablo group of
Miocene age are not tapped by wells in most areas. However, except
for the Neroly sandstone in the San Pablo group, theve formations
are consolidated and would probably yield little or no water to wells.
Water found at depth would probably be of poor quality.

The Neroly sandstone is the only formation of the Sar Pablo group
that Weaver mapped separately in this area. Along the west side
of Carneros Creek the Neroly sandstone forms a steep cliff capped by
basalt of the Sonoma volcanics. Here the Neroly is at least 700 feet
thick and consists of white to bluish-gray coarse-grained sandstone
and subordinate amounts of tuff, shale, and pebbly layers (Weaver,
1949, p. 85). Brachiopod fossils are common in some keds that crop
out west of Carneros Creek in sec. 19, T. 5 N., R. 5 W. The entire
formation is friable and appears able to transmit water fairly readily.

Although water occurs in all the pore space in all the rocks below
the water table, the probability of obtaining water in the consolidated
marine formations in quantities large enough and of good enough
quality to be useful is extremely unlikely. Two wells, 5/4-19J2 and
5/4-80B2, penetrate the Neroly sandstone and obtain mnderate quan-
tities of water. But other wells near these, such as 5/4-19R1 and
5/4-29C2, drilled largely in shale or cemented sandstone yield vir-
tually no water. Well 5/4-30R1 drilled into the same sandstone as
well 5/4-30B2 yields water too saline for most uses.
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Wells drilled into the consolidated rocks in Browns Vallny and
Congress Valley yield little or no water. Ranches in these small
areas not supplied by springs or surface sources often haul water
for domestic and stock use. Elsewhere in Napa Valley few wells
are drilled in the older marine formations.

PETALUMA AND MERCED FORMATIONS

The Petaluma formation, named by Dickerson (1922, p. 540-542),
is a series of light-brown massive and bedded sandstone, pebby con-
glomerate, and interbedded greenish-gray clay shale of shallov-water
marine and continental origin. It crops out along the ncrtheast
side of Petaluma Valley. According to Weaver (1949, p. 97), the
Petaluma formation is older than the Sonoma volcanics and vas up-
lifted, folded, and beveled by erosion before the accumulation of
those rocks.

The Merced formation, as it occurs in Sonoma and Marin Coun-
ties (Weaver, 1949, p. 92), is composed of marine sandstores and
sandy shales generally less than 300 feet thick and probably the
equivalent of the lower Merced of Lawson’s type section (1897).

Neither the Petaluma nor the Merced formation crops out in the
Napa and Sonoma Valleys. However, well 4/5-14D2, drilled to a
depth of 1,620 feet, did not penetrate recognizable Sonoma volcanics
at the approximate depth of 900 feet as expected from a projection
of the exposed geologic structure. Instead, it penetrated cewented
gravel, sand, and clay (apparently nonvolcanic) to the full depth.
This deep-lying material either is of Pleistocene age and was ac-
cumulated and preserved in a down-faulted or down-warped block,
is older and represents a nonvolcanic correlative of the 'onoma
volcanics deposited south of their southernmost known extent, or
represents a formation older than the Sonoma volcanics, possibly
a continental or estuarine equivalent of the Petaluma formation.

An electric log of well 4/5-14D2 indicates that the material below
1,370 feet contains saline water, whereas the water in the formation
between 190 and 1,370 feet is relatively fresh. The evidence, though
not conclusive, supports the hypothesis that this nonvolcanic material
below 1,370 feet may be either the Merced or the Petaluma for-
mation.

SONOMA VOLCANICS
GENERAL FEATURES

Definition and age.—The name Sonoma tuff was first app'ied by
Osmont (1905) to a thick accumulation of andesitic and basal‘ic tuff
containing interbedded lava flows and beds of sand and of gravel.
In the area of Osmont’s work, between Santa Rosa Valley and Mount
St. Helena, these tuffs rest on a body of predominantly andesite flows—
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which he called the Mark West andesite—and underlie a generally
distinctive body of rhyolitic rocks called the St. Hel=na rhyolite
member. Dickerson (1922) applied the name Sonoma group to all
three. Weaver (1949, p. 122-123) considered that the Sonoma tuff
and Mark West andesite of Osmont (1905) are in effect local varia-
tions of the same unit, and placed them both under the in-lusive term,
Sonoma volcanics. Weaver implied that the St. Helena is a distinct
unit and attempted to map it separately; nevertheless, he included
it as a member in the Sonoma volcanics. Weaver's usag» is followed
here, though it is felt that the St. Helena perhaps should be regarded
as a separate formation; there is also some merit to Osmont’s separa-
tion of the voleanic rocks into a lower body primarily of flows and
an upper body mostly of tuffs.

As defined and as exposed in Napa and Sonoma Valleys, the
Sonoma volcanics constitute a thick and highly variable series of
continental voleanic rocks, including andeésite, basalt, and minor
rhyolite flows with interbedded coarse- to fine-grained pyroclastic
tuff and brececia, redeposited tuff and pumice, and diatomaceous mud,
silt, and sand; also, a prominent body of rhyolite flows end tuff with
some obsidian and perlitic glass.

As mapped in Napa and Sonoma Valleys the Sonoma volcanics
are divisible into three units—(1) an undifferentiated volcanic unit,
composed predominantly of massive flows of andesite ard basalt and
for the most part stratified but generally pyroclastic tuff, breccia, and
agglomerate containing interbedded flows of basalt and andesite;
(2) a diatomaceous member composed of stratified and largely re-
deposited volecanic sand and gravel, with pumice, at least one thick
body of diatomaceous mud and siltstone, and thin interbedded basalt
flows; and (3) an upper member, the St. Helena rhyolite, composed
of pumice, welded tuff, and flows of primarily rhyolitic composition.
The diatomaceous member is believed to be near the middle of the
formation, and the St. Helena rhyolite member is at the top. These
members are differentiated and mapped only in the Milliken-Tulucay
Creeks area and in another area farther north along the east side of
Napa Valley. If present elsewhere, they are not mapped separately
from the undifferentiated Sonoma voleanics.

From their stratigraphic relationships with other units, the
Sonoma voleanics in Napa and Sonoma Valleys are believed to have
been formed in the interval between late Miocene and early Pleisto-
cene times. They rest unconformably on the Neroly sandstone of
Miocene age, and the St. Helena rhyolite member urderlies with
some unconformity the Huichica formation of supposed Pleistocene
age. West of Sonoma Valley the Sonoma voleanics lie unconform-
ably on the Petaluma formation of Pliocene age (Weaver, 1949;
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Dickerson, 1922). In Santa Rosa Valley the volcanic rocls inter-
finger with beds of the Merced formation of Pliocene and Pleisto-
cene( ?) age. Axelrod (1950, p. 45) collected plant fossils from the
diatomaceous clays in the volcanic rocks at a locality east of Napa
and concluded that the floral assemblage is in keeping with an early
late Pliocene stage of plant evolution in west-central California.
What appears to be a similar floral assemblage was collected by the
present authors at the Basalt Co. quarry about 2 miles due east of
Napa, about 800 feet due north of North Avenue, and abcut 1,800
feet east of Second Avenue, which is about 2 miles soutl of the
locality described by Axelrod. These fossils were identified by Mr.
R. W. Brown, of the U.S. Geological Survey (written comrmunica-
tion, October 6, 1952) as Pliocene in age. Diatoms from the same
beds were referred to the late Pliocene by Mr. K. E. Lohman, of the
Survey (written communication, March 6, 1953).

Thus, stratigraphic position and contained fossils indic~te that
the Sonoma volcanics are later than early Pliocene in age, and prob-
ably entirely Pliocene, but that their deposition may have extended
into the early Pleistocene.

