fo

SN

1o

State of California
The Resources Agency
DEPARTMENT OF WATER RESOURCES

1

/

Gen Mr. & Chief Eng:

Ass't M@l

St. Engnr.

Field Supt.

. Groundwater

Recrestion

Finance Officer

File

Rec'd s;:p 1

Handk Hobwsie sl

COMPILATION OF TECHNICAL INFORMATION .'RECORDS FOR THE

VENTURA COUNTY COOPERATIVE INVESTIGATION

-Prepared by-

VENTURA COUNTY PUBLIC WORKS AGENCY

- Flood Control and Drainage Departiment

As Part of _Its Contribution:




FOREWORD

During the Cooperative Water Resources Management-Investigation
of Ventura County, numerous Technical Information Records were prepared
presenting detailed technical data as each phase of study was completed.
Review was_limited to consideration of technical aspects by the writer's
immediate supervisors. Hence, they are preliminary.

These data are extremély valuable to those who conduct water
resources investigations. The Technical Information Records were, there-
fore, compiled to be distributed to the members of the Technical Coordinating
Committee for the investigation so that they may make full and early use of
the data developed. |

The compilation of the Technical Information Records was divided
into two volumes. VolumefI contains geologic studies and Volume IT contains
hydrologic, operational, and economic studies.

The data are too detailed for wide dissemination. Thus, they will
not be included in Bulletin No. 104-8 that summarizes the Tresults of the

investigation. Finalized data will be kept in the DWR files.

//Mé d/ %ﬁ

ck J. dg;, Chief
Southern District
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INTRODUCTION

The pﬁrpose of this study was to supply updated geologic
and geohydrologic 1hformation for mathematical modeling studies
of water quantity and quality in the Santa C]ara—Ca]]eguas area
of Ventura County. |

Tﬁis report includes: 1) a brief description of the
composition and general water-bearing characteristics of geologic
formations; 2) a diséussion of the effects of various geologic
structures upon the occurrence and mbvement of ground water; and
3) a description of the history of major Qeo]ogic events.

During this,portidn‘of_the investigation, information
developed in numerous previous stddies was reviewed. The area
of investigation has been intensively mapped and studied primarily
because of the large quantities of o0il and gas available here.
In addition, nuﬁerdUs:water ;ésoufces studies have previously
been conducted by Stéte and local agencies. As a result, thfs
portion of the investigation was largely restricted to a review
of available literature. |

The geologic map selected for use in.this study is from
Bulletin 12, "Ventura County Invesfigation". It has been modified

to reflect additional knowledge accumulated since its original

pubiication.



GEOLOGIC FORMATIONS

Geologic formations within the study area consist of
sedimentary and volcanic rocks ranging from upper Cretaceous
to Recent in age. Geologic units and their role in the geo-
hydrology are briefly described in ascending order of geo]ogic
age.

The distribufﬁon and areal extent of formations and their
stratigraphic relationship are shown 6n geologic maps (Plates

1 and 2) and stratigraphic column (Figure 1), respectively.

CRETACEQUS SYSTEM | | ¢

Upper Cretaceous marine formations are exposed in the
Simi Hills and Santa Susana Mountains where they reach a maximum
thickness of 5,500 feet. They are composed mostly of fine- to
coarse-grained arkosic éandstone'which is brown to tan, medium-
bedded to massive, locally cross-bedded and locally calcareous
and well-indurated. Contained within the sandstone are one-inch
to twenty—fodt thick interbeds of gray to black marine-si]tstone,
claystone and shale, with local pebble conglomerate lenses. Areas
which are composed predominantly of sandstone form characteristic
homoclinal strike ridges with very §teep, step Tike, anti-dip
slopes and moderately inclined dip slopes. This rugged distinc-
tive cuesta topography is most impressive in the Simi Hills.

Qutcrops are blocky where well developed joint sets are present. —



The fine-grained section in.Be11 Canyon and the poorly indurated
sandstone member in the Thousand Oaks area erode to gentle slopes
with occasional steep gullies.

Upber Cretécéous rocks are generally nbnwater—bearing.
However, fn tﬁe hiT]s south and east of the Simi Valley, water
wells obtain domesfic'and limited irrigation supplies of good
quality water from.the massive, poor]y.cémented'ahd fractured

sandstones.

PALEQOCENE-EOCENE SERIES

Several formations are included in this series. The
Santa Susana-Martinez formation of Paleocene to midd1e and lower
Eocene age is exposed in the Simi Hills and consists of up to
3,500 feet of 1igﬁt1y colored sandstone, some interbedded shale
and a massive basal conglomerate.

~The upper and lower Llajas formations are exposed 1in
the Simi Hills and are of middle Eocene age. The lower Llajas
formation consiéts ofhabout 2,000 to 3,000 feet of olive drab
and blue shale with miqor interbedded sandstone, and a basal
conglomerate. The ubpér Llajas formation consists of about 2,000
feet of brown to gray micaceous sandstone, siltstone, with some
conglomerate. |

Shales of the Paleocene-Eocene series are generally
well indurated and the sandstones are fairly well cemented._ The
entire series generally forms rugged topography with thin saﬁdy
soiTs; Sandstone beds form particularly massive outcrops and
very rugged topography. Rocks of this series are highly fractured,

faulted and folded.



OLIGOCENE SERIES

In most of the study area the Oligocene series is
cal]ed the Sespe formation; however, in the eastern Santa Clara
River dra1nage area, it has been named the Vasquez formation.

The Sespe formation varies in th1ckness from 1,200 to 7,300 feet
and ranges in age from upper Eocene to lower Miocene. The
Vasquez formation is of Oligocene and lower Miocene age and is up
to 9,000 feet thick with about 4,000 feet of interbedded basaltic
flows near its base.

The Oligocene series consists.of continental 1entiéu1ar
interbedded conglomerates, sandstones and shales. The sandstones
are pbor1y to We11 cemented and generally buff to gray in color.

The conglomerates generally contaiﬁ granitic, metamorphic, sandstone,
and chert pebbles and cobbles in a matrix of sandstong or siltstone.
The si]tstones and sHa]es.are generally micaceous and red, marbon,
blue, or gray in color. The formations generally weather into red
sandy clay soils, whicﬁ characterize outcrop areas of the series.
Resistant units, particularly in the eastern portion of the County,
form steep rugged slopes, whereas fine-grained and poorly indurated
units are recognized by moderately subdued topography with many
hundreds of feet of local relief.

The 0ligocene series 1is locally water-bearing. Sandstones
in the Simi Valley afea usually yield from 10 to 100 gallons per
minute to wells. One well in the sandstones northwest of Simi
Valley yields up to 700 gallons per minute. Wells deeper than
400 or 500 feet generally obtain brackish water unsuitable for

irrigation.
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MIOCENE SERIES

The Miocene series consists of marine formations and

volcanic rocks.

MARINE FORMATIONS

Sediments deposited under marine conditions include
the Vaqueros, Rincon, Topanga, Modelo, and Santa Margarita
formations.

The Vaqueros forhation of lower Miocene age corsists
of 100 to 1,800 feet of gray to brown marine sandstone and shale.
In the southwestern part of the Santa Monica Mountains this
formation consists of black calcareous shale with minor sandstone
beds. It is included with the Topanga formation on the geologic
map in this report because of extreme geologic complexity.  The
Vagueros formation forms prominent ledges,_ridgé caps and steep
rugged slopes with tens to hundreds of feet of local relief.

| The Rincon formation consists of over 2,000 feet of

dark gray to brown concretionary.shale and is exposed only north
of the Santa Clara River.

The Topanga formation is mapped only in the Santa Monicé
Mountain area. It is possible that it is the equivalent of the
Vaqueros formation. This formation is mostly black or gray shale
in the area southwest of Boney Mountain. It . is composed of sand-
stone, conglomerate and brown shale in the Conejo Va11ey area,
and grades into sandstone and conglomerate in the easternmost

portion of fhe area shown on the geologic map (Plate 2). The
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Topanga formation is closely associated with volcanic rocks.
Sediments of the Topanga formation have an aggregate thickness
of 6,000 to 9,000 feet, while the intercalated volcanic rocks
:have a maximum aggregate thickness of about 13,000 feet. The
Topanga formation is unconformably ove}1a1n by the Modelo sand-
stone and shale. The Topanga formation forms valleys and rounded
hills with very steep rugged slopes tens to hundreds of feet in
local relijef.

The Mode]o‘formation is of variable Tithology, but
has been subdivided into sandstone and .shale by Kew (1924). This
subdivision was followed during preparation of Plates 1 and 2.

The thickness of the Modelo forﬁation reaches 6,500 feet. The

h

sandstones of the formation are generally 11ght gray to tan, fine
to medium grained, and contain interbedded clayey shales, and con-
glomerates. The shales of the Modelo formation generally consist .
of Taminated diatomaceous and cherty and clayey shales with minor
interbedded sandstones and cong}omerates. Ridges and peaks are
developed where the sandstones outcrop. Shale and si]tstqne
commonly form hills with rolling crests and moderately steep to
gentle slopes. Areas underlain by dense siliceous shale develop
numerous resistant ridges and steep-sided canyons with substantial
amounts of local relief.

The Santa Margarita formation includes up to 2,000 feet
of tan, silty, diatomaceous shales and sandstones of uppermost
Miocene age exposed in the Simi Hills and Santa Susana Mountains.
In the Tierra Rejada area, this formation consists of 300 to 1,000

feet of conglomerate and sandstone with rounded pebbles and sand



grains composed mainly of dark volcanic rocks, interbedded with

bentonitic clay, silt and tuff. The Santa Margarita formation

“locally contains marine fossils. These volcanic sandstones

and conglomerates constitute the principal aquifer system in

the Tierra Rejada Basin.

VOLCANIC ROCKS

Volcanic rocks, mostly of Miocene age and c]osé]y
associated with the Topanga formation occur in the Santa Monica
Mountains. These are collectively named the Conejo Volcanics
and consist of up to 13,000 feet of pyroclastic rocks and basaltic
flows. The pyroclastic rocks include agglomerates, mud flows and
rhyolitic récks. Fossiliferous marine shales, sandstones and con-
glomerates are interbedded with volcanic flows from place to
place. Andesitic and basaltic dikes, sills and p1ug§ intrude
volcanic agglomerates and flows and the associated Topanga sedj-
ments. The volcanic -rocks are highfy faulted and fractured and
moderately folded. They generally form rugged terrain with
steep, rough slopes, and V-shaped canyons which exhibit hundreds to
thousands of feet of local relief.

- Most of the Miocene marine formations are essentially
nonwater-bearing. However, Miocene marine formations and |
volcanic rocks in the Santa Monica Mountains constitute impor-
tant water-bearing formations for domestic, stock and limited
irrigation uses. The yfg]d of water from wells ranges from zero

to several hundred gallons per minute. Ground water derived



from the Santa Margarita formation and volcanic rocks is generally
'of-magnesium-ca1cium bicarbonate character and of acceptable

quality for most beneficial uses.

Formations of P]iocene‘age 1nc1ude the Pico'aﬁd Saugus.
The Pico formation consists of marine gray sandstone, blue gray
shale and ]enticu]ar conglomerate.” These materials weather to a
dull brown sj1ty clay soil. Landslides are common where these
formations»are pfominent.' The Pico formation is generally con-
formable with underlying and overlying formations in the study
area exéept in the Las Posas Valley. It'variés in thickness from

12,000 feet in the Ventura area to zero in the eastern part of

<

Las Posas Valley. 1In the Ventufa area, the Modelo, Pico and
Santa Barbara formations are conformable and interfinger.

The contact between the Pico and Saugus formations in
the Saugus-Castaic area of Los Angeles County transgresses time
so that the lower part of the Saugus formation near the town of
Saugus 1s the age equivalent of the upper portion of the Pico
formation to the west. The Saugus formation consists of up to
2,506 feet of non-marine brown sand, sl1ightly cemented gravel and
gray or tan clay.

The Pico formation generally forms rounded, subdued
topography with locally steep cliffs and landslide topography.
The Pico formation is generally nonwater-bearing or yields highly

saline water to wells. Some water wells in the Los Angeles County =



portion of the Santa Clara River drainage area obtain

water from the permeab]é sands and grave1s of the Saugus formation.
Surface water from Pliocene formations is generally a

sodium sulfate type with a total dissolved solids concentration of

from 400 to over 2,000'm11119rams per liter.