Distribution—The Sonoma volcanics underlie and form most of
the mountain areas bordering the Napa and Sonoma Valleys except
for small areas underlain by the older sedimentary and metamorphic
rocks (pl. 2). A thick extensive body of tuffs and flows forms the
Howell Mountains east of Napa and extends from Jamison Canyon
northward into the unmapped area north of Mount St. Helena. The
volcanic rocks crop out in a narrow, discontinuous strip along the
west side of the alluvial plain of Napa Valley, and on that side also
they extend northward to Mount St. Helena. They compose most
of the Mayacmas Mountains and flank the east and north sides of
Sonoma Valley. They occur along the west side of Sonoma Valley,
where they form the Sonoma Mountains. These bodies are parts of
a once-continuous mass that probably extended from San Pablo Bay
northward into southern Lake County, and from Green Valley in
Solano County westward to Santa Rosa Valley. The Sonoma vol-
canics are several thousand feet thick.

The rocks have been strongly folded and probably have been
broken by faults. Some faulting, and cross structure associated with
faulting, can be seen at a quarry in"the SW% sec. 5, T. 5 N, R. 4 W.,
and along the east side of Napa Valley in the NW} sec. 2, T. 5 N.,
R. 4 W. Also, the logs of wells 5/4-14L1, 5/4-14L2, 5/4-27A1, and
5/4-26E1 along the line of a projected fault indicate that the Sonoma
volcanics were penetrated at depths less than 200 feet below the land
surface, and the logs of wells 5/4-14P1, 5/4-27H1, and 5/4-27H2
farther west indicate that the Sonoma volcanics were penetrated at
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depths greater than 350 feet below the land surface. (See pl. 3.)
This evidence is not conclusive, but it does support the possibility of
considerable faulting along the east side of Napa Valley which may
constitute a barrier to ground-water movement. (See p. 43.) Ap-
parently, dropped blocks underlie the Napa and Sonoma Valleys and
constitute the basic framework of those valleys.

Origin—The materials composing the Sonoma volcanics were
erupted probably from several vents within the area, and intermit-
tently over a period perhaps more than 1 million years long. The
materials were extremely varied in chemical comporition and in
eruptive character, so that they formed a complex £ssemblage of
flows, dikes, plugs, mudflows, breccias, pumice beds, and intercalated
bodies of stratified material mostly volcanic in composition but sedi-
mentary in deposition. Except for dikes and plugs, the materials
were highly lenticular.

After an initial extrusion of flows which form the basal part of
the Sonoma volcanics, ash or pumice was ejected to fall as a uniform
blanket over relatively large areas, subsequently perhaps to be cov-
ered by younger lava flows, which in turn were coverec by tuffs and
flows. At other times and places, ash or pumice alorg with frag-
ments of rock fell on moderately steep slopes where the accumula-
tions were unstable, and, lubricated and made viscous by rains, they
moved down the slope as mudflows (part of unit 1, see p. 16).

The flows and tuffs extruded from localized fissures and vents must
have formed a rugged terrane of considerable relief and uninte-
grated drainage. As a result, lakes, swamps, and pleyas intermit-
tently came into existence, and then were filled with lacustrine or
swamp deposits (unit 2), or buried under flows, ash, or tuff (unit 1).

Some lakes and swamps on the volcanic terrane were closely asso-
ciated with siliceous pumice and tuff, and, as a result, the silica con-
tent of the water in the lakes and swamps was high. Consequently,
diatoms—microscopic plants having a siliceous shell—thrived in
great numbers (Taliaferro, 1933). In some lakes or swamps, where
little mud, silt, or sand was washed in, the siliceous shells of the
diatoms made up the greater part of the deposits. In others, water-
laid clay, sand, and gravel composed the bulk of the rmaterial (unit
2).

During periods of relative quiescence, drainage in the area was in-
tegrated in the normal processes of erosion. Low places were soon
filled with wash or “mudflow” from the high places, low divides
were eroded, and some of the lakes and swamps were drained. When
the periods of quiescence were relatively long, larger streams heading
outside the area of volcanic eruptions brought nonvolecanic debris
into the area.
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In the final stages of volcanic activity extrusions or ejections of
silicic material formed deposits of pumice, welded tuff, and flows of
primarily rhyolitic composition mapped as the St. Helena rhyolite
member (unit 3).

LITHOLOGY AND WATER-BEARING PROPERTIES

SONOMA VOLCANICS, UNDIFFERENTIATED

The Sonoma voleanics, undifferentiated, consist mainly of andesite
tuffs and interbedded flows of andesite and basalt. In some areas
flows predominate, as in the steep canyons at the head of Green Val-
ley just east of the southern part of Napa Valley. These flows make
a dense body of massive flows several hundred feet thick, which may
correspond with the Mark West andesite of Osmont (1905). They
are poorly water bearing but are generally outside the lowland areas
of Napa and Sonoma Valleys.

Elsewhere in the mapped area the undifferentiated voleanic rocks
comprise tuffs and interbedded flows. These flows are of mas-ive to
vesicular basalt, andesite, and some rhyolite. The flows form the
steep cliffs along parts of both sides of Napa and Sonoma Valleys,
which are separated by reaches of gentler slope underlain by tuff.
In general, the flows are discontinuous, and they range in thickmess
from a few feet to a few tens of feet. Although they contain water
in fractures and doubtless can transmit some water, the flows are
generally poor aquifers. As nearly as can be determined from the
drillers’ logs, wells that penetrate the volcanic rocks obtain water
chiefly from the tuffs.

The tuffs occur throughout the area and form a large part of the
Sonoma volcanics, undifferentiated. They also form part of the dis-
tinctive diatomaceous member in the Milliken-Tulucay Creeks area.
Except in the latter area, the tuffs are a heterogeneous assemblage
of different types of volcanic ejecta including fragmental pumice
and ash, mudflow agglomerate, welded tuff, scoria, and minor
amounts of water-laid volcanic material. The general character of
the formation is well indicated by the section along the highway
west of the central part of Wooden Valley described by V7eaver
(1949, p. 124).

The fragmental pumice is coarse, unsorted, slightly compact>d and
angular, with angular inclusions of hard volcanic rock, many 4 or
b feet across. These are fragments of the rock through which the
eruptive material passed. This type of deposit occurs near an ex-
plosive vent and is progressively thinner, finer grained, and more
uniform in grain size away from the vent, though it may contain
scattered larger fragments. Individual fragments of the pumice
contain many airholes caused by explosive action on liquid lava. An
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excellent exposure of the pumice with included fragments of lava is
at the Basalt Co. quarry in the NE{NE} sec. 25, T. 6 N.,, R. 4 W.

Water-well drillers usually log this material correctly as pumice,
ash, or tuff, but they may mistake large erratic boulders for lava
flows. Ocecasionally tuff is incorrectly logged as “tufa.”? Where
pumice or tuff is penetrated below the water table it yields moderate
to large quantities of water to wells, as much as several hundred
gallons per minute. Material penetrated by wells 6/4-25B1 and
6/4-25B2 (table 17, p. 197) is typical. Well 5/4-26B1 (table 17, p.
180) also penetrates, in part, material of this type.

Fragmental mudflow agglomerate is composed of subrounded frag-
ments of lava in a matrix of fine-grained white to grey ash. This
material represents eruptive volcanic debris composed of rock frag-
ments and ash which was deposited on a land surface of moderate to
steep relief and which has moved as a mudflow to a more stable posi-
tion. These deposits are poorly sorted and generally compact, and
accordingly do not yield water readily. Typical exposures of mud-
flow agglomerate occur in the SWiSW4 sec. 9, T. 5 N, R. 4 W,,
along the Sonoma Highway, and in the NE4 sec. 2, T. £ N, R. 4 W,
beneath the St. Helena rhyolite member. This material is not a true
water-laid sedimentary deposit, but water-well drillers frequently
describe it as “clay and boulders” or “clay and ash” because of the
included fragments of lava found in drilling. The log of well 5/4—
911 is typical of a well drilled in this type of materizl. The yield
of this well is less than 10 gpm, and other wells in deposits of this
type generally have similar yields.