LOWER PLEISTOCENE SERTES

The Santa Barbara and San Pedro formations of the lower
Pleistocene series form some of the most important water-

bearing units in Ventura County.

"SANTA BARBARA FORMATION

The Santa Barbara formation was deposited during upper
Pliocene and lower P]eistocené time. ‘The thickness and 11fho1ogy
of the formation varies‘cohsiderab1y,from place to place from
about 4,000 feet of mudstone, shale, and minor sandstone near
the C1ty of Ventura to about 800 feet of sand and minor c]ay in
the southern port1on of the Oxnard Plain. Most of the c]ays:
and shales are blue in color when fresh, and contain plant reméins
and foraminferal fauna. The Slight]yAcémented buff po]ored“
gravels and sands on Oak Ridge referred to in Bulletin 12 as the
Grimes‘Canyon member of the Santa Barbara formation extend south-
westward undeh much of the Las Posas Valley and into Pleasant
Valley where they become mostly fine to medium sand. The foramini-
fera found in the Santa Barbara formation in the Hall Canyon area
indicate deposition at depths ranging from 125 to 900 feet below
sea level, while the lithology of the Grimes Canyon member near
Grimes Canyon indicates beach or littoral conditions of deposi-

tion. The 1ithology and fossils indicate that the present area

-9 -



of the Santa Clara River Valley was under quite deep water ' .%f
during deposition of sediments which form the Santa Barbara
formation. At this time, a fluctuating shoreline extended from
‘near the Santa Monica Mountains through Moorpark and eastward
through the Tapo Canyon area resulting in deposition of coarse
grained materials at these locations. The -northerly extension
of the ancient shoreline is now concealed by structure or
destroyed by erosion. |

The Santa Barbara formation genera11y forms low
rounded hills; however, locally, sfeep—sided canyons and gullies
with tens to hundreds of feet of re]ief are found.

The Santa Barbara formation is of low permeab111ty or

contains water of poor quality in the Santa Clara River area

and most of the Oxnard Plain Basin. In the Las Posas area and
most of Pleasant Va]]ey, the Grimes Canyon member contains fresh
water of good quality. Exceptions include localized areas

where water in basal sands or gravels does not have adequate cir-

culation.

- SAN PEDRO FORMATION

The San Pedro foérmation is of>1ower Pleistocene age
and was deposited Unger marine and continental environments.
North of the Santa Clara River it interfingers with the Santa
Barbara formation, while south of thé Santa Clara Rivér it
generally overlies the Santa Barbara formation unconformably.

In the Oxnard Plain-Pleasant Valley areas available 041 well

lTogs indicate a conformable contact. The San Pedro formation O



consists of up to 4,000 feet of marine and continental clays,
silts, sands and gréye]s.‘,North of the Santa Clara River the
San Pedrb formqtion consists of extremely lenticular beds with
many scour and f111_$fructufes. The base of the formation in
this area contains éBundant marine fossils, but from near the
midd]e,of_the fofmation to the top, marine fossils are rare.
except near the City of Ventura. The Fox Canyon member is a
promineﬁt sand ahd Qrave] zone of.about 300 feet in thickness
containing marine fossils. The Fox Canyon member %s found at
or near the base of the San Pedro formation and can be traced
on the surface and in well logs throughout most of the Las
Posas, Pleasant Valley and Oxnard Plain Basins. During the
deposition of the San Pedro formation, the Oxnard Plain was
mostly submerged to depths of about 125 feet and was fi]]ed by
deposition from the ancient Santa Clara River. At the same
time, the Saﬁta.C1ard River Valley was subsiding at a rapid
rate, resulting in a thickness of Tower Pleistocene sediments
which is now greater'here than anywhere else in Ventura County.
As the basin filled with sediments the shoreline moved westward,
and some of the San Pedro formation is, therefore, of continental
origin. Nearly all of the lower San Pedro formation in the
Las Posas and Oxnard Plain areas was deposited in shallow water,
probably partially in 1agoons; |

On the Oxnard Plain, lenticular Tayers of silt, sand
and gravel in the upper part of San Pedro formation are known

as the Hueneme aquifer. The Hueneme aquifer is present over



the northerly portfon of the Oxnard Plain and in parts of Pleasant P
Valley. On the Oxnard Plain all of this unit has been removed by
erosion generally south of Etting and Hueneme Roads. The total
thickness of the Hueneme zone rariges from zero to about 1,150
feet at ﬁhe deepest point of the Las Posas synclirne.
| The San Pedro formation form$ rounded hills and local

steep-sided canyons with tens to hundreds of feet of relief.

The San Pedro formation yields water to we]1§ in the
Santa Clara River Valley, Las Posas Valley, Oxnard Plain and Pleasant
Valley. As‘far as 1s now known, all water in the San Pedro gravels
and sands is of acceptable quality except that below about 4,000
feet in the Santa Clara River drea, Where some electric logs
indicate that the water may be brackish and in the South Las Posas
Basin in the vicinity of Arroyo Simi near Moorpark. ‘ {:

SurfaceAwater runoff from the San Pedro Formation is generally
of fair to good quality. A |

UPPER PLEISTOCENE SERIES

Sedimenfs of upper Pleistocene age include clays, silts,
sands and gravels yourger than the San Pedro formatigi. In general,
they are undisturbed or gently folded in contrast to the uriderlying
folded San Pedro and older formations. Along Foothf11 Road in
Ventura, terrace deposits and fanglomerates of upper Pleistocene
age rest on the San Pedro formation with angular unconformity.

These deposits consist of fluviatile silty sands, gravels and
boulders'which are gently tilted and attain a thickness of 300

feet or less.

In the Mound basin, the thickness ranges from 400 feet

n

in the east to about 700 feet along the coast. These beds have



been downfolded gently along an~deeﬁ“sync1ina1 axis. There is

a pronounced two-fold division of these deposits: . (1) an upper
tight clayey zone 200 to 400 feet thick, and (2) a lower sand

and gravel zone which is from 100 to 300 feet thick... The basal
coarse zone reaches a maximum thickneés just north of the Santa
Clara River. These coarse basal materials represent a distinct
phase of deposition by the Santa Clara River which was apparently ..
very widespread. On the Oxnard Plain the Mugu aquifer represents -
part of the same deposition (J. F. Mann, Jdr., 1959). 1In the

coastal area of the Oxnard Plain, this upper Pleistocene unit .
consists of marine blue clay, silt, sand and gravel, and is un-
conformab1y separated from the oVer]ying Recent alluvium and the
underlying San Pedro formatioh. quaternary terrace deposits in the
Las Posas Valley and Camarillo Hills may be age correlative to. -
other upper Pleistocene units. These deposits are generally un-
consolidated and podr1y sorted silts, sands, gravels and,bod]der$.~@'
The upper P]eistocene sediments in the Santa Clara River Valley:

are not differentiated from the Recent alluvial sediments.

On the Oxnard Plain, the basal pervious upper Pleistocene
member or Mugu aquifer yields water of good quality to wells., The,
Mugu aquifer is usually separated from the overlying. Oxnard aquifer
by an aqdic]ude,_ranging in. thickness from 10 to.about 100 feet.
Exceptions are found in the Oxpard Plain Forebay. and.unconfined portions
near Point Mugu where these aquifers mekge. The terrace deposits
in Las Posas are generally above the ground watef table and do not
supply water to wells; however, these outcrops may be areas of ground

water replenishment to upper Pleistocene aquifers.

- 13.’.



RECENT SERIES . :7i. .. .- S ¢

The Recent sediments consfst of clay, silt, sand and
gravel of fluviatile origin in most of the study area. In the
coastal area they'consist’primari]y‘bf deltaic and lagoonal--
deposits and dune sand: On the Oxnard Plain, Recent sediments
unconformab]y overlie upper Pleistocene deposits. Here their
thickness varies from less than 200 feet to about 300 feet. The
lower part COnéists of highly pervious coarse sands and gravels
intercalated with clay layers and is named fhe Oxnard aquifer.
Overlying the Oxnard aquifer aré Tow permeability materials
consisting mainly of clay and silt which are collectively called
the "clay cap". The thickness of the "clay cap" ranges from
zero feet in the Forgbays to more than 160 feet in other parts
of the coastal plain. From ground surface to depths of about
80 feet Tenticular Tayers of sand and gravel are present. These
are referred to das the "semiperched” and/or “perched zones“.

In the Santa Clara River Valley, undifferentiated fluviatile
sediments consisting of clay, silt, sand and gravel of Recent
and upper Pleistocene age unconformably overlie the San Pedro
and older formations. The thickness ranges from zero to 700 feet.

Recent alluvium and fan deposits also occur along streams

and valleys in the rest of the study area.\ Their aggregate

thickness ranges from'a few feet to about 200 feet.

- 14 -
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GEOLOGIC STRUCTURES

Ventura Cbunty is located in two geomorphic provinces
of distinct structural characteristics. The portion of the
County north of the Santa Ynez fault is in the Southern Coast
Range Province, and structural features have a general northwest-
southeast trend. The portion south of this fau]t is included
in the Transverse Range Province wh1ch is character1zed by east-
west structural trends. Although surface funoff is eontributed
by the Southern Coast Range Province, the area of geologic studies -
lTies entirely wifhin the Transverse Range Geomokphic Province.
Geologic structures.discussed in this section are
and movement of ground ‘water in the study area. ‘ These cons1st
of faults and folds-which have affected water-bearing materials
because of relatively Recent activity. Described geo]ogic

Structures are shown on Plates 1 and 2. -

FAULTS
Some faults are known to have a barrier effect on
ground water movement on the basis of water level differential
across faults. Other faults act as avenues of escape for deep-
seated waters as indicated by the poor or unusual quality of

ground water or the occurrence of springs near fault zones.



Although faults in the area have a general east-west trend,
individual faults and zones vary considerably in direction along
their strike. Major faults are briefly described in 6rder as they

occur from north to south.

SAN CAYETANO FAULT ZONE

The San Cayetano fault zone is located north of the
S&nta Clara River and has a genera],east-wegt trend which can
be traced from 0jai Valley to near the Los Angeles-Ventura
County line. The fault is a north-dipping thrust with a known
Tow dip of about 20 degrees near Fillmore, increasing to about
60 degrees'norfh of Santa Paula. The fault actually consists of
two or more branches. Nonwater-bearing formations have béen
thrust over the San Pedro forhation a]ong the San Cayeténo fault SN
northeast of Fillmore. North of Santa Paula, Eocene sediments
have been thrust over Pliocene sediments. Maximum dip-slip

~displacement has been postulated to reach 20,000 feet.

OAK RIDGE FAULT

This major fault extends along the south edge of the
Santa Clara River Valley from the océan west of Montalvo to a
point about two miles southeast of Piru where it turns southward
into Oak Ridge and may be cut off by the Santa Susana fault.
The Oak'Ridge fault has.been penetrated by several oil wells
in the Saticoy 0il Field and water wells 1in theAeast part of

the City of Ventura. Here.it has been found that the fault dips



southward about 60 to 70 degrees. The fault is a left-lateral
and reverse fault, therefore, the south side of the fault has
been thrust over the north side. Geologically Recent movement

is probable along portions of the trace.

McGRATH FAULT

The McGrath fault is a branch of the Oak Ridge fault
and.is a left-lateral reverse fault with a dip tovthe south of
about 70 degrees. The féu1t is located about two miles south 6f
the Oak Ridge fau]t'along the coast and is related iﬁ origin to

the Montalvo anticline.

COUNTRY CLUB FAULT

This fault was originally inferred by geohydrologists
to account for hydrologic discontinuity and wéter level discrepancy
in wells near Saticoy. It is a steeply south dipping reverse féu]t
with an appreciable Teft-lateral disp]acement. The Country Club
fault may be displaced by the Ventura Foothills fault. The
fault acts as a barrier to the flow of ground water with a water

level differential across it of up to 100 feet.

VENTURA FOOTHILLS FAULT

The Ventura Foothills fault (Quick, 1973) is thought
to be a northerly dipping reverse fault; the trace of which is
postulated to be along the south edge of the Ventura Hills. It
has been reported that this fault has a northerly dip of approxi-
mately 60 degrees and has a stratigraphic separation of approxi-

mately 800 feet at the base of the San‘Pedro (Las Posas)'formation.