Welded tuft is similar to fragmental agglomerate except that in-
clusions of lava are less numerous, and the whole mass is compacted
and welded into a hard rock by its own heat. An excellent exposure
of this type of material can be seen along the north side of the Mon-
ticello road in the SWiSW}% sec. 20, T. 6 N.,, R. 3 W. This material
is hard and compact, has little pore space, and is frequently confused
with lava in well logs. Like lava flows, welded tuff is virtually non-
water-bearing. Material of this type was probably penetrated by
well 6/4-23J1 between 333 and 437 feet.

Scoria is generally red and vesicular and looks like red pumice.
This material probably is extrusive, but at some places it forms the
filling of a volcanic fissure or vent. It occurs chiefly in small areas.
Scoria from an outcrop in the NW4NE} sec. 24, T. 6 N, R. 4 W,
has an index of refraction of 1.565, indicating a corposition ap-
proximating andesite. Although it is locally very porous, the scoria
generally is not a good aquifer because of its limited extent. Drillers

2Tufa is a porous rock formed as a deposit from springs. Tuff is a fragmental
volcanic rock composed of the finer grained varieties of explosively ejected particles.
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log this material as “red volcanic ash” or “red volcanics.” An ex-
cellent exposure of this red scoria can be seen in the face of the
Basalt Co. quarry in the NW}NE} sec. 24, T. 5 N., R. 5 W.

Well 5/4-13L1 penetrates a thick section of scoria and other ex-
trusive and intrusive volcanics. The material indicated in the log
(table 17) as “pink in color” is probably scoria.

Water occurs throughout the Sonoma volcanics within the zone of
saturation. The principal aquifers in the Sonoma volcanics are the
tuffs which include pumice beds, and, to a lesser degree, the sgglom-
erates. The flows of andesite and basalt are generally impermeable,
are not much fractured, and hence are poor water bearers. Small to
moderate yields and, locally, large yields can be obtained from wells
that penetrate a sufficient thickness of saturated tuff of the Sonoma
volcanics. Typical wells drilled in the Sonoma volcanics in Napa
Valley are 5/4-1F1, 6/3-19M1, 6/3-33J1, 6/4-4E1, 6/4-35F 1, and
9/7-26G1.

The deepest wells in Napa Valley are in the Sonoma volcanics in
the Suscol area; the deepest well 5/4-26B1, reported to be 1,440
feet deep. Nearly all the wells of large yield are more than 400 feet
deep. Yields are as much as 400 gpm and are roughly proportional
to the thickness of tuff penetrated beneath the water table. The
pumping rates that are known are given in table 13.

Along the margins of Sonoma Valley the outcrop area of the
Sonoma volcanics is generally unsuited to agriculture and only a
few wells are drilled there. The yield of wells in the outcrop area
of the Sonoma volcanics is generally low, but it may range from a
few gallons per minute to several hundred. For example, well 6/6-
33K1, 101 feet deep, was bailed at the rate of 800 gph (gallons per
hour) with a 70-foot drawduwn, but well 6/6-15J1, only 75 feet deep,
is reported to yield 350 gpm.

Many wells along the margins of the alluvial plain draw water in
part from the Sonoma volcanics and in part from the overlyirg allu-
vial deposits; it is not known, therefore, how much of the water
comes from the Sonoma volcanics. The yields of these wells range
from a few gallons to 150 or 200 gpm but average less than about 50
gpm.

The volcanic rocks extend over many square miles in the hills bor-
dering the Napa Valley and, considered as a whole, constitute a tre-
mendous ground-water reservoir. Actually, the water is larvely. in
distinct bodies, only partly interconnected through fractures in the
flows that separate the more permeable tuffs. Only a few wolls are
in the hilly areas, and few details are known about the ground water.
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DIATOMACEOUS MEMBER

The diatomaceous member consists mostly of voleanic material—
water-laid ash and pumice and variable amounts of grrvel, sand, and
clay—all more or less diatomaceous. At some places these deposits
are well sorted and evenly bedded; at other places thy are poorly
sorted, lenticular, and crossbedded. The beds are extramely variable
in thickness and lateral extent. The coarser grained deposits that
consist mostly of sand and gravelly pumice have r-latively little
diatomite. The finer grained, more evenly bedded deposits of clay,
silt, and sand have large proportions of diatomite. Some of the
highly diatomaceous parts are massive and distinctly light in weight.
They are generally nearly white to light cream in colc.

The diatomaceous member as thus defined is mappec separately on
plate 2 in two areas: one east of Napa in the drainage basins of Mil-
liken and Tulucay Creeks and the other along the erst side of the
northern part of Napa Valley.

In the Tulucay Creek drainage the diatomaceous member reaches
considerable thickness. In the steep hills in the southeastern part of
the area (secs. 4 and 5, T. 5 N., R. 3 W.), the beds contain appre-
ciable quantities of coarse pumice and are interbedded with basalt
flows. To the north and west the amount of pumice decreases, and
the beds of silt and clay of increasing diatomite content become
thicker and more numerous. In an area of several squere miles (secs.
30 and 31, T. 6 N, R. 3 W, and secs. 6 and 7, T. 5 N, R. 3 W.) the
material consists almost exclusively of diatomaceous silt and clay.

To the west, along Imola Avenue and Third Avenue (NE} sec. 13,
T. 5 N., R. 4 W) the deposits are mostly of silt and send, with little
clay and a few beds of fine-grained gravel. Some of these strata
are diatomaceous and massive, but others are distinctly bedded and
locally erossbedded.

The best exposure of the mainly diatomaceous depssits is in the
quarry of the Basalt Co. in the NE4SW% sec. 6, T. 5 N,, R. 3 W.,
where the deposits are as much as 150 feet thick. Fos~il plants were
collected by Ora P. Kunkel from diatomite beds in tlis quarry at a
place about 800 feet north of North Avenue and 1,800 feet east of
Second Avenue. The assemblage of species is similar to that col-
lected by Axelrod (1950) at a small quarry in sec. 30, T.6 N., R. 3 W.
Axelrod assigned an early late Pliocene age to the fossils that he
collected.

Rocks from the southerly locality also contained diatoms identified
by K. E. Lohman, of the U.S. Geological Survey (written communi-
cation, 1952), as follows:
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Diatoms

[R, rare; F, frequent; C. co:nmén; A, abundant]

Amphora ovalis Kitzing . - .. .. .. .. R
B e - o c e e mmmmemmm— e — e mmemmmmemmm——o- R
Caloneis silicula tumida Hustedt_ .. ... .. _____________ R
Cocconets grove: Sehmidt. . .. ..o ___ F
placentula lineata (Ehrenberg) Cleve. ... . ______..____ F
B e o o e e e e e e e cmm—————— R
Cymbella affinis Kitzing. . . . ___ F
mezicana (Ehrenberg) Cleve_ _ . .. _______________._ ... F
tumida (Brebisson) Van Heurek . ________ .. __________ R
ventricosa Kitzing. - . ... F
Diatoma vulgare ehrenbergii (Kutzing) Grunow. . _______.____ F
Diploneis ovalis (Hilse) Cleve. . . _ . oo ____.__. R
Epithemia sorex Kitzing_ .- ... ... _...__ R
cf. E. turgida (Ehrenberg) Kiitzing ... . ______.____ F
Eunotia pectinalis (Kltzing) . - ... ___________ R
Fragilaria sp._ - - - oo eeeeo . F
Gomphoneis herculanea robusta Grunow _ . _ .- ______________ F
Gomphonema Sp- - _ - ... R
Gyrosigma distortum parkeri Harrisson. . ____________________ F
Melosira italica (Ehrenberg) Kiitzing____ . _____________ R
italica subarctica O. Muller.___________________________ R
Navicula cf. N. gastrum Ehrenberg_____________________.____ F
pupula Kitzing - ___ R
captitata Hustedt .. - - _ . __ . __ .. R
radiosa Kiitzing. __________________________________._ F
scutelloides mocarensis Grunow._ . . _ _______.____________ R
tuscula (Ehrenberg) Grunow_ _ . _ . ... .. o_oo_._. R
Nitzehia Sp - - o e R
Pinnularia cf. P. viridis (Nitzsch) Ehrenberg. . .. ... ________ R
Rhoicosphenia curvata (Kiitzing) Grunow_ _ _ . ... ________ F
Rhopalodia cf. R. gibba (Ehrenberg) O. Muller__.____________ R
gibberula (Ehrenberg) O. Muller_______________________ R
Stauroneis Sp_____ o eeeio__ R
Stephanodiscus astraca minutula (Kittzing) Grunow___________ A
cf. 8. carconensis Grunow___ .. ________________________ C
minor Grunow._ - _ - e C
Surirella robusta Ehrenberg._ . ____ . ___________.___._._... R
Tabellaria sp__ - e R
Tetracyclus cf. T. pagesi Heribaud . _ _______________________ R

Lohman reports that this assemblage of fresh-water diatom< sug-
gests deposition in a shallow lake of moderate temperature. Of these
species, 51 percent occur in the basal beds of the Tulare forration
in the Kettleman Hills, Calif. (Lohman, 1938). The lower part of
the Tulare formation is late Pliocene in age, and it seems probable
that a similar age is represented by the diatom assemblage from
Napa County. Comparisons with other Pliocene diatom floras
strengthen this assignment.
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Within the area east of Napa that is underlain by the diatoma-
ceous beds, many water wells penetrate material loggec by the drill-
ers as “tule mud.” No outcrops of this “tule mud” ar> known, but,
as observed in cuttings and as described by the drillers. the material
is uncompacted and varies in composition from leaves and wood
fragments to black mud. The deposits generally have an odor of
“decay.” They are not a true peat, and the term “tule mud” is con-
sidered to be accurately descriptive. The material is considered to
represent conditions of deposition similar to those existing at present
near the shores of San Pablo Bay.

The water-bearing characteristics of the diatomaceous member vary
somewhat. Wells in the vicinity of Milliken and Tulucay Creeks
range in depth from 65 to 700 feet; most of them are more than 100
feet and less than 300 feet deep. In the southern part of the area,
where the deposits contain considerable pumice, the pamping yield
is roughly proportional to the thickness of coarse pumice or tuff
penetrated beneath the water table and reportedly is as much as 830
gpm. No dry holes have been reported, and a well drilled to several
hundred feet anywhere in this part of the area apparently will yield
sufficient water for domestic needs at least.

Wells elsewhere in these deposits have small to moderate yields.
The beds of diatomaceous clay and silt contain little water of good
quality, but generally they seem to overlie good water-yielding de-
posits in the adjoining tuffs of the Sonoma volcanics. The dia-
tomaceous beds themselves may act as a confining layer holding the
ground water in the underlying materials under artesian pressure.
As is discussed more fully under ground water, many wells in the
area flow either perennially or in winter when summer draft on the
aquifers has ceased.

ST. HELENA RHYOLITE MEMBER

The St. Helena rhyolite member, the upper member of the Sonoma
volcanics, is differentiated in the southern part of Napa Valley and
along the east side of Sonoma Valley. It is not differentiated in the
northern part of Napa Valley. As mapped in the present study the
distribution of the member is somewhat different from that of
Weaver, because certain rhyolites that are generally similar petro-
graphically to the St. Helena, but actually belong in the main body
of the Sonoma volcanics, were mapped as the St. Helena rhyolite by
Weaver.

The unit consists of banded rhyolite flows, hard welded tuffs, lo-
cally some pumiceous deposits, and a layer of perlit'~ obsidian or
similar glassy material almost invariably present at the base of the
member. The obsidian is 6 to 10 feet thick and is generally a highly
fractured perlitic glass but is locally porphyritic. It is generally
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black to dark brown, but it may also be white, gray, green, or red.
The relation of the tuffs of the Sonoma volcanics, the perlitic ob-
sidian, and the coarse-textured phase of the St. Helena rhyolite
member are well displayed along the private road across ths SE}
sec. 30, T. 6 N., R. 3 W. There the bulk of the member is a bluish-
gray porphyritic rock having well-defined banding and flow struc-
ture. In the vicinity of Milliken Creek the uppermost part of the
St. Helena rhyolite member is a coarse welded tuff.

The St. Helena rhyolite member commonly is several hundred feet
thick but locally is as thin as 10 feet. Existing bodies are evidently
remnants of a once-continuous and extensive mass. They occur now
chiefly in the higher parts of the hills and mountains bordering Napa
and Sonoma Valleys. The rhyolite extends beneath the valley floors
at only a few places.

In the outcrop the St. Helena is a compact material that would
not yield water readily. It is probably penetrated by water wells
at places, such as in the northern part of the Milliken-Tulucay Creeks
area, but it is not distinguished by drillers from the underlying tuffs
of the Sonoma volcanics.

UNCONSOLIDATED DEPOSITS OF LATE PLIOCENE(?) TO RECEYT AGE
GLEN ELLEN FORMATION

Definition and age—The Glen Ellen formation, named by Weaver
(1949, p. 98) from the town of Glen Ellen at the northern end of
Sonoma Valley, consists of alluvial clay, silt, sand, and gravel in
clearly stratified but generally lenticular beds. The Glen Ellen un-
conformably underlies the younger and older alluvium and terrace
deposits in Sonoma Valley, and is doubtless in contact with the
Huichica formation beneath the alluvial plain. It does not occur in
Napa Valley, but it underlies a considerable area in Kenwood Valley
and in the hills and mountains northeast of Santa Rosa Valley; it
has a highly varied lithology in those areas. It is described more
fully in a report on Santa Rosa and Kenwood Valleys by G. T.
Cardwell (1958).

The lower beds of the Glen Ellen formation appear to b» inter-
bedded with the uppermost flows of the Sonoma volcanics. The
formation also contains considerable andesitic debris derived from
the Sonoma volcanics, and accordingly is thought to range in age
from late Pliocene to early Pleistocene, though no fossils have been
found in it. Weaver evidently believed that the Glen Ellen forma-
tion rests unconformably on the volcanic rocks, and he considered it
to be of Pleistocene age. It is in large part equivalent to tI'> Hui-
chica formation of Pleistocene age. The Glen Ellen formation is
deformed, and dips as much as 50° in some places.
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Distribution—Within the area of Napa and Sonoma Valleys, the
Glen Ellen formation crops out only along the west s'de of Sonoma
Valley from sec. 3, T. 5 N., R. 6 W., northward into Kenwood Valley
beyond the mapped area. The formation occurs also at depth beneath
the alluvial plain of Sonoma Valley.

Mode of origin and lithology~—The Glen Ellen formation was
deposited by streams in a subsiding basin or basins within and near
the edge of the Sonoma volcanics terrane. It is composed mainly of
alluvial-fan material. The lower part of the formetion at places
contains strata of pumice and tuff, which indicates that deposition
began, at least locally, before the final eruption of the Sonoma vol-
canics. The formation consists generally of poorly scrted lenticular
beds of clay, silt, sand, and gravel. The material is mostly andesitic
in composition, and some gravel beds contain anderite cobbles as
large as 6 inches in diameter. In the outcrop area in Sonoma Valley
the formation consists mostly of fairly compact clay, silt, and sand
interbedded with lenses of pebbles. The formation i~ well exposed
for several miles south of Glen Ellen along the west side of Sonoma
Valley.

Where penetrated by wells, the Glen Ellen formation appears to
have much the same character as in exposures. The chief materials
are clay and boulders, and clay. (See logs of wells 6/6-16J2,
6/6-22R3, and 6/6-34C1, table 22.)