- 17 -



The presence of this fault is indicated by uplifted, and faulted Y

marine terraces, subsurface records from oil and water wells and

presence of an o0il seep near its suspected location.

SANTA ROSA-SIMI FAULT SYSTEM

This extensive system consists of several branches‘
and extensions. Within Simi Valley, the south side of this fault
system has been generally down dropped relative to the north.
However, along east and west extens1ons of the fau]t the re]ati?e
movement is reverse with the south s1de being up11fted This
suggests that the fault is a hinge or scissor type fault. The
1971 San Fernando earthquake is be]ieved‘to be related to movement

of an easterly extension of this system. It is, therefore, con-

sidered to be active.

SPRINGVILLE FAULT ZONE o | L

This zone is located on the south side of the Camarillo
Hills and consists of two or more parallel faults which may be
dislocated in En echelon type pattern. The fau]t zone dips
steeply to the north, with the north block generally uplifted
relative to the south block. Thelfault zone has displaced the
San Pedro and underlying formations. The reduction of permeability
caused by movement has created a barrier effect with water level
differentials of up Lu 60 feet. This impedes the movement of ground
water from the Camarillo Hills to the Pleasant Valley Basin. It
has not been proven that the Springville Fault Zone affects the

movement of water in the Oxnard aquifer on the Oxnard Plain.

- 18 -
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CAMARILLO FAULT

The Camarillo fault is located along ‘the south side of a

Tow hill in the City of Camarillo. Sediments on the north side
have been ub]iftéd relative to those on the sdbuth. The fault

disp]aceé the San Pedro formation and prdbab]y some of the allu-

vium near the City of.Camarillo. A discontinuity of ground water

levels in the 10Wer aquffer system is apparent across the fault.

In addition, observations indicate that local drawdown.bf pumping
wells does not extend across the fault. Water levels in lenticular
alluvial aquifers appear to be higher on the north sfde of this
fault, suggesting that it may act as a barrier to the southerly
movement of ground water in the alluvium. Based on the above
information, the Cémari1]o‘fag1t is considered to act as a.barrier
to the subsurface movement of ground water and may‘have undergone

geologically Recent movement.

BAILEY FAULT ZONE

The Bailey fault zoﬁé is é northeast-southwésf trending'_
zone which occurs along the northerly edge of the Santa Monica
Mountains from Santa Rosa Valley to and beyond the coastline.
Subsurface data indicates distinct vertical disp]acément along the
fault. Based upon the steep gradient of water levels in the deeper
zone and slight differences 1in quality, especially chloride ion
concentration across the fault, it is thought to act as a definite

barrier to ground water movement.



SYCAMORE CANYON FAULT

The Sycamore Canyon fault and other assoc1ated faults
in the Santa Monica Mountains are about 15 m1]es 1ong and as far
as can be determ1ned have had mostly a vert1ca1 component of

movement &

FOLDS

Fo]ds in the study area consist of anticlines and
synclines mostly trending in an east-west direction. There are
four prominent anticlinal structures including the Topa Topa
Mountains, Oak Ridge-South Mountain, Las Posas;Camarillo Hills,
and Simi Hills-Santa Monica Mountains. Synclinal basins and
grabens occur between these anticlines and form the principal , S (:.
ground water basins of Ventura Ceunty. Folds control physical fea-
tures and the extent of water-bearing materials. They also affect
ground water hydrology to various degrees. The major structural
basins are the: Santa C]era River syncline, Oxnard Plein Basin

Las Posas Basin and Pleasant Valley Basin.

SANTA CLARA VALLEY

| The Santa Clara River syncline extends from the Pacific
Coast up the Santa Clara River into Los Angeles County. The ori-
gin of this syncline is closely related to north-south compressional
forces duriné the Cenozoic era. The water-bearing San Pedro forma-
tion has been folded in the Santa Clara River syncline, resulting

in a water-bearing section up to 9,600 feet deep near Fillmore.

(N

This may be the deepest occurrence of fresh water in the world.



North qf the Santa Clara River Valley the San Pedro formation.
is exposed in the hills extending from the ocean to a location

near Fillmore. Here where permeable beds are exposed it may
receive recharge by rainfall pehetration and stream perco1atioh.
The south flank of the syncline is mostly in contact with
older nonwater-bearing formations across the Oak Ridge Thrust
fault. It is partially covered by Recent alluvial sediments along
the Santa Clara River enabling recharge by stream percolation.
The Mound Bdsinlis the southwest extension of the
Santa Clara Rijver syncline and-]jes roughly between the Patific.
Ocean, Foothill Road, the Country Club fault and ﬁhe Santa Clara
River. The basin is not a simple syncline but rather a series of
up]ifted, complexly faulted and eroded blocks. Based upon addi-
tional we11‘data, the geologic interbretation of the area was re-

~

vised by Quick (1973).

OXNARD PLAIN

Within the Oxnard Plain, lower Pleistocene and older
formations are folded predominantly in a northeast-southwest
direction and are unconformably overlafn by upper Pleistocene
and Recent sediments. |

The Las Posas.synclfne is located in the northwest
part of the Oxnard Plain with an axis which trends from the junc-
tion of West Fifth Street and Harbor Boulevard northeastward
through E1T Rio and into the Las Poéas Valley. The Montalvo
anticline occurs near the Santa Clara River in conjunction with
the McGrath fault. Another unnamed syncline occurs in the south-

east part of the Oxnard Plain trending northeastward from the



‘coastal area between Port Hueneme and Point Mugu to an area south
~of Camarillo. A dome structure appears in.the eastern Pért
Hueneme area near the junction of Hueneme Road and Arnold Road.
Due to this’fo]dihg and eroéiona] unconformity, the Hueneme, Fox
Canyon anlerimes Canyonuaquifers of 1owef Pleistocene agé are
absent or of limited thickness here. Hydraulic continuity
between the Upper and Lower Aquifer Systehs is.eXpectéd in several
areas including the Oxnard Plain Forebay (Monta]vo Basin) and the

vicinity of the Point Mugu Naval Reservation (Mugu Forebay).

LAS POSAS VALLEY

In the Las Posas Valley there are three major synclinal

and two anticlinal structures. The Las Posas syncline is the

lTargest syncline with an axis trending in an east-northeasterly
direction, crossing Los Angé]es Avenue near Price Road. On the
north side of this syncline are the Long Canyon anticline and
Long Canyon syn;line, and on the south side of it are the
Moorpark anticline and Moorpark syncline. Folds in the Lés Posas
Valley strongTy affect the occurrence, movement and quality of
water in principal aquifer zones. The aqdifers are exposed in
certain areas where they are recharged with surface waters and
deeply buried in other areas. Along the south flank of South
Mountain and in Happy Camp Canyon water-bearing zones of the
Lower Aquifer System are extensively exposed allowing replenish-

ment by runoff and precipitation.

(p
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PLEASANT VALLEY

In the north half of Pleasant Valley, north of Camarillo,
the Lower Aquifer System is folded and faulted. In addition, surface
recharge and subsurface inflow are Timited by several fault barriers
and a thiqk clay cap, resulting in a continually expanding pumping
trough within the Lower System in the basin. In the south half of
the Pleasant Valley Basin a synclinal structure is bounded.by the

Camarillo fault on the north and the Bailey fault to the southeast.

- 23 -



GEOLOGIC HISTORY

The study area lies within the VenturaTBasin which

belongs to the Transverse Range Geomorphic Province. This

province is characterized by east-west trending structural features

in contrast to the dominant northwest-southeast structural trend

of California. The Ventura basin lies between the Santa Ynez and

Topa Topa Mountains on the north and the Santa Monica Mountains

and Channel Islands to the south. It contains.several intra-basin

chains of hills and mountains that are generally anticlinal. They

rise from 880 feet above sealleve1 in the Camarillo Hills to as
much as 3,700 feet above sea Tevel in the Santa Susana Mountains.

| Between these mountains and highlands occur sync]iné]
lowlénds such as the O0jai, Santa Clara, Las Posas and Pleasant
Valley Bésins. The westerly ends of South Mountain and the
Camarillo Hills terminate into the flat, alluviated Oxnard Plain
which is the most extensive and ébmp]ex synclinal lowland in the
basin. The western half of the basin is occupied by the Santa
Barbara Channel, an epicontinental area.

Geologic history prior to Tertiary time is obscure
because Pre-Tertiary rocké are not extensively exposed in the
area. During most of Tertiary time the Ventura basin was a broad
east-west trending downfolded belt with gént]e uplift occurring
fo the north and south. The axis or deepest portion of the basin

shifted during Tertiary time.

~
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In Eocene time, the axis was located in the northern
portion of the County. Since Eocene time, much of the northern
portion of the County has been uplifted and eroded as the axis
mdved southward.

In Oligocene time, the axis appears to have been along
the central part of the County. Later in Miocene time, the major
axis was in the Santa Monica Mountains and Channel Islands aYe&
where a great thickness of volcanic rocks and marihe sediments
accumulated.

During Pliocene agd Pleistocene time the major axis
moved to near the central part of the County. Since this last
major shift, the axis has migrated slowly southward so that at
the present time the deepest part of the Ventura basin is coincident

with the axis of the Santa Cléra River syncline. Early and middle

Pliocene time was characterized by a narrowing and deepening of

the Santa Clara River Valley where nearly continuous deposition

of marine clastic sediments occurred. The source of sediments
was prima%i]y the northern mountains which were being rapidly
uplifted, folded and eroded. A maximum of 14,000 feet of Plio-
cene, plus 3,500 feet to 5,000 feet of conformably overlying
mostly marine, lower Pleistocene sand, gravel, c1ay and mudstone
filled the rapidly subsiding basin which was 10 to 15 miles wide
and 60 to 75 miles long. This is one of the thickest known
Pliocene-Pleistocene sections in the world.

The Oxnard Plain-Las Posas basins were partially
separated from the Santa Clara River basin by the Oak Ridge uplift

and also covered by the late Pliocene-early Pleistocene sea.

- 25 -



Thick marine sediments of the Pico, Santa Barbara and San‘Pedro %f
. formations were deposited almost continuously in the subsiding
area of the Oxnard Plain, but unconformably along marginal afeasl

In about mid-Pleistocene time, the basin filling
ceased and the main Coast Range Orogeny began.' The:éffects of
the orogeny were widespread and included intense folding and up-
Tift in all of the older Transverse .Range. Gréat thrust and
steep reverse faults with maximum\disp1acements of 10,000 to more
than 15,000 feet were developed ih the'Ventura Basin and along
its margin. Some marine terraces were raised to elevations of more
than 2,000 feet above the sea. The marginal Santa Ynez-Topa Topa
Mountains, Santa Monica Mountains and the intra-basin highs were
strongly accentuated and severely folded and faulted. In the
study area, numerous steep to gently dipping normal and reverse
faults and folds were developed fn echelon-Tike trends as a result
of intensive norfh-south compressive forces.

The middle Pleistocene Orogeny was followed by fhe last
major glacial age. During this period, sea Jevel dropped several
hundred feet and the folded and faulted lands were eroded into
more rounded hills and mountains. At the end of the major glacial
period, the sea level rose and the coastal basin and‘parts of the
inland valleys were backfilled with shallow, marine and non-marine
clastic sediments of upper Pleistocene age. These materials were
deposited unconformably on the eroded surface of lower P]eistqcene

and older formations.