Water-bearing properties—The Glen Ellen formation does not
vield water freely to wells. Most of the material is fine grained and
the permeability is comparatively low. For example, well 6/6-27D1
drilled in the Glen Ellen formation to a depth of 7¢9 feet was re-
ported (log not available) to penetrate clay for almost the entire
depth and was abandoned because of an insufficiert quantity of
water. Some water can be obtained from lenses of gavel, but even
the gravel contains such a high percentage of silt and clay that the
quantity of water available is rarely sufficient for more than domestic

needs.
HUICHICA FORMATION

Definition and age—The Huichica formation, nared by Weaver
(1949, p. 98) from Huichica Creek at the head of Sar Pablo Ray in
the northern part of the Mare Island quadrangle, is composed of de-
formed continental beds consisting mostly of massive yellow silt
and some interbedded lenses of silt and gravel, and silt and boulders.
At the base are beds of redeposited volcanic material, silt, clay, and
lenses of coarse gravel and boulders. Weaver considere that residual
gravel deposits forming terraces at several altitudes in this region are
interbedded with and part of the Huichica formation, but the present
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writers believe that they are not. The total thickness of the Huichica
formation has not been determined, but it may be more than 907 feet.

The Huichica formation rests unconformably on the Sonoma vol-
canics and underlies the older and the younger alluvium in both
Napa and Sonoma Valleys. The Huichica formation is probably
in contact or interbedded with the Glen Ellen formation beneath the
alluvium of Sonoma Valley. On the basis of corresponding strati-
graphic position and similar lithology, it is considered equival-nt to
at least the upper part of the Glen Ellen. No fossils have been col-
lected from it. However, because the beds, at least locally, are
rather strongly deformed and because they rest unconformably on the
tilted Sonoma volcanics, they are presumed to be early Pleis*ocene
in age.

Distribution—The type locality and the largest outcrop area of
the Huichica formation is at the southern end of the Mayacmas
Mountains, north of the tidal marshlands of San Pablo Bay. From
there the deposits extend as a thin strip along the east side of
Sonoma Valley in sec. 9, 16, and 22, T. 5 N., R. 5 W. Simil~v de-
posits occur also in a small area east of Napa in the valleys of Sarco
and Milliken Creeks. These deposits were mapped as the Mont»zuma
formation by Weaver (1949) but are here considered part of the
Huichica formation because they are somewhat deformed and I'~ve a
stratigraphic position and lithology similar to those of the Huichica
in the type locality. Although difficult to identify in well logs, the
Huichica formation occurs also beneath the eastern part of the older
alluvial plain of Sonoma Valley and part of Napa Valley near Napa.

Mode of origin—On the basis of examination of outerop~. the
Huichica formation is thought to have been deposited as alluvial
fans by streams principally draining uplifted areas of the Sonoma
volcanics and flowing into basins which may have been clos~d, at
least at times. The relief at the time was moderate, and the streams
were probably about as short as present streams in the region, and
flowed at relatively gentle gradients. The lowermost beds contain
considerable tuffaceous material and are interbedded with thin lenses
of predominantly pumiceous material; these facts indicate thet the
early stages of deposition locally began before the last eruption of
the Sonoma volcanics. These deposits closely resemble the water-
laid deposits within the Sonoma volcanics. The upper part of the
Huichica formation was deposited as an alluvial fill in both Napa
and Sonoma Valleys.

As penetrated by wells in Sonoma Valley and possibly in p~rt of
Napa Valley, the formation contains a thick body of clay ard silt
which may represent lake, swamp, or lagoonal conditions of depo-
sition.

532671 0—60—3
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Lithology—The Huichica formation, like the Glen Ellen forma-
tion, is typically poorly sorted, lenticular, and somewlat crossbedded,
and is predominantly fine grained except at the very bottom. The
basal 200 or 300 feet of the Huichica formation in both Napa and
Sonoma Valleys consists largely of sandy silt, reworl-ed pumice and
tuff, and some primary tuff interbedded with lenses of coarse gravel
or cobbles derived mostly from the andesitic Sonoma volcanics. The
beds of coarse gravel are commonly crossbedded, but those of silt
and tuff are generally regular and even. The basal part of the
deposit is well exposed east of Napa along the south bank of Sarco
Creek at Vichy Avenue and along Atlas Peak Road in sec. 14, T. 6
N, R. 4 W,, and in Sonoma Valley along the Sonoma Highway in
secs. 22, 26, and 27, T. 5 N, R. 5 W.

The upper part of the Huichica formation, 500 feet or more in
thickness, consists of rather compact clay and yellow silt and a few
interbedded lenses of gravel, and some $and. This section is well
exposed along Huichica Creek and along Duhig Road in secs. 1 and
2, T.4 N.,,R. 5 W. The silt is uniformly yellow; the clay is mottled
yellow and blue. Discontinuous lenses of crossbedded gravel occur
throughout. In general, this part of the formation is massive, and
discernible bedding planes are rare.

Except along Huichica Creek, in road cuts, and in a few gullies,
most of the formation is covered with grass, and few exposures of
the underlying material crop out. Where gullied or exposed, the
upper part of the formation is very susceptible to lardslides. There-
fore, it is very difficult to determine the lithology and structure
throughout much of the formation. Logs (table 17) typical of wells
drilled into the upper part of the Huichica formation are those of
5/4-29N2, 5/4-29Q1, 5/4-29Q2, and 5/4-30P1.

Well 4/5-14D2 in Sonoma Valley, drilled to a dep*h of 1,620 feet,
probably penetrates the entire thickness of the Huichica formation.
(See log in table 22.) From 338 to 683 feet the material penetrated
in drilling was very similar to the material exposed along Huichica
Creek in the type area. From 683 to 1,370 feet the material pene-
trated was a nearly uniform clay or sandy silt, mostly blue in color.
Similar material is penetrated in many of the wells in Sonoma Val-
ley, as shown by the logs (table 22) of wells 5/5-8P1, 5/5-17N1, and
5/5-20R1. These blue clays and shales are evidently the buried con-
tinuation of the material which is exposed along the eastern margin
of the valley, and which apparently constitutes a fine-grained facies
of the formation.

Water-bearing properties—As indicated in the foregoing descrip-
tion, the Huichica formation is composed of reworked tuff, silt, clay,
and lenses of boulders or gravel. Of these, the silt end clay are too
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fine grained to yield water readily, and even the lenses of gravel
contain enough fine material to impede the flow of water. No wells
draw large quantities of water from this formation.

In Sonoma Valley and south of the Sonoma Highway be‘ween
Napa and Sonoma Valleys, wells drilled intq the upper part of the
Huichica formation have low yields, and some do not yield suficient
water for minimum domestic needs. These wells all penetrate a
thick section of clay or silt and a variable amount of clay and
gravel. Well 4/5-14D2, which draws water from material be‘ween
260 and 620 feet, probably is drilled in the lower part of the older
alluvium and the Huichica formation. The well was reported to
yield 395 gpm with a drawdown of 140 feet. This gives a specific
capacity of less than 3 gpm per foot, which is rather small.

Wells in the Sarco-Milliken Creeks area drilled only in the basal
part of the Huichica formation generally yield less than 20 gpm,
according to the reports of well drillers. The flowing well~ and
wells of large yield in the Sarco-Milliken Creeks area that st~vt in
the basal part of the Huichica formation are drilled through the
Huichica formation and obtain most of their water from the vwnder-
lying Sonoma volcanics. This is true also of the flowing wells along
the east side of Sonoma Valley.

East of Napa the Huichica formation crops out along both sides
of Milliken Creek, but nearly all the wells drilled in this area draw
water from the tuffs of the underlying Sonoma volcanics. Howvever,
wells 6/4-23F1 and 6/4-23Q1, which do draw water from the Hui-
chica formation, pump less than 20 gpm. Well 6/4-23F1 w~s re-
ported to have been pumped “dry” in October 1949.

West of Napa, south of the Sonoma Highway and east of the
Napa-Sonoma County line, in an area locally called the Cavneros
area, wells drilled into the Huichica formation generally yield 5
gpm or less. The yields of some wells in this area are inadequate
for minimum household needs, and some families must haul water
during the summer and fall for drinking and washing. For exemple,
static levels before pumping are in many places at or near the land
surface, but after only a few hundred gallons is pumped the water
level may be 70 or 80 feet below the land surface, and 24 hours may
be required for the water level to recover to 20 feet below the surface.