After deposition of upper Pleistocene formations, sea <
‘ -

level fluctuated and caused changes in the base level of erosion.
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Durihg this period, the Santa Clara River flowed through the
Oxnard Plajn, shifted its course continually and eroded parts
of the upper Pleistocene formations. Thus, the Recent stream
1aﬁen and deltaic sediments were deposited unconfbrmabiy on
upper Pleistocene and older formations. | |
Regional uplift of several hundred feet, accompanied
by subdued fﬁ]ding and considerable faulting, has continued
essentially to.the present time, but probably at a slower pace}
Continued séructuraj activity is indicated by the slightly warped
Mugu aquifer of uppér Pleistocene age, tilted or warped.coasta1
and stream terraces‘(Putnum,,1942), and even by folded alluvium
(Jenning and Troxel, 1954). The elevations of terraces in the,

Ventura basin represent a mixture of the effects of eustatic

" sea level changes and tectonic uplift durihg the last one million

years (Palmer L., 1967).
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INTRODUCTION

The purpbse of this Technicé1’1nf0rmaf%on Record (T.I.R.)
is to document findings of geohydro]ogic séudies‘cbnducted to
define the vef%ical and areal extent of water—Bearingxunits within
ground waﬁer basins of the.Oxnard-Ca]]eguas.area bf Ventura County.
Important ground wétér basins withiﬁ the study akeé include the:
Oxnard Plain Presguré,.Oxnafd Plain Forebay, Pleasant Valley, North
and South Las Posés and Santa Rosa Valley Baéfns ahd the Mugu'un—
confined area. A major portion of this report describes the Oxnard
Plain, -an area of comp]ex; but related mu]tip]é addifer zones.
During fhe initial étageé of the investigation; a]j‘previous studies
of the area pertaining to.ground water resouktés were reviewed. A
list containing repofts utilized during the sfudy appears at the end
of this report as "References Cited". : o

Data tbldetérmine tﬁe extent énd configuration of im-
portant aquifer zones was obtained, primariTy from existingﬂsub-
surface records of wells drilled for water, oil and gas. The’
principal and most reliable sourées of subsurface data were
electrical logs of water and petroleum wells. These records ére
invaluable since they constitute a physical record of formations
penetrated adjacent to the borehole. The availability of these

records allows qualitative determination of subsurface lithology



and water quality. Fortunately, these records are numerous 1n'
the Oxnard-Calleguas area due to the'progressive design techni-
ques employed by some water well dri111ng contractors and
extens1ve subsurface exp]orat1on by petro]eum compan1es More
'than 200 such records were obta1ned w1th1n the area of 1nvest1ga-
t1on, the maJor1ty of wh1ch penetrate or approach the base of

tthe ground water reservo1r .

| . The greatest number of subsurface records are 11tho1og1c
1ogs of mater1als penetrated at the t1me of dr1111ng thh1n the
study area greater than 1,000 of these records were inspected,

many of which.were.se1ected to supp]ement electrical log data.

. During this study, a series of maps and Geologic Sections
depicting various parameters were prepared. Maps depict the verti-
cal and areal boundaries.of aquifer zones and thickness of water-
bearing materials wtthin these zones. The Geo]ogic Sections pro-
vide a visual descriptioh of subsurface re]ationships which occur
from ground surface to the base of the‘ground‘water reservoir.
Location of these sections and basin boundaries are shown in Plate
6. The discussion which follows contains material considered per-
tinent to modeling studies and se]ectioh of an operational plan for
water resources management. A more detailed discussion of geo-

Togic aspects is contained in the Geology report.

O0XNARD PLAIN FOREBAY BASIN (MONTALVO BASIN)

The Oxnard Plain Forebay Basin encompasses an area of

approximately 9.5 square miles and constitutes the principal area

(

(f



of ‘grotund water recharge WwitHin *the ‘Oxnard P1ain® 'Thé areal

extent of Ehe Oxnard Plain ‘Forébay Basin'is shown in“Plate 1.

The prifncipal critéria used for delineation’of ‘the éxtent-of® '4#s

this basin was Tack of 2 Tow permeability confining meénbér+Ffrom s

ground'§deacéitd“tHeT£op“6f'théjiﬁitia1 major aquifer“zone.#

The northwest boundary of the ‘basin is generally contiguous With-"
the north bank of the present Santa Clara River channel. ‘North-""

west of this boundary numerous subsurface records indicate a pre-

dpminance of low permeabi]ity'materials and an absence of the
Oxnard aquifer zone. The northerly limit of the Oxnard Plain
Forebay Bas1n co1nc1des w1th the 1ocat10n of the McGrath fau]t
a branch of -the 0Oak R1dge fault zone. - Rema1n1ng boundar1es are

co1nc1dent with a th1cken1ng of the "clay cap” wh1ch effect1ve1y

conf1nes the Oxnard aquifer zone over most of the Oxnard P1a1n.'v

Within the boundaries of the Oxnard Plain Forebay Basin, artifi-f
c1a1 and natura] ground water recharge is a source of rep]en1sh—.
ment to the Upper and Lower Aquifer Systems.

Geo]ogic_Section C-C' indicates the_genera]izedisubf
surface re]ationships from ground surface to the effective base
of the ground water reservoir wifhin the Oxnard P1a%n Forebay
Basin. Within this basin the Oxnard aquifer zone consists a]most
entirely of permeable sandand gravel. Although the underlying
Mugu aquifer contains a significantly greater percentage of low
permeabf]ity material than the Oxnard zone, the lenticular nature
of these materials allows relatively unfmpededvrep1enishment to

the entire Mugqu aquifer.

R
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A smaller:area within.the basin was- delineated through:

A

which ground,wateruneghargeAocounshtouthe}Huenemeugndxongganyon{;
aquiferezones<offthe"Lower_Aguifen'System (Plete;]), :These zones
were,upwarped and-partia]]y,eroded2prior.to deposition of .the

Mugu aqu1fer,“resu]t1ng in hydrau11c commun1cat1on -to water-_:_“wﬁ
bearing sands ‘and grave]s of the Lower.. Aqu1fer System.. The
relationship between Lower Aquifer Systemvmaterials and overlying

deposits»are §hQth1” Geologic Sections B-B' and C-C'.

'MUGU UNCONFINED AREA

.Th1s unconf1ned area 1s 1ocated at the extreme southerly
port1on of the Oxnard Plain and encompasses an area of approxi-
mate1y 4 square miles. It is bounded by nonwater—bear1ng rocks
of thé Sante Monfoa Mountains to the eest, a thickening of the .
confinfng elay'cao”to the north and west.and the Pacific Ocean | %i
on tne south; ‘It is characterized by absence or minimum thick-
ness'of tne confﬁning clay cap normally present above the Oxnard
aquifer zone. Approximate boundaries are shown in Figure 1. |
Boundaries of this basfn are'tenfative because of inadequate
subsunfaoe‘information and, therefore, they should be modified
as additional date becomes availeb1e. This onconfined area is
similar to the Oxnard Plain Forebay, since both are cnaraoterized
by lack of a s1gn1f1cant clay cap conf1n1ng the Oxnard aquifer zone.
Sea water intrusion now occurs in the Oxnard aquifer zone throughout
the entire Mugu Forebay. Aquifer Section A-A' indicates the general

stratignaphicire1ationsh1ps of a portion of the Mugu Forebay Basin.

cr
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Available data indicates that the Mugu aquifer is
effectivg]y separated from the overlying Oxnard aquifer zone
by a low permeability layer over all but the extreme ndrtherly
portion of the Mugu Forebay. Figure 1 indicates this relation-
ship and a]sd areas of hydraulic continuity of other zones
. within and 1n'the vicinity of the Mugu Forebay. Hydraulic
continuity between the Oxnard aquifer zone and the Mugu aquifer
"within and adjacent to the Mugu Forebay assumes an east-west
e1ongated confjguration which covers an area of about 0.5
square'mi1es. About one mile west of here, the log and Wafer
quality data from well IN/22W-36K4, which is sealed from grouhd
surface to a depth of 380 feet, indicate hydréu]ic continuity
and sea-water intrusion into the Mugu and possibly Lower Aquifer
System. : | . %i

Extensive hydraulic continuity between the Mugu aquifer
and the Fox Canyon aquifer zone is believed to occur in a one-
squaré-hi]e area extending northerly from the Mugu Forebay. Within
this area wells IN/21W-28N2 and 32A1, both completed only in the
Lower Aquifer System, indicate relatively high ch]oridé concentration
of 306 and 193 mfﬁ]%grams per Titer, respectively. If is possible
that sea water is migrating downward in the gravel pack from the‘

Mugu aquifer in well 1IN/21W-28N2 because the seal to 250 feet is
above the base of the Mugu aquifer; Downward leakance through the
gravel pack of well IN/21W-32A1 1is not possible because the well
is sealed to a dépth of 460 feet, whfch is considerably below the

base of the Mugu zone. Smaller areas of hydraulic continuity between

(r

the Mugu aquifer and Lower Aquifer System are believed to exist

about one mile west of the Mugu Forebay.
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Active sea-water intrusion combined with hydraulic continuity
and downward hydraulic gradient, which exist within and adjacent
to the Mugu Forebéy, poses a serious threat to all major aquifer

zones of the Oxnard Plain Basin.

OXNARD PLAIN PRESSURE BASIN
The bases for de11neéting the extent of the Oxnard Plain
Basin are the areal limits of the Oxnard aquifer zone and the Mugu
aquifer. This basin differs from the Oxnard Forebay Basfn_and

Mugu Forebay in that it contains a "clay cap" over the Oxnard

-aquifer zone.

The Oxnard Plain Basin encompasses an area of approximately

- 75.2 square miles and is bounded by the Mound and Oxnard Forebay

Basins to the north, the North Las Posas and Pleasant Valley Basins
to the east, and the Mugu Forebay and nonwater-bearing rocks of
the Santa Monica Mou;tains to the south. Although the Oxnard
aquifer zone extendsmoffshore, the westerly basin boundary is
arbitrarily assigned at the qoast]ihe because this study was con-
fined'to the onshore area. The offshore extent and configuration
of various aquifer zones is contained in a report being prepared
by the United States Geological SurVey in Menlo Park, California.
The Oxnard Plain Basin is a relatively flat alluviated area which
ranges in elevation from sea level to approximately 100 feet. It
is underlain by numerous important aquifer zones, which, in the

center of the basin beneath E1 Rio, extend to depths of greater

than 2,100 feet below sea level (Plate 5).
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‘During early sfages of the investigation, it was deter-

" mined that major water-bearing zones beneath the Oxnard Plain

could be: grouped into three major units on the basis of differing
piezometric levels, water quality and geologic structure. These
are: 1) the semiperched aquifer and clay cap; 2) the Upper Agquifer
System; and 3) the Lower Aquifer System. |

SEMIPERCHED AQUIFER AND CLAY CAP

The semiperched aquifer and clay cap consist\of all

materials above the Oxnard aquifer zone within the Oxnard Plain

Ba;in. The semiperched aquifer'extends from the base of developed

soil horizons to an average depéh of approximate]y 75 feet over
most of the Oxnard Plain Basin. This aquifer consists primarily . %i
of geologically Recent stream-deposited sands and gravels, with
minor silt and clay interbeds. Permeable sand and gravel deposits
are continuous in a direction generally parallel to the presenf
course of the Santa Clara River and lenticular in a perpendicular
direction as indicated on Geologic Sections A-A' and C-C'. Historically,
there have been very few water wells completed within this zone be-

cause of 11h1ted well yield and poor water quality caused by agricul-
fura] return water and evapotranspiration. Recent studies in an

area north of Channel Islands Harbor indicate local occurrence of

ground water of acceptable quality for most beneficial uses (mineral
cohcentration 850 to 950 milligrams per liter) within lower per-
vmeable portions of this zone. The occurrence of acceptable quality

water within this portion of the zone is believed to reflect the ::'



local effectiveness of aquicludes and aquitards within and above
permeable portions of the semiperchea zone! These materials
prevent substantial downward migration of degraded appred and
surface water under present exiraction conditiohs.~ The depth
to water within this zone is normally only several feet below
ground surface. | |
Highest water levels are found in heavily irrigated areas
where, without tile drains, water level rises high enoﬁgh to adversely

affect the growth of plantings. The maximum depth to Water in this

-zone 1s épproximate1y 10 feet. This occurs in the fall of dry years

in nonirrigated areas where the depth to water is controlled by
limits of evapdration from:the water table.

The ”c1éy cap" underlies the semiperched aquifer zéne
and extends to the top of the Oxnard aquifer zone. P]ate 1 indicates
that the c]ay cap extends to greater than 180 feet below sea Tevel.
ét two locations near the ocean. The clay cap consists of Recent
silty clay, silt and c]é& with lenses of sand and silt. In results
of earlier water resourﬁés studies, it was theorized that the clay
cap contains areas where dowhward-]eakage occurs to the Oxnard
aquifer zone. A recent cooperative investigation between the
Department of Water Resources and thé'University of California
indicated that the clay cap is an aquitard through which.signfficant
quantities of water can migrate vertically under conditions of
differential head.