OLDER ALLUVIUM

Definition and age—The older alluvium of Napa and Sonoma Val-
leys is composed of lenticular deposits of unconsolidated and poorly
sorted clay, silt, sand, and gravel. Where the alluvium is exposed,
claypan or hardpan soil characteristically has developed on the sur-
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face. The beds are undeformed. As interpreted from drillers’ logs
the older alluvium reaches a thickness of at least 50C feet in Napa
Valley, but the maximum is not known. It thins to a featheredge at
the margins of the valley. The older alluvium generally overlies the
Glen Ellen and Huichica formations, and in a few areas it overlies
the Sonoma volcanics or older formations. It underlies the younger
alluvium of Recent age. The older alluvium include~ parts of the
Montezuma formation as mapped by Weaver (1949) and possibly
other deposits that may be the equivalent of the Mer+itt and Posey
formations of San Francisco Bay as described by Tras and Rolston
(1951).

Many of the water wells in Napa Valley start in the older alluvium
or penetrate older alluvium at shallow depths. However, most logs
of these wells are not sufficiently detailed to permit a precise dif-
ferentiation of the younger alluvium, older alluvium, and Huichica
formation. Nevertheless, these logs suggest that the older alluvium
generally consists of yellow clay and gravel, and the Huichica or
Glen Ellen formations are predominantly yellow and blue clay. It
is not always possible to identify the contact between the older
alluvium and the underlying formations.

Although the older alluvium is undeformed, it is s»parated from
the overlying Recent alluvium by an erosional unconformity, and,
therefore, is considered late Pleistocene in age.

Distribution—In Sonoma Valley the older alluvium lies at the
surface on most of the low alluvial plain, except along the flood
channel of Sonoma Creek. However, exposures are concealed in
most places by soil and grasses. The best exposures are in the chan-
nels of the tributary creeks along the east side of Sonoma Creek.
Because the older alluvium is free of flooding and is good land, the
town of Sonoma, most-of the surrounding suburbar development,
and the smaller ranches are built on this formation. In Napa Valley
the older alluvium occurs mainly in the area of the alluvial plain,
where it is largely covered by a thin veneer of younger alluvium.
At the southern end of the valley, in the vicinity of Napa, numerous
scattered and discontinuous bodies of older alluviur occur along
the margins of the valley or as windows within the area of younger
alluvium. The town of Yountville is built on a smal’ area of older
alluvium. Several other small hills of older alluvium occur in Napa
Valley between Yountville and Calistoga.

The older alluvium is well exposed in Napa Valley, the best ex-
posures being along the Napa River. Deposits of redcish clay, sand,
and gravel crop out in the river channel for several miles north of a
point about half a mile north of Trancas Road. A section of yellow
silt or clay is exposed in the Napa River channel between Trancas
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Road and Oak Knoll Avenue; and north of Oak Knoll Avenue a
sequence of alternating beds of yellow silt, sand, and gravel is ex-
posed. About half a mile north of Oak Knoll Avenue, the Napa
River has exposed yellow hard clay or silt. Similar depos'ts are
less well exposed in the bluff along the Silverado Trail east and
northeast of Napa and in road cuts along Hardman Avenue east of
the Silverado Trail between Milliken and Soda Creeks.

Mode of origin.—The older alluvium is composed of stream-chan-
nel and alluvial-fan material deposited in Napa and Sonoma Valleys
after the deposition of the Huichica and Glen Ellen formations and
after the Pleistocene deformation that folded these formations. Con-
siderable evidence indicates that along the California coast tho rela-
tive position of sea level fluctuated several times during tlo late
Pleistocene. Undoubtedly each of these fluctuations caused s read-
justment of drainage in Napa and Sonoma Valleys, which in turn
resulted in either an episode of downcutting or one of backfilling.
Therefore, the older alluvium probably includes deposits formed in
several cycles of erosion and deposition, though these deposits cannot
be differentiated in this area.

Lithology—In Napa and Sonoma Valleys the older alluvium
where exposed at the surface is predominantly reddish-brown cross-
bedded poorly sorted clay and silt, and some lenses of sand and of
gravel. The material is unconsolidated but somewhat compacted,
and some of the lenses of gravel are cemented. The sand and gravel
fragments are composed mainly of andesitic debris, but they include
a few pebbles of chert from the Franciscan group and other non-
volcanic rocks. Included also are a few seams of black sand com-
posed of andesitic debris but coated with a manganese stain. No
tuff is known to occur in the older alluvium. In Napa Valley a
piece of an incompletely carbonized redwood log was found in place.
Some of the lenses of sand and gravel and of clay and gravel are
as much as 10 feet thick and extend laterally for many tens of feet.
Also, according to well logs, thick beds of yellow or gray hard silt
and clay are common and form a large part of the older sluvial
deposits.

Logs of wells in Napa Valley that start in, and probably peretrate,
the older alluvium for most of their depth are 6/4-15Q3, 6/4-27C2,
6/4-27M1, 6/4-27N1, 6/4-28F1, 6/4-28K2, 6/4-28Q1, 6/4-30C1, and
6/4-84D2 (table 17). These logs show alternating beds of cly and
gravel. However, most of the material logged as gravel contains
some clay.

In Sonoma Valley the older alluvium underlies a larger ar~a, but
is thinner and not so well exposed in section as in Napa Valley.
Typical logs of water wells that start in the older alluvium of
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Sonoma Valley are 5/5-8P1, 5/5-9N2, 5/5-16E1, §/5-17B1, 5/5-
17C4, 5/5-17J1, 5/5-17N1, 5/5-17R2, 5/5-18K1, and 5/5-21R1.
Most of the wells pass through the older alluvium and enter the
clay of the Huichica or the Glen Ellen formation at relatively
shallow depth.

Water-bearing properties—Most of the wells in the older alluvium
are less than 200 feet deep and penetrate some lenses of gravel or
clay and gravel. The yield of these wells is proportional to the
quantity of gravel or clay and gravel penetrated beneath the water
table and ranges from almost nothing to more than 400 gpm. Much
of the material in the older alluvium is so fine grained that wells
producing more than 50 gpm are rare. Even the raterial logged
as gravel is rather poorly sorted, is generally mixed with variable
amounts of clay, and is sometimes slightly cemented and compacted,
so that it yields only moderate amounts of water. However, nearly
all wells drilled through more than 100 feet of older alluvium pene-
trates enough sand and gravel to yield sufficient water for domestic
needs. In parts of both Napa and Sonoma Valleys the older alluvium
is thin. Some wells that start in the older alluvium penetrate non-
water-bearing material beneath it and do not produce sufficient water
for even domestic needs. Nevertheless, the outcrom area of the
older alluvium is generally well suited for homesites and agri-
culture. Therefore, the number of wells in the olcer alluvium is
large, and it is one of the principal sources of water in both Napa
and Sonoma Valleys.

TERRACE DEPOSITS AND OLDER ALLUVIAL FANS

Terrace deposits include numerous isolated bodies of unconsoli-
dated clay, sand, gravel, and cobbles that cap hilltons and benches
or border the base of steep hills and mountain slones. All these
bodies are thin, of small extent, and locally conceal th~ older forma-
tions on which they lie unconformably. Some ar> remnants of
former river-channel or flood-plain deposits, some may be marine
terrace deposits, and some are older alluvial-fan ceposits. They
occur at several altitudes above present sea level and present stream
grades. They range in thickness from 0 to 10 or 15 feet, except for
the alluvial fans which may be considerably thicker. No fossils have
been found in these deposits, but their stratigraphic position indi-
cates an age from late Pleistocene to Recent. They may be equivalent
in part to the older alluvium.

These deposits are unconsolidated and in most places contain a
large proportion of sand and gravel. They are mainly non-water-
bearing, however, because generally they are thin and occur above
the water table. Where these deposits overlie the Huichica or the
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Glen Ellen formation, the coarse gravel of the terrace deposit easily
may be mistaken for gravel interbedded with the underlying forma-
tions, and a false impression of the water-bearing character .of the
underlying formations may be inferred. Because these deposits are
mainly non-water-bearing they have been mapped only where they
are relatively thick, or where they obscure the nature of the under-
lying formations.
YOUNGER ALLUVIUM

Definition and age.—The younger alluvium consists of interbedded
unconsolidated gravel, sand, silt, clay, and peat. It underlies the
flood plains and channels of the Napa River, Sonoma Creek, their
tributaries, low alluvial fans or plains graded to these streams. and
the tidal marshlands. It comprises channel, flood-plain, alluvial-fan,
and salt-marsh deposits.

These deposits overlie or overlap all other formations in Nap and
Sonoma Valleys. They were deposited by the streams much as we
see them today in valleys cut by streams graded to a lower po-ition
of sea level thought to correspond with a late Pleistocene glacial
stage (Upson, 1949; Louderback, 1951). Hence, the younger allu-
vium may be in part late Pleistocene, but for the most part it is con-
sidered to be Recent because deposition is continuing.

Distribution—The younger alluvium occurs along the channel of
Sonoma Creek as a long, narrow strip in most places less than s mile
wide. This strip comprises the channel and flood-plain depos‘ts of
Sonoma Creek and the low alluvial fans of the tributary creeks. No
large or extensive alluvial fans have developed or are being fcvmed
in Sonoma Valley at present. Similar channel and flood-plain de-
posits occur along the channel of the Napa River. However, many
of the tributary streams are forming alluvial fans of low slope. These
fans are well developed where Napa, Dry, and Sulphur Creeks and
other smaller creeks enter the floor of Napa Valley. They rest on
and partly conceal the older alluvium. Therefore, except for inliers
of older alluvium, the plain of Napa Valley is underlain by the
younger alluvium. Recent alluvial deposits occur also in the tidal
marshland bordering San Pablo Bay (pl. 2).

Mode of origin—The younger alluvial plain north of San Pablo
Bay is being extended by the accumulation of fine-grained debris
which is carried into the bay by the Napa River and Sonoma Creek.
The flood plains in Napa and Sonema Valleys also are accumulating
debris though not so noticeably. The channels of both the Napa
River and Sonoma Creek locally are cut into the underlying older
alluvium and on casual inspection these streams appear to be ac‘ively
downcutting their channels, but they may not be. Every winter and
spring large quantities of water discharge down these channel~ and
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in places overflow the banks, and every few years the volume of
water has been enough to flood large areas. During these floods
appreciable quantities of clay, silt, and gravel are deposited on the
alluvial plain. Consequently, these rivers are aggrading, even though
their channels may cut into underlying materials.

Alluvial fans of low slope are deposited by streams where they
emerge from confined channels of hard rock and enter the main part
of Napa and Sonoma Valleys. There the channels widen, the velocity
of the water decreases, and the streams deposit some of their load.
Over a period of time the channels fill up with debris, and eventually
the streams spill out of the old channels and form new channels
which also eventually fill up, and the process is repeated. Over a
short period of time some parts of the alluvial far receive little
debris, but over an extended period all parts of the fan receive some
debris. The process in Napa and Sonoma Valleys is not so readily
apparent as in arid regions.

In Sonoma Valley the Recent alluvial fans are small and are con-
fined to the lowest parts of the tributary stream courses adjacent to
the flood plain of Sonoma Creek. Most fans of streams tributary
to Napa Creek are small, but the extent of the alluvial fans of Napa,
Dry, and Sulphur Creeks and a few others is large.

North of Napa the channel of Napa River is confined to the east
side of the valley by the Recent alluvial fans of I'~y and Napa
Creeks. The present channel of Dry Creek is along the north edge
of its alluvial fan and the creek is currently extending its fan in that
direction.

Lithology.—The channel deposits of the Napa F‘ver, Sonoma
Creek, and their tributaries consist almost entirely of well-sorted
gravel and sand and some silt, tin cans, broken glass, and old auto-
mobile bodies. The flood-plain deposits consist predominantly of
silt and sand interbedded with the gravel of channel deposits of the
streams. These materials are well exposed along the banks of the
Napa River and Sonoma Creek.

The alluvial fans consist of poorly sorted coarse gravel, sand, silt,
and clay. This material is nowhere well exposed in sxction, and, as
described in drillers’ logs of water wells, it is indistinguishable from
the older alluvium. However, for most of the area the younger allu-
vium probably is less than 30 feet thick. The deposits of the tidal
sloughs and San Pablo Bay consist of fine sand, silt, and clay or mud,
interbedded with large amounts of organic material. This type of
material was penetrated in well 4/5-14D2 from the surface to 49
feet, and, though logs are not available, it also was revortedly pene-
trated in wells 3/4-3P2, 3/4-6J1, and 4/4-32R1 to depths of 100 to
120 feet.
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Water-bearing properties—Because the younger alluvium i< com-
posed of a large percentage of loose sand and gravel, it yields water
freely to wells wherever a sufficient thickness of material occurs be-
neath the water table. Most of the best irrigation wells, sch as
5/4-8H1, 5/6-13K1, and 6/4-17A1, obtain water from these deposits.
Throughout a large part of Napa and Sonoma Valleys, however, the
younger alluvium is only a thin veneer covering the older allwium.
In these areas, many wells penetrate the full thickness of the younger
alluvium and derive water also from one or another of the under-
lying formations.

GEOLOGIC HISTORY

In Napa and Sonoma Valleys the decipherable geologic history
begins in the Jurassic. The Jurassic to Miocene history of the Cali-
fornia Coast Ranges in Napa and Sonoma Valleys does not bear a
direct relation to the present ground-water bodies and the existing
hydrologic problems, and is therefore summarized only briefly. This
summary has been drawn from more complete accounts, prin-~ipally
by Reed (1933), Taliaferro (1943a, b), Weaver (1949), and Foward
(1951). The geologic history from the Pliocene to Recent is directly
related to the occurrence, source, and movement of most of the usable
ground water in Napa and Sonoma Valleys and is therefore covered
more fully.

In late Jurassic(?) time, detritus from a western source accumu-
lated in a shallow geosynclinal sea, which covered the area nov occu-
pied by Napa and Sonoma Valleys, to become the sedimentary and
metamorphic rocks of the Franciscan group, or the Franciscan-Knox-
ville group of Taliaferro. During and after the deposition of these
sediments they were extensively intruded and locally covered by
ultrabasic igneous rocks in the form of dikes, sills, and flovs now
wholly serpentinized. Throughout the Coast Ranges the Jurassie
eroded with uplift and local warping, but the geosyncline was not
destroyed.

During the Cretaceous period, fine-grained detritus accumul-ted in
the same depression. These sediments became the Shasta series and
Chico formation. Deposition was brought to a close near the end of
the period by folding and uplift accompanying a minor orogrny.

In early Tertiary time the sea again invaded the area of Napa and
Sonoma Valleys and mud, silt, and sand were deposited. During
this time there were several transgressions and regressions of the
sea, and some minor deformation, which separated the sedimerts into
distinct lithologic groups now recognized as the Capay, Dom-ngine,
Markley, San Ramon, Monterey, Briones, Cierbo, and Neroly forma-
tions (Weaver, 1949).
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The material that formed these early rocks was derived largely
from the Sierra Nevada to the east, and, as a result the mineral com-
position of the detritus at most places, is akin to the sierran rocks
rather than to those of the Coast Ranges. During riddle Miocene
time a weak orogenic movement began a period of uplift in the Coast
Ranges region; by the end of Miocene time a long, low coastal range
had risen west of Napa and Sonoma Valleys. This range greatly
modified the conditions of deposition in succeeding epochs.