Because of generally poor water quality and limited

quantity of recoverable sto?age_within the semiperched aquifer zone



it is recommended that mater1als over1y1ng the Oxnard aqu1feh zone
not be mode]ed as an aqu1fer system dur1ng the current 1nvest1ga—
tion. Because 1eakage w1th1n this zone affects under1y1ng zones,
it is recommended that resu1ts of the aqu1tard study pqh11shed

in Department of Water Resources Bu11et1n 63-4, be ut11t%ed duhtng
development and ver1f1cat1on of the mathemdtical groune,mater bastn

model.

UPPER AQUIFER SYSTEM

The Upper Aquifer System delineated withinuthe'0xnard
Plain Basin consists of the Oxnard aquifer zone and the Mugu
aquifer. These two water-bearing units were combined primarily
on the basis of similar subsurface structure although under natural
ccnditions water levels and water quality were probab1y‘more'simi1ar
than they are today. The structure of the Upper Aquifer System is
more p]ahar than the Lower System because these materials are
younger and have not been subjected to as}much folding as the
deeper lower P]eistocene water—bearing materials (Geologic §eotions
A-A', B-B' and C-C'). Because of their relatively young age,
they have also not been subjected to displacement by fault move-
ment to as great an extent. |

The base of the Mugu aquifer constitutes the bese of the
Upper Aquifer System. The'nature.cf the unconformity between the
base of the Mugu aquifer and the top of the Lower Aquifer System
is very significant with regard to sea-water intrusion, and, at

this time, is not thoroughly understood in all areas.

C
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Prior to deposition of the Mugu aquifer, sea level dropped
considerably causing extensive erosion of previousiy deposited
materials on the Oxnard Plain. ' o

The major soirce of erosive force during this period was
the Santa Clara River which meandered over the entire Plain. Of
secondary importance was the erosive energy provided by Calleguas
Creek and numerous small tributary drainages. The result of this
extensive périod of erosion was surface exposure of numerous
previously folded underlying water-bearing zones. Fo]]ow{ng this
period, sea level rose inundating most or all of the Oxnard‘P1ain.
Dur{hg this time, deposition of the Mugu aquifer occurred upon
fhe previously developed unconformify in a shallow marine inland

sea. The result of the sequence of erosion is extensive hydraulic

continuity between the Mugu aquifer zone and important aquifer zones

+of the Lower Aquifer System. Recent overdraft of the Oxnard and

Mugu aquifer zones has resulted in serious inland sea-water intru- -
sion at Port Hueneme and Point Mugu. At Port Hueneme sea-water
intrusion is known to occur only in the Oxnard aquifer zone where
the most recent information indicates an onshore affected area of
approximately 8 square miles. A far more serious condition is

found at Point Mugu where the Oxnard and Mugu aquifer zones are

both intruded. Here onshore intrusion of the Oxnard zone now

covers an area greater than 9 square miles. - The areal extent of
sea-watér intrusion in the Mugu aquifer is at this time undetermined.
Active intrusion into Exposed suballuvial materials of the Lower
Aquifer System is also indicated in Sections 28 and 32 adjacent to

the Muqu unconfined area.
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The thickness of permeable materials in the Upper Aquifer }(
System was contoured and is shown in Plate 3;, Maximum thickness
is reached in the area of the/Las Posas syncline while minimum

‘thickness genera]]y occurs at the easterly boundary of the basin.

OXNARD AQUIFER ZONE

The Oxnard aquifer zone is the initial iméortant water-
bearing unitvpenetrated by water wells on the Oxnard P]ain.’
Historiqa]]y,.this zone was considered to be the most important
because shallow wells completed in this zone were capable of pro-
ducigg large quantit1e§ of acceptab]e.qua1ity water. Pollution
of this zone by sea-water intrusion and leakage . of poor quality
perched waters has degraded the quality 6f this zone and caused
many deeper wells to be drilled. In previous.studies the areal
extent of this zone was utilized to delineate the boundary of the
Oxnard P]ain Basin. During the present.investigation, the maxi-
mum extent of both the Oxnard zone and the Mugu aquifer was utilized
since both constitute the Upper Aquifér System which will be modeled
as one unit. Combining these zones resulted in a minor eastéh]y
extension of the Oxnard Plain Basin boundary in the Pleasant Valley
~(Camarillo) area as shown in Plate 1.

The Oxnard aquifer zone is a laterally continuous layer
of nonmarine gravel and cobbles ranging from 1/4 to 6 inches in
diameter and coarse to fine sand. Interbedded within this zone

are clay, silty clay and silt lenses that form localized aquicludes

which restrict vertical movement of water within the zone and

([

affect Tateral movement as evidenced by differential sea-water

Y
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intrusion near the ocean. In some areas water-bearing materials
are segregated into two or three zones as indicated in Plates 7
and 9. Because of this feature, the term Oxnard aquifer used iﬁ‘
previous investigations has been revised to Oxnard aquifer zone.

- The top of the Oxnard zone is an irregular surface ranging
from greater than 20 feet above sea level east of Saticoy-E1 Rio to
greater than 180 feet below sea level northwest of Port Hueneme
(Plate 1). The irregularity of the top of this zone results pri-
marily from differential erosion and sedihentation of the Santa
Clara River rather than structural warping. An exception is found
in the northwest Oxnard Plain near the ocean Where the top of this
zone appears to have been upwarped and/or faulted. South of this
location near 5th Street, downwarping, probably related to the Las
Posas syncline, is appérent. The base of the Oxnard aquifer zone
occurs as a more regular surface, ranging from an e]éVation of sea
level just east of the Saticoy Spreading Grounds to greater than
300 feet below sea level near_Point Mugu. It is 1e§s irregular
because it'was deposited upon‘a relatively smooth erosional un-
conformity. The base of this zone was previously cohtoured and
published in Department of Water Resources Bulletin 74-9, “Water
Well Standards, Ventura County", and is recommended for use during
the current investigation.' In the northwest Oxnard Plain, the base
6f’this zone exhibits the same structural features as the top.

In addition, land surface subsidence in the vicinity of Point Mugu
Naval Air Station is indicated. 1In the northern half of the Oxnard
Plain the base of this zone has the apperance of a large alluvial

fan.



MUGU AQUIFER

Between the base of the Oxnard zone and the top of the 3(5
~ Lower Aquifer System is the Mugu aquifer of upper Pleistocene age.
Historically, few wells produced from this zone because‘
adequate Qater supplies were available from the overlying Oxnard
aquifer zone. Within the past 25 years, numerous mulitple zone
wells have been. completed within this unit and more than 10 have
been completed only within the Mugu aquifer.
The Mugu aquifer consists of.sand and gravel with inter-
bedded silt and clay with a maximum aggregéte thickness of about
270 feet. Of this, a maximum thickness slightly greater than 200 .
feet consists of permeable sands and gravels.
The Mugu aquifer is an almost coﬁtinuous layer of water-
bearing materials depbsited directly upon the erosioné] unconformity g
developed ‘on the San Pedro formation and older underlying rocks. ‘MJ%:
The basal portion of this unit generally consisté of coafse hateria]s
deposited under very shallow marine or nonmarine conditions and is
in hydrau1ic continuity with under1yin§ zones over much of the
Oxnard Plain. Later as sea level continued to rise, deposition
of finer sands and gravels occurred, especially near the present
shoreline. Generally, materials become finer grained toward the
ocean and more coarse grained in the easterly Oxnard Plain. In
the easterly Oxnard Plain much of the Mugu aquifer is believed to
be of continental origin.
The top of the Mugu aquifer is in most areas overlain
by a Tow permeability clay cap which varies from 10 to 100 feet

in thickness. Exceptions are found near the Santa Clara River, \ C:-
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at Port Hueneme and in_the Oxnard Plain and Mugu Fokebays where
well data indicates that water-bearﬁng portions of the Mugu
aquifer merge with the Oxnard zone.

Over most of the Oxnard Plain the top of the Mugu aquifer is
relatively flat and slopes toward the ocean. The greatest irregu-
lTarities of this surface are thought to be depositional rather than
stfucfura]. Mild downwarping of this surface is indicated in the
vicinity of the Las Posas syncline, while greater upwarping is
indicated near the Santa C]ara River. A contour map depicting
the top of this zone was not prepared during this study because
the Oxnard aquifer zone and Mugu aquifer are to be modeled as one
unit.

The base.of the Mugu aquifer is a more irregular surfdace,
which ranges in elevation from less thah 50 feet below sea level
near the tip of South Mountain to almost 500 feet bé]ow sea*level
3 miles north of Port Hueneme (Plate 2).I This greater dirregularity
is caused by more intensive fo1ding and sporadic nonmarine deposi-
tion. The area of greatest downwarping is coincident with the
northeast-southwest trending Las Posas syncline thch enters the
'Oxnard Plain from the Las Posas Valley and extends across the
basin into the ocean. Upwarped areas include the nose and westerly
extension of the Camarillo Hills and the northerly portion of the
basin paralleling the present course of the Santa Clara River.

Features due primarily to deposition of fine materials

are found just east of Port Hueneme.



LOWER AQUIFER SYSTEM

- The Lower Aquifer System consists of the Hueneme, Fox
Canyon and Grimes Canyon aquifer zones all of lower Pleistocene
“age. Collectively, they constitute the most valuable water-

bearing zones in the Oxnard Plain Basin.

HUENEME AQUIFER ZONE

The Hueneme aquifer zone constituteé the upper portion
of the San Pedro formation on the Oxnard Plain and is the upper-
most unit of the Lower Aquifer System. It consists of up to 1,150
feet of sediments in the deepest portion of the basin. Prevfous
investigators have not realized the thickness or areal extent of
this unit because of insufficient deep subsurface data. The recent 1'%:
trend of completing deeper wells and additional data provided by
petroleum companies has.resulted in a more thorough understanding
of the configuration and extent of this unit. Many wells penetra-
%ing deeper zones have been completed within this zone.

The Hueneme aquifer zone is composed of interbedded
sand, silt and clay and minor grave]rand is more lenticular than
underlying zones. The somewhat lenticular nature of this unit is
indicative of deposition under nonmarine conditions; however, the
lack of extensive quantities of gravel would seem to indicate at
least partial marine deposition, however, this has not been verified

by paleontological data.

T



The Hueneme aquifer zone has been subjected to considerable
folding, faulting and erosion since deposition, as indicated on
Geologic Sections A-A' and C-C'. This activity has largely affected
the areal distrjbution and occurrence of this uﬁit on the Oxnard
Plain. North of the Oxnard Plain this unit cannot be readily cor-
related. East of the Oxnard Plain, in the Las Posas Valley, water-
bearing portibns are extremely lenticular or absent and as a result
wells do not produce much water from this zone. In Pleasant Valley
some water is produced; however, most is extracted from deeper zones.

Much of the Hueneme zone has been removed by erosion of
upwarped areas since deposition. On the south Oxnard P]éin all
of this unit has apparently been removed generally south of Hueneme
and Etting Roads. In the north Oxnard Plain, just south of the
Santa Clara River, much of it has also been removed by erosion since
deposition dué to upwarping and possibly faulting followed by erosion.

The map depicting contours on top of the Lower Aquifer
System (Plate 4) has a very.simi]ar configuration to that an the
base of the Upper Aquifer System over much of the Oxnard Plain.
Exceptions are found within the southerly portion of the Oxnard
Plain Basin where numerous irregularities occur between the two
surfaces.. The two most prominent features occur between Port
Hueneme and Mugu Lagoon where two deep depreséions ranging from
400 to 550 feet are apparent. These occur in areas where coarse
water-bearing materials 6f the Hueneme aquifer zone are very thin

or absent. This condition is also prevalent here in deeper zones
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indicating a lagoonal or embayment.environment of depdsifion
for a considerable period of geo]ogié time.

The most siénificant~feature produced by the uncon-
~formity developed upon the Hueneme aquifer zone followed by
deposition of coarse materials is extensive hydraulic continuity .
between this zone and the Mugu aquifer. .Fdrtunate1y, onshore
" sea-water intrusion in the Mugu zone has occurred only near Point
Mugu where the Hueneme zone is absent. Apparent lack of hydraulic
continuity in much of the intruded area makes this unit increasingly

1mportaht as a source of future water supply to the Oxnard Plain.

FOX CANYON AQUIFER ZONE

The Fox Canyon aquifer zone is the basal unit of the San Pedro -

fbrmation. Paleontological evidence indicates that it islof lower
Pleistocene age and was deposited in a shallow watér marine environ-
ment overuthe entire Oxnard Plain Basin. Where paleontological
data are available, the top and base of this zone is readily
recognized by its characteristic fossil assemblage. Marine deposi-
tion. resulted in a more or less uniform series of layers which ﬁan
be correlated by use of electric logs over almost the entire
Oxnard Plain. In recent years the Fox Canyon zone has been
exploited more as a source of water supply, especially in‘coastal
areas where shallow zones have been intruded by sea water.

On the Oxnard Plain permeable portions of the Fox Canyon
aquifer zone consist primarily of fine to medium sand with stringers

of gravel. Lower permeability clay, silt and sandy clay interbeds

(nh

constitute about 20 percent of this zone. Water-bearing materials
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become finer toward the present coastline because they were
deposited farther from the ancient shoreline. " The Fox Canyon aquifer
zone is present throughout almost the entire Oxnard Plain. An
exception is found at the tip of South Mountain where subsurface
records indicate that nonwater-bearing portions of the Santa
Barbara formation are penetrated beneath the Mugu aquifer. The
lack of the Fox Canyon zone 1in this area may be attributed to up-
warping and subsequeﬁt removal by erosion of the Santa Clara
River as shown in Geologic Section C-C'. Another area where this
zone is thoughtto be lacking is in the south coastal area. Here
1imited subsurface information indicates-that.an/approximate
one-mile band along the ocean extends from about/0.5 mile north
of Arnold Road southerly to and beyond the Bailey fault where it
changes trend to a ndrtheaster]y.direction.for about four mitles
and terminates against the Bailey fault zone about 0.5 mile west
of Round Mountain. The apbarent lack of occurrence in this area
is attributed primarily to uplift and erosion in middle Pleisto-
lcene time prior to deposition of overlying zones.

The Fox Canyon aquifer zone constitutes the effective
base of fresh water 1in norfh and westerly portions df the basin

where the Grimes Canyon aquifer zone is absent. The most pro-
minent structural features here are the Las Posas syncline and

the Montalvo anticline which have warped this zone into its

present east-west trending configuration.

Basal members of this zone may be correlated over almost
the entire Oxnard Plain by use of e]ecfric logs. A key horizon is
the basal sand or gravel of quite.uniform thickness. Another
key horizon lies above this marker zone and is separated from it

-'[9 -



by a Tow permeability layer of variable thickness. This marker If
horizon is up to several hundred feet thick and exhibits almost
identical resistivity responses on electric logs over much of the
Oxnard Plain. Because of its greater.thickness, wide distribution
and ease of correlation on electric logs, it is considered to be

the "main aquifer" of the Fox Canyon zone. In the southeriy portion
of the basin, correlation of the Fox Canyon zone becomes more
difficult because of removal by erosion and presence of the Grimes
Canyon zone..

The top of the Fox Canyon aquifer zone is more difficult to
determine by corre1atin§ electric logs. . Unlike the two basal
aquifers, layers lying above cannot be correlated as readily over
large areas. Along the coast fhese two members are overlain by
one additional member, 100 to 150 feet thick, which constitutes
the top of the zone. -Inland, the clay Tayer separating fhis member
from the main underlying zone disappeaks and they become one dnit.

Generally, in cross section, the top of the Fox Canyon
zone assumes a configuration simf]ar to, but somewhat less warped
than the base. A map depicting the top of this zone was not pre-
pared beCausg the dver1ying Hueneme zone is to be modeled as a

part of the same system.

GRIMES CANYON AQUIFER ZONE

Throughout most of the Oxnard Plain Basin the Santa
Barbara formaﬁion consists of bluish §1ays and shales deposited
in-an offshore marine environment. Low permeability and Tack of =
flushing since deposition cause these materials to be placed in =
the nonwater-bearing category.
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The Grimes Canyoh aquiferizone is the uppermost member
of the Santa Barbara formation. On the Oxnard Plain, it is com-
posed primariiy of sand with only minor amounts of gravel deposited
in a near-shore marine environment. It is present only in the
southerly and easterly portions of the Oxnard Plain where it
underlies about 35 percent of the total basin area.l Approximate
northerly and westerly limits are shown in Plate 5. From this
location the Grimes Canyon aquifer zone extends southeasterly to
and beyond the Bailey fault zone}and easterly into the Pleasant
Valley Basin. Here it is the basal water-bearing unit and generél]y
overlies nonwater-bearing portions of the Santa Barbara formation.

Lack of the permeable Grimes Canyon aquifer zone in the
north Oxnard Plain is attributed primarily to a faciés change
caused by relatively deep water deposition of fine-grained materials
seaward of the defined limits of this zone.

The offshore limits of this zone in the south Oxnard
Geological Survey-Stafe Department of Water Resourcés cobperative
offshore sparker survey do notvindicate subsea stratigraphic units
correlative with the onshore occurrence of the Grimes Canyon '
aquifer zone. This may indicate an offshore facies change to
fine-grained materials 1like that which occurs on the north Oxnard
Plain. If this is the case, offshore intrusion of sea water into
this zone is not a threat. However, if permeable portions of this
zone are exposed in the Mugu or Hueneme submarine canyons or the
steeply sloping sea floor between thém, then sea-water intrusion

ijs actively moving landward because of long-time water level

conditions below sea level.



Limited water quality data indicate that some basal K:
portions of the Grimes Canyon aquifer zone contain brackish water.
The primary areas where this is thought to occur are downwarped
portions of the basin having inadequate circulation. Subsurface
data indicates that the Grimes Canyon aquifer zone is in hydraulic
continuity with the overlying Fox Canyon aquifer zone over most
of the area where they occur together on the Oxnard Plain. Most
of the water wells which produce from this zone are also perforafed

in fhe Fox Canyon aquifer zone.

PLEASANT VALLEY BASIN

The Pleasant Valley Basin is differentiated from the
Oxnard Plain Basin by a lack of the Oxnard and Mugu aquifer zones. Y

\“‘r. 1”&
It is separated from the Las Posas Basinsand the Santa Rosa Basin

by faulting and folding. -
- The Pleasant Valley Basin covers an area of approximately
41.6 square miles and has a drainage area of almost 57 square mi]esﬂ
-The basin ranges in e1evétion from about 20 feet hear its southerly
‘boundary to greater than 800 feet in the Camarillo Hills.
The geology of the Pleasant Valley Basin is very complex
and not thoroughly understood; The area is characterized by intense

folding and faulting and rapid facies changes in upper water-bearing

zones.,
Water-bearing units within the Pleasant Valley Basin include

Recent and upper Pleistocene alluvium and the lower Pleistocene

San Pedro and Santa Barbara formations. Water-bearing zones within -
L -



the San Pedro formation consist of an upper series probably equi-
‘valent to the Hueneme aquifer zone of the Oxnard Plain and the
.underlying Fox Canyon aquifer zone. The Santa Barbara formation
contains the Grimes Canyon aquifer zone which is the basd] water-
bearing unit within the Pleasant Valley Basin.

These formations are underlain by the Pico and Santa
Margarita formations, Modelo shale and volcanics of Miocene age which
are considered to be nonwater-bearing. The volcanic rocks are

exposed along the southeast edge of the basin in the Santa Monica

. Mountains.

'The following is a more complete description of water-
bearing units in the Pleasant Valley Basin with emphasis upon

their application to modeling Studies.

RECENT AND UPPER PLEISTOCENE ALLUVIUM

Recent and upper Pleistocene alluvium of varfab]e
thickness occurs in all 10&-1y1ng areas of the Pleasant Valley
Basin. These materials consist of yei]ow and blue clay and gray
sand and gravel which generaT1y reach a thickness of 300 to 400
feet. Throughout most of the/westerly Pleasant Valley Basin
these materials are very lenticular and do not constitute a large,
re]iabie source of water. The lenticular nature of these deposits
is such that extensive hydraulic continuity with equivalent zones
(Oxnard aquifer zone and Mugu aquifer) is very unlikely. The

large quantity of Tow permeability materials indjcates that these



deposits are confined or semi-confined throughout most of fhe : %f
basin. One area where unconfined‘conditiohs are strongly expected
is the area 1/2 to 1 mile southwest of Somis in the vicinity of
Callequas Creek where subsurface data indicates_the presence of
hjgh]y permeable materials to cqnsiderab1e depths.

. There are two areas in the Pleasant Valley Basin where
: watér supplies derived from Recent and upper Pleistocene materials
have been utilized. One area lies north of the Camarillo fault
and southeast of the Camarillo Hills, while the other area lies
generally southeast of the Camarillo fault in the Calleguas Creek
portion of the basin. Wells in these areas have exhibited yields
ranging from less than 100 to 1,000 gallons per minute with the
average yield being about 400 gallons per minute.

Geologic Section B-B' indicates subsurface relationships

.across a portion of the PTeasant Va11ey_Basin. Between the Spring-
ville and Camarillo fault zones, Recent and upper Pleistocene
deposits (water-bearing alluvium) are extremeiy lenticular in the
westerly portion of the basin, while on ;he southeast side of the
Camarillo fault Qater-bearing'materia]s are less lenticular up to
the Bailey fault zone. The higher quantity of permeable material
4here is probably caused by downfaulting of this block during
éédimentation by Calleguas and Conejo Creeks. Southeast of the
Ba%ley fault the lenticular nature of water-bearing materials is
again apparent. The large percentage of low permeability materials
here probably reflects a lack of coarse-grained deposition by
major water courses because of relative uplift during the qeposi- , ﬁf&

tional cycle. Much of the Recent and upper Pleistocene materials
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present here are thought to be fines prdduced by weathering and
erosion of volcanic rocks in the Santa Monica Mountains. The
dua]ity of water derived from these materials is generally
inferior to that extracted from deeper zones. The poor quality
combined with sporadfc and doubtful sustained yield make these
deposits quantitatively unimportant for modeling purposes.

SAN PEDRO FORMATION (FOX CANYON AQUIFER ZONE)

~The San Pedré formation underlies all of the'P1easant
Valley Basin except that area southeast of the Bailey fault zone.
It is exposed in the.Camari110 and Las Posas Hills where it has
been uplifted by anticlinal forces and fault movement. The upper
portion of the San Pedro formation cohsists of sand, clay and
gravel equivalent tolthe Hueneme aquifer zone found on the Oxnard
Plain. It differs from the Hueneme zone in that it is more”
lenticular in nature'énd contains a large percentage of low per-
meability layers. Thé occurrence of permeable zones seems to
closely coincide with occurrences of permeable zones in Recent
and upper Plejstocene'deposits. The upper San Pedro formation
is not found on the southeast side-of the Bailey fault.