The Miocene uplift probably extended into the early Pliocene and
brought about widespread uplift and withdrawal of the sea from
most of the region.

Early and middle Pliocene time was one of relative stability, but
it was brought to a close by the most important episole of mountain
building since the late Jurassic. Movements that accompanied this
episode, which ultimately formed the modern Coast Panges, reached
a climax in the late Pliocene or early Pleistocene (Taliaferro, 1951,
p- 146), and have continued intermittently to the present. Uplift
probably took place at slightly different times in different parts of
the region. Thus, even though erosion of the land surface at any
one place in the northern Coast Ranges began immediately after the
elevation, the resulting sediments deposited in different areas are
not necessarily fully contemporaneous. Also, the exact dating of
the disturbance is open to question because the dating by invertebrate
fossils is not in agreement with that by vertebrate finds (Taliaferro,
1951, p. 142).

In early Pliocene time, some mud and sand of the Petaluma for-
mation may have been deposited in the western part cf Sonoma Val-
ley. Although throughout most of the Pliocene the land in Napa
and Sonoma Valleys was above sea level, the prevail’ng crustal un-
rest was expressed by extensive volcanic activity, and large areas
were covered by many interbedded flows of basalt. andesite, and
rhyolite, and by blankets of pumice and ash. During periods of rela-
tive quiescence, gravel, sand, and clay were deposited on the volcanic
terrane. Also, in small areas, fresh- or brackish-weter lakes were
formed in which large numbers of diatoms grew, their skeletons
ultimately forming beds of diatomite or diatomaceous clay. All these
water-laid deposits were buried by pumice, ash, or fows. The last
extrusions were widespread tuffs and flows of rhyolitic composition.
These volcanic rocks and associated deposits comprise the undif-
ferentiated Sonoma voleanics, the diatomaceous memter, and the St.
Helena rhyolite member.

During the extrusion of the Sonoma voleanics a marine embay-
ment may have extended eastward south of the Sonoma Mountains
and possibly south of the Mayacmas Mountains.
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Late in the Pliocene, and continuing into the early Pleictocene,
the Coast Ranges region was uplifted, folded, and faulted. The
Sonoma voleanics, including the St. Helena rhyolite member, were
folded and faulted into synclinal and anticlinal structures. Napa
and Sonoma Valleys were broadly outlined by the formation of the
ancestral Howell, Mayacmas, and Sonoma Mountains, and coarse
sediments derived from the mountain areas began to accumulate in
the depressions.

This alluvial sand, gravel, and mud, whose deposition continued
into the early Pleistocene in the newly formed Napa and Sonoma
synclinal areas, became the Huichica and Glen Ellen formatiors. The
sediments first deposited were derived largely from the Sonora vol-
canics and hence are composed mainly of volcanic detritus. FP~rts of
these formations are undoubtedly contemporaneous. Some folding
continued during and after the deposition of these beds, as thoy are
noticeably tilted at most places.

This deposition was brought to a close in middle or late Plei-tocene
time by general uplift, and the region was subjected to erosion. Allu-
vial fans, terrace deposits, and cut terraces related to several cycles
of differential movement between the land and sea were formed.
These sediments are the undeformed deposits mapped as older allu-
vium and undifferentiated terrace deposits. Because both land and
sea level moved independently during the Pleistocene, it is impossi-
ble to determine the relationship of these deposits to each o‘her or-
to determine which of the deposits are related to a change in land
level and which are related to a change in sea level.

Late in the Pleistocene, during one of the periods when sea level
was several hundred feet lower than at present, streams cut valleys
thought to be graded to a main river flowing out through the Golden
Gate. A subsequent rise in sea level, thought by Louderback (1951,
p. 88) to have occurred during the third interglacial stage, formed
San Francisco Bay. Whether or not this dating is correct, th~ latest
activity in the region has been continued erosion in most of the land
area, and corresponding deposition of sediments in and immediately
bordering the bay.

GROUND WATER

Except for connate sea water and brackish water from Sar Pablo
Bay, the source of all ground water in Napa and Sonoma Valleys is
precipitation on the alluvial plains and on the adjacent hills and
mountains within the drainage area of each valley. Availalle evi-
dence indicates no movement of underground water between these
valleys or from valleys outside the drainage areas. Ground water
does not move as a stream, nor in defined underground channels, but
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percolates through the pore spaces in the water-bearirg formations
from areas of replenishment toward areas of discharge.

The pore spaces in the rock formations below the water table are
saturated with water. However, different formations ield water to
wells at different rates. The pertinent features of the several forma-
tions in Napa and Sonoma Valleys have been described above. These
features are related to the occurrence and availabili‘y of ground
water, which are discussed in sections below. The total quantity of
water available from a ground-water basin depends more on the
annual recharge and storage capacity than on the rate at which a
given well may produce water. These and other geneval principles
of ground water have been described by Meinzer (192¢+. b) and are
not discussed in detail in this report, but they form the basis for the
evaluation of the ground-water conditions of Napa and Sonoma

Valleys.
NAPA VALLEY

The characteristics of ground-water occurrence and availability in
Napa Valley are sufficiently different in the several formations that
it is desirable to consider the ground water as divided into several
bodies that are for the most part hydrologically distinct. The oc-
currence, source and movement, general quality, and temperature of
ground water are discussed under the following subdivisions: (a)
Water in the younger and older alluvium, (b) water in the Sonoma
volcanics, (¢) water in the Huichica formation, and (d) water in
consolidated marine formations.

WATER IN THE (YOUNGER AND OLDER ALLUVIUM

Occurrence—Ground water in the younger and older alluvium con-
stitutes a continuous body coextensive with these formations in Napa
Valley. This water body extends from San Pablo Bay, on the south,
northward to the edge of the alluvial plain north of Calistoga. Its
extent is indicated by the heavy solid contours on plate 4. Water of
this body occurs also in the minor arms of alluvium that extend up
the stream valleys tributary to Napa Valley, but thes~ do not con-
stitute a major part of the body. The terrace and older alluvial-fan
deposits are thin, are ordinarily above the water table, and are not
a source of water.

The bottom of the water body in most parts of the area is placed
at the base of the younger or older alluvium where it rests on the
Huichica formation, the Sonoma volcanics, or older formations. At
most places these underlying formations are substantially less per-
meable to the vertical movement of water than is the alluvium. How-
ever, at some places the younger or older alluvium rests on the tuffa-
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ceous beds of the Sonoma volcanics, which are relatively permeable.
At such places, the bottom of the water body is actually at the first
impermeable zone in the Sonoma volcanics. The same thing is true
where the younger or older alluvium rests on beds of the Huichica
formation that are more permeable than average.

Most of the water in this body is fresh. However, in the Suscol
area in secs. 26 and 27, T. 5 N., R. 4 W., and in the tidal rarshes
south of Suscol Creek the water is brackish except for a thin gurficial
lens of fresh water. Brackish water occurs in the tidal reach of the
Napa River, extending to Trancas Road a little north of Napa.
Brackish water from this source has apparently entered the shallow
water body locally along this reach. The quality of this water is
discussed more fully in the section on quality of water.

In the younger and older alluvium in Napa Valley the tempera-
ture of water from wells 100 to 150 feet deep is ordinarily 62° or
63°F. The temperature normally fluctuates very little during the
year, being greatest in shallow wells and least in deep wells. The
temperature of water in wells 100 to 150 feet deep is usually con-
stant and approximately equal to the mean annual temperature of
the region. In deeper wells the temperature of the water is normally
a little higher, and increases with depth. The average rate of in-
crease, known as the geothermal gradient, is about 1° to 2°F for each
100 feet of depth.

The water in the younger alluvium and in most of the older allu-
vium is unconfined. There are no continuous impermeab'e beds
within the older alluvium, but much of the lenticular older alluvial
material is sufficiently fine grained that water is semiconfined locally.

Semiconfinement of water in the older alluvium is indiceted by
the following evidence. First, some wells, such as 7/5-231D2 and
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