The Fox Canyon aquifer zone is the major water-bearing unit
within the Pleasant Va]]ey Basin. It is in hydraulic continuity
with the Oxnard Plain Basin and present in all water-bearing
areas of the basin, except southeast of the Bailey fault. It
consists of, more or less, continuous layers of marine gravels,

sands and clays which are confined in most areas and range from



about 100 feet in thickness near the Santa Rosa Valley to about . xj
400 feet thick in the deepest portions of the basin. Average
thickness is about 300 feet. This zone has been affected by
extensive fau]tiﬁg and folding since lower Pleistocene deposﬁtion.
This structural activity has resulted in displacement of the zone
in numerous areas, which has had a great influence upon the
occurrence and movement of ground water in the Pleasant Va11ey
Basin. In the Camarillo and Las Posas Hi]ls the Fox Canyon
aquifer zone has been upwarped ana eroded to an extent}which

has exposed portions of it at ground surface. Uanrping combined
with fault movement have resulted in dewatering portions lying
near anticlinal axes. Geologic Section B-B' indfcates a vertical

displacement of the Fox Canyon zone across the Springville fault in

i

excess of 250 feet. Thié has caused a "barrier effect” which

signif?cant]yAredyces ground water underflow from the Las Posas

Basin on the north and east into the Pleasant Valley Basin. It

is suspected that the Springv{11e fault extends easterly creating

a barrier effect between the Camarillo and Las Posas Hills, However,

well log data are insufficient to accurately delineate this exfension.
| The Camarillo fault has also displaced Fox Canyon and

yoUnger sediments resulting in a "barrier éffect” to subsurface

flow in this zone. The vertical component of movement approaches‘

150 feet in Geologic Se;tion B-B' with the northerly block elevated

relative to the southerly block. Between the Camarillo and Bailey

faults the Fox Canyon aquifer zone and other water-bearing units

have been downfaulted and folded into a synclinal graben. This —
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structural activiity nhas resulted in the Ioweking of equivalent
rock units relative to those on either-side. Vertical relative
movement has been greatest-a10ng the BaiTéy fault zone whererthe
Fox Canyon -and other lower Pleistocene aquifer zones are in fault
contact with Miocene volcanic rocks of the Santa Monica Moﬁhéains.
.Some wells penetrating the Fox Canyon aquifék zohe.yield
greater than 2,000 gallons per minute; however, the éveragezyie1d
’is in the yicinity of 1,000 gallons per minute. . The quality of
water derived from this zone'is generally écceptab1e for most
beneficial uses. The large storage capacity, yie]d and generally
acceptable quality of water derived from the.Fox Cényon aquifer
zone indicate fts importance in modeling studies. The generally
confined nature of the San Pedro formatiqn combined with its
equiva]ence.and hydrau1i; continuity with deposits on the Oxnard
Plain indicate that it should be modeled as-a portion of the

Lower Aquifer Systems

GRIMES CANYON AQUIFER ZONE
This zone is present throughout much of the Pleasant
Valley Basin and, where present, constitutes the basal water-bearing
unit. The Grimes Canyon aquifer zone constitutes the uppermost
member of the Santa Barbafa formation and in this area consists
primarily of rusty brown sand with some gravel and clay. Over
most of its area of occurrence, well logs indicate hydraulic con-

tinuity with the overlying Fox Canyon zone. Like the Fox Canyon
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zone, the Grimes Canyon aquifer zone has been intensely faulted Y

and fpldgd»sincendepos}ﬁjon:rE§p1t1ng_in changes in transmissive
gépabjjjty.probap]y,simiJar to those of the Fox Canyon zone. .
thérg‘éresenp,.;he thquness of the Grimes Canyon -aquifer .zone :
:ﬁ;rpgﬂjgveg”pgﬁyany_frqm Tess than 50 feet to.more<than 500 feet.
_;§urf§;e and, subsurface geologic data indicates that -the Grimes
_Caﬁyonzgqyifer‘zone is genehqlly absent beneath-‘the south flank
.oﬁ}theiCamarj]]o Hills: and beneath the Las P§Sas Hills. ¢
_ :The_xigld_of the Grimes. Canyon zone is not adequately-
‘:defined'sjnge_water wells completed within this zone are also -
comp]eped.jn_;he‘over]ying Fox Canyon or shallower San Pedro zones.
In§pectipn:of well Jogé, however, indicates a large: quantity of
permeable materials which should ﬁroduce substantial quantities
of water. . . . | . . T ‘ i:
_Water produced from basal portions of-this zone in syn-
clinal areas are genera11y‘somewhat brackish indicating inadequate
circulation or flushing of stored water. '
Because of extensive hydraulic continuity with the over-
lying Fox Canyon zone, suspected substantial yield and generally

~acceptable quality of water, the Grimes Canyon aquifer ‘zone should

be modeled as a part of the Lower Aquifer System.

NORTH LAS POSAS BASIN

Previously the areas north and east of the Pleasant
Valley Basin were delineated as the East and West Las Posas Basins

on the basis of a north-south'surface water drainage divide']ocated Y
: ~
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about 1.5 m11es west of Somis. The presence of this drainage
divide is thought to be quite arbitrary with regard to the
occurrence, movement or quality of ground water and, therefore,
a new‘subdivision of this area 1s proposed For data storage ano
retr1eva1 purposes use of the prev1ous des1gnat1ons may be necessary.

The North Las Posas Basin 1s d1fferent1ated from the
Oxnard P1a1n Bas1n because of a lack of the Upper Aqu1fer System
at or near the basin boundary and from the Pleasant Valley Bas1n
by distinct structural barr1ers. The delineation of the sub-
division'between‘the North and South Las Posas Basins is based
primarily upon structural features and distinct water qua]ity
differences. | | | |

The North Las Posas Basin covers an area ot about 58
square miles and has a drainage area of some 73 square miles. It
is bounded on the north by nonwater-bearing rocks of the South
Mountain Oak Ridge area which extends from the Oxnard Plain Forebay
Basin to and beyond Happy Camp Canyonr it is - bounded on the west
by the Oxnard Plain Basin and on the south by the Pleasant Va]]ey\
and South Las Posas Basins. The drainage divide of the Camarillo
Hills approximates an anticlinal axis and provides the boundary
separating this basin from the P]easant Valley Basin. The boundary
between the North and South Las Posas Basins is formed by the
anticlinal structure ot the Moorpark hills and dtstinct water
quality differences between these hills and the Camarillo Hills.
The easterly.boundary is formed by the nonwater- bearing rocks
east of Happy Camp Canyon Wash.

The elevation of the drainage area ranges from less than

200 feet at the boundary of the Oxnard Plain to more than 2,800

feet on Oak Ridge. .



The North Las Posas Basin is an east west trend1ng
-

structure wh1ch has been h1gh1y fo1ded as shown 1n Geo10g1c | «

T Sect1on D D' It is very unusua] to see fo1d1ng th1s 1ntense

in 1ower P1e1stocene sed1ments and 1s 1nd1cat1ve of re]at1ve1y |
recent 1ntense structura] act1v1ty In add1t1on to 1ntense fo1d1ng,
the North Las Posas Bas1n has been t11ted 50 that water bear1ng .
mater1als now p]unge toward the Oxnard P1a1n ” B |

| 4 Water bear1ng mater1a1s 1nc]ude Recent and upper
P1e1stocene a]Tuv1um and terrace depos1ts, the Epworth Grave]s and
Fox Canyon aqu1fer zone of the San Pedro format1on and the Gr1mes
Canyon zone of the Santa Barbara format1on Nonwater bear1ng |
formations which under11e these un1ts 1nc1ude the Sespe, Vaqueros;

Modelo and P1co format1ons

r

RECENT AND UPPERAPLEISTOCENE-ALLUVIUM AND‘TERRACE DEPOSITS

W1th1n the North Las Posas Bas1n these depos1ts cons1st
'pr1mar11y of re]at1ve]y th1n stream channe] va]]ey f1111ng and '

' terrace mater1als Stream channe] and terrace depos1ts genera]]y
cons1st of sand and s11t w1th some grave] and c]ay wh11e va]]ey-
filling mater1als are usua]]y of lTower permeab111ty with c1ay and
silt predominating. The1r aggregate th1ckness ranges from 0
to about 200 feet. Historically, severa] ]Qw-y1e1d water we]is
have been comp1eted within these materials. .

One part of the basin where.more extensive water supplies
have been obtained is the Fairriew area. The Fairview area is an
east-west trending subbasin located in the northeast portion of
the basin. Here Recent and upper P1e1stocene depos1ts cons1st of Pl
sands and grave]s with minor clays. These materials are unconf1ned
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and are believed to reach depths of 200 to 460 féet. 'The thick-
ness of these materials is difficu]t to determine because of the
difficulty in distinguishing these deposits from the underlying
Epworth Gravels of the San Pédro formation. Historically,
numerous wells have been cohp]eted within this zone and have
extracted exce]1ent.qua1ity water for various beneficial uses.
Mining of ground water,from these materials has resulted in a
severe lowering of water lTevels throughout the subBasin,neceési-
tating abandonment of most wells. Prior to lowering of water
levels,average well yield was about 500 gallons per minute.
Because of 1ow—sustafned yield, poor water quality'or
severe dewatefed conditions, Recent and upper Pleistocene materiajs

are considered unimportant in modeling studies.

SAN PEDRO FORMATION (EPWORTH GRAVELS AND FOX CANYON AQUIFER ZONE)

The San Pedro formation is the major water-bearing unit withi:

the North Las Posas Basin. 'It reaches a maximum thickness of about
2,000 feet north of the Camarillo Hills and underlies almost the
entire wateerearing bortion of the basin. It is absent only in
the northeast portion of the basin where the Grimes Canyon aquifer

zone is the principal water-bearing unit.

EPWORTH GRAVELS

The Epworth Gravels are the major water-bearing unit within
the upper portion of the San Pedroiformation.
Throughout most of basin portions of the San Pedro forma-

tion which lie above the Fox Canyon aquifer zone consist of blue,
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yellow and red clays, s1Tty cTays and silts of low permeab111ty
These mater1aTs compose an aggregate th1ckness wh1ch exceeds
1, 000 feet 1n some areas and effect1ve1y conf1nes water bear1ng '
zones wh1ch T1e beneath SR o a

| The Epworth Grave]s are exposed north of the Famrvdewllf
subbas1n and at 1t~ easterTy term1nus "From the1r westerTy
extens1on adJacent to Long Canyon; they extend eastward for a
d1stance of about five m11es and then trend souther]y to a po1nt
approximateTy two miTes north of'Moorpark The Epworth Gravels
occur near the top of the San Pedro format1on and are composed
of about 200 feet of grave] grave]]y cTay and s11t which grades
southward and westward into silt and clay materials. The 11m1ted
extent of these depos1ts may indicate that they are remnants of
“an alluvial fan wh1ch has been folded and eroded resu1t1ng in its
present outcrop configuration. Well Togs indicate that they
underlie an area totaling about 6 square miles and are probab]y in
hydrau11c cont1nu1ty w1th Recent and upper PTe1stocene depos1ts
in the Fairview subbasin. The average yier of wells completed

4

within this zone has been about 300 gallons per minute of excellent

(g

—'—“*q-u*a"T-1"t'y'“w'a‘t‘e"n*“—H'O‘w’e’V'e*r“con:t‘i‘n‘u’o;d'S'T"y‘d'e'cﬂ‘1"n‘1"n‘g*W‘a't‘e'r“T”e’V'e“IT's s
T1m1ted area of extent and lack of hydrau11c cont1nu1ty with deeper zones

make this unit unimportant in modeling studies.

FOX CANYON AQUIFER ZONE

The Fox Canyon aquifer zone is the most important source

of ground water supply in the North Las Posas Basin. It consists

of 100 to about 600 feet of continuous white or gray sand and
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gravel with minor silt aﬁd clay 1eﬁses and interbéds. Although
the Fox Canyon aquifer zone éxfends over a]mostuthe entire North
Las Posas Basin, well data indicates thét it is thickest in the
central portion of the basin whefe coarse sands are present.
Along the South Mountain-0ak Ridge expoéure it 'is of variable thick-
ness and consisté of gfave] and sénd which grades intb fihe sand
near Happy Camp Canyon where it pinches out; It was first named
the Fox Canyon aqu{fef because of its excellent surface expoSure
in Fox Canyon which is 1oéated approximately one mile weét of
Bradley Road. This zone is exposed almost continuous]y é]ong the
south flank of the South Mountain-0ak Ridge area froh the Oxnard

Plain to Happy Camp Canyon Wash, a distance of some 15 miles.

- Along its outcrop trend it is not exposed in canyons because it

is buried by shallow Recent alluvium. Paleontological evidence
indicates that this zone was deposited under shallow water marine

conditions. Where exposed, this zone is easily differentiated

from the Grimes Canyoﬁ aquifer zone because of a distinct color

difference. In the subsurface, delineation of the contact between

these zones is very difficult.

From'its area of exposure on South Mountain, the FoxA'
Canyon zone dips to the south where it ié down and upfolded by syn-
clinal and anticlinal structures. Geologic Section D-D' indicates
the degree.of folding between South Mountain and the South Las
Posas Basin. Here this unit has been folded by the Long Canyon

syncline and anticline and the Las Posas syncline. In the eastern



part of the bas1n, 1t has been foIded by the Epworth syncI1ne
beneath the Fa1rv1ew Bas1n and the Moorpark ant1c11ne 1n the h1115.
above Moorpark : “:' B : f_‘ .,' ‘ | | . |

- In sync11na1 areas of the bas1n, the Fox Canyon aqu1fer
zone I1es at great depths In the area of the Las Posas sync11ne,v
north of the Camar1110 H1IIs, the top of th1s zone 1s reached at
depths exceed1ng 1 OOO feet beIow ground surface and as a resuIt
the deepest water weIIs 1n the county are comp]eted here Some
weIIs in th1s basin are greater than 1, 800 feet deep, however,
‘the average depth 1s about 1, 300 feet |
| In the northwest port1on of the bas1n near Aggen Road,
subsurface records and pump1ng tests 1nd1cate th1nn1ng of the zone
resuIt1ng in reduced pump1ng capac1ty In the Happy Camp Canyon
surface geoIog1c mapp1ng indicates that the zone 1is ent1re1y
absent ' o o

The qua11ty of water derived from the Fox Canyon aqu1fer

zone is exceIIent in the eastern haIf of the bas1n with a total
dlssoIved solids concentrat1on averag1nq about 275 milligrams
”per lTiter. In the western portion of the bas1n, 1t is of acceptable
'qua11ty w1th an average mineral concentrat1on of about 750 m11]1—
grams per liter, |
- | Wells completed withinﬂthe Fo; Canyon aquffer zone have
variable yield; however, the:average erId Is about 900 to 1,000
gallons per minute. Excessive extraction.of ground water from

this zone causes water levels to decline about 4.5 feet per year,



however, extensive permeab]eioutcrops of this zone prbvide excellent
areas fer aftificia] rep]enfshment if and when water becomes avail-
~able fer spreading. A ' |

The extensive nature of this unit cembined W%th'good fo
excellent water qua11ty makes it an 1mportant computer mode11ng unit.
Because 1t is almost ent1re1y confined and equ1va1ent to deeper
zones on the Oxnard P1a1n, it shou]d be modeled as a portion of the
Lower Aquifer System. Near outcrop areas and under parts of the
Camarillo Hills this zone is dewatered beneath the conf1n1ng 1ayer

~and should be treated as an unconf1ned system in the mode]

GRIMES CANYON AQUIFER ZONE

The Grimes Canyon aquffer zone is present throughout much
of the North Las Posas Basin where it constitutes the base of
water-bearing materials. It fs the upper member of the Santa
Barbara formation whfbh consists of up to 2,000 feet of clay,
silt, sand and grave1; Along South Mountéin, west of Bradley
Road, surface exposureszef this formation consist of low per-
meability clay or silt. Subsurface data also indicates nonwater-
bearing"materia]s below the Fox Canyon zone under the Caméri]]o
Hills. Based upon this data and the lack of occurrence in the
north Oxnard Plain, the Grimes Canyon zone is thought to be absent
or of only limited extent west of Bradley Road.

East of Bradley Road dutcreps of permeable sand and gravel
materials become more and more prominent until in Happy Camp Canyon

they make up almost the entire Santa Barbara formation. Here
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extens1ve exposures are est1mated to have a vert1ca1 th1ckness
hﬂof about 1 OOO feet The Gr1mes Canyon aqu1fer zone 1s over1a1n
by the Fox Canyon zone At some outcrops and in some bas1n areas,
a clay member separates th1s member from the Fox Canyon zone;
however, other exposures and weT] 1ogs 1nd1cate that they are 1n
d1rect contact Geo]og1c Sect1on D-D"' 1nd1cates that a c1ay »
member separat1ng the two is present throughout much of the centra]
port1on of the bas1n East of the Long Canyon area the two zones
iare be11eved to be pr1mar11y in hydrau11c cont1nu1ty The qua11ty
of water extracted from th1s zone 1s believed to be quite s1m11ar
to that obta1ned from the Fox Canyon zone. Except1ons are found

in some synclinal areas where the total dissolved solids concentra-
tion sometimes exceeds 1,200 milligrams per'1iterx' Projection of
water levels into the area near Happy Camp Canyon indicates that
permeable materials may be almost thoroughly dewatered here. The
large avai]ab]e storage, exposure of permeable materta]s and
hydraulic continuity with the Fox Canyon_aquifer‘zone indicate that
this area would be ideal for use as an artificial replenishment
facility.

| The Grimes Canyon aquifer zone shou]d be modeled as a

portion of the Lower Aquifer System because of its stratigraphic
position, expected vertical hydraulic continuity with the Fox
Canyon zone and generally good water quality. In and near aquifer
outcrop areas this zone is dewatered and should be treated as an

unconfined system.
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SOUTH LAS POSAS BASIN

The South Las Posas Basin has an aréa of about 19.4
square miles and a total drainage area of about 39.] square miles.
It is located in the southeasterly portion of the study area and
is delineated from other basins because of water quality differences
and structural barriers. Its northerly boundary coincides with
the axis of the Moorpafk anticline and distinct water quality dif-
ferences between this basin and the North Las Posas Basin. It
is bounded on the south by the Las Posas Hills and on the east
by the Simi Basin and nonwater-bearing rocks of the Simi'H111s.
The Pleasant Valley Basin forms the westerly boundary in an area
nea% the possible extension of the Springville fault.

The North Las Posas Basin is an east-west trending basin
formed by dpwnfo]ding of the Moorpark syncline in the vicinity‘
of Arroyo Simi and uplift by the Moorpark antic]ineAfo the
north and Las Posas anticline and Santa Rosa fault to the south.

Water-bearing units include Recent and upper Pleistocene

alluvium and the San Pedro formation. The Grimes Canyon aquifer

zone is not believed to be present in the South Las Posas Basin.

Nonwater-bearing rocks include low permeabi]ity portions
of the Santa Barbara formation, the Pico and Sespe formations and

some Mijocene volcanic rocks.

RECENT AND UPPER PLEISTOCENE ALLUVIUM

Recent and upper Pleistocene alluvium fills channels
tributary to Arroyo Las Posas. In these channels it is usually
less than 100 feet thick and consists of sand and silt with some

clay and gravel. The most extensive alluviated area lies beneath
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and adjacent to Arroyo Las Posas}where these deposits reach a depth
of greater than 200 feet in a band which extends the entire length
~of the basin. Here these materials consist of.sand, gravel and
C]ay.with some silt. . In their area of occurrence, these deposits
are unconfined and receive replenishment from stream percolation
and precipitation. Wells have been completed within this zone
primarily in the Arroyo Las Posas area and yield ‘an average of
400 gallons per minute. Other tributary areas are generally only
- partially séturated or entirely dewatered. |

The alluvial materials in the Arroyo Las Posas area
contain water of unacceptable quality for domestic uses and mar-
ginal quality for many agricultural .uses.  Average mineral con--
centration is about 1,850 milligrams per liter. 'The poor quality 5 £:
df water here is attributed to poor quality rundff and rising )
water derived from the Simi basin and perhaps contribution of
saline water from adjacent and underlying nonwater-bearing rocks:

Although water quality is quite poor, the quantity of water
is significant and saturated materials in the vicinity of Arroyo

Las Posas should be modeled as an unconfined system.

SAN PEDRO FORMATION (FOX CANYON AQUIFER ZONE)

The San Pedro formation is present throughout the entire
South Las Posas Basin. It has been upfolded in the Moorpark and

Las Posas Hills where it is partially exposed.

('D'
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" UPPER_SAN PEDRO FORMATION

Within the South Las Posas Basfn the upper San Pedro
formation has variable lithology. Throughout most of the basin
it consists primarily of low permeability clay and silt materials
with included sand and gravel lenses which effectively confine the
Fox Canyon aquifer zone. However, in the vicinity of Moorpark and
westerly from there, a distance of some four miles adjacent to
Arroyo Las Posas, subsurface records indicate hydraulic continuity
between ground surface and the Fox Canyon aquifer zone indicating
the presence of extensive permeable materials in the upper San
Pedro formation.

Here the upper San Pedro formation should be modeled
as an unconfined water-bearing unit. In other portions of the
basin, it should be considered a confining member overlying the.
Fox Canyon aquifer zone. /

FOX CANYON AQUIFER ZONE

This zone is presenf throughout most‘of the South Las
Posas Basin where it constitutes the effective base of the ground
water reservoir. It is exposed only along the north flank of the
Las Posas Hills where it pfovides some fep]enishment from rainfall
and Timited ruhoff.

The Fox Canyon aﬁuifer zone consists primarily of sand
and gravel layers with clay and silt lenses. It is not believed
to be present in extreme eastern portions of the basin. From its

first easterly occurrence, it gradually thickens to a maximum of
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about 400 feet in the western portion of the basin. "Avérage
thickness throughout its area of occurrence is about 200 feet.
Thrbugﬁout the basin the Fox Canyon_aquifer zone con-
tains variable quality water. The quality of water extracted is
1akgé1y determined by the location of wells with relation to
geologic structure. In anticlinal areas ground water generally
has a mineral concentration df less than 1,000 milligrams per
liter while that which occurs in the area of the Las Posés syn-
cline is poor in the vicinity of Mookpark with an average mineral
concentration of 1,800 to 2,000 milligrams per liter. The poor
quality of water which is present here is believed to be the resu]f
of hydraulic continuity with overlying énd adjacent materials.
Throughout most of the South Las Posas Basin, the Fox Cahyon aquifer
zone is confined and should be modeled in that manner. Exceptions
are noted beneath the outcrop area of the Las Posas Hills, dewatered
portions 6f the Moorpark Hills and in the unconfined area beneath
Arroyo Las Posas near Moorpark where ffee-wéter table conditions

are believed to predominate.

SANTA ROSA BASIN

With a water-bearing area of 6.3 square miles and a
drainage area of only 12.8 square miles the Santa Rosa Basin is
the smallest in the study area. Although it is of small size
and 1imited storage capacity,'it is one of the most complex basins

because of intense structural activity. The Santa Rosa Basin is
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bordered on the south and east by volcanic rocks of'the'Santa
Monica Mountains, on the north by the Las Posas Hi]]s'and oh the
west by the Pleasant Valley Basin. The westér]y boundary is some-
what arbitrary and may héve to be altered in the future.
The Santa Rosa Basin ranges in elevation from about

200 féet at its westerly terminus to abqut 600 féet at the
northerly limits of the San Pedro formation. The maximum e]evatibn :
of the drainage area reaches about 1,200 feet above sea level in
the Santa Monica Mountains.

| quor water-bearing unitslwithin the Santa Rosa Baéin
include Recent alluvium and Quaternary terrace dépositS-and the.

San Pedro and Santa Margarita formations. Nonwater-bearing forma-

‘tions include the Santa Barbara, Tobanga and Sespe formations and

Tertiary volcanic rocks.

The Santa Rosa Basin is an east-west trending déwnfoned
and faulted area as indicated in Geologic Section D-D'. Major
folds fncTude the Santa Rosa syncline and the Las Posas anticiine.
Major faults include the Santa Rosa and Bailey fault zones whfch
have undergone.considerab1e dispiacement since deposition of water-
bearing‘materié1s. The Santé Rosa fault zone is part of an exten-
sive system which extends through the Simi Valley and into Los Angeles
County. Where present in water-bearing materials, it probably forms
an effective barrier to north-south subsurface flow. The Bailey

fault zone brovides a substantial barrier to east-west underflow
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of ground water Nater 1eve1 data 1nd1cates that’wateh levels‘
are about 100 feet h1gher on the east side of the fau]t than on
the west. These structura1 features comb1ned w1th 1arge amounts
of up11ft 1n the Santa Monica Mounta1ns have resu]ted 1n comp]ex
geohydrologic conditions which are not thorough]y understood at
this time. | | | |
The quality of water extracted on the northwest side of
‘the Bailey fault zone is generally éood with total dissolved solids
ranging from about 500 to almost 800 milligrams per liter. On the
southeast side of the Bailey fault zone, water quality ts more
variable. Here, beneath Tow-lying portiohs,of the valley, the
total dissolved so]ids'conCentration ranges from about 800 to
1,100 milligrams per liter and nitrate concentration ranges frem
10 to 200 milligrams per liter. Along the northerly slopes of
the valley much lower salinity and nitrate concentrations are .

generally found. . o : -

RECENT ALLUVIUM AND QUATERNARY TERRACE DEPOSITS
Recent alluvium consists of stream deposited gravel, sand,
silt and clay which occurs along and adjacent to Conejo Creek and
Arroyo Santa Rosa.l These deposits are uhconfined and reach a maximum
thickness of 150 feet or less in the main portion of the Sahta Rosa
Valley. East of the Bailey fault zone these deposits are more

porous sands and gravels while west of it they are more clayey.

r



Quaternary terrace deposits consist of boulders, gravels,
sands, and clays which are exposed along the south slopes of the
Las Posas Hills and exténd to the valley floor. They are also
present as ‘eroded remnants beneath Recent alluvial deposits.
These deposits have a wide range of thicknesé; however, their maxi-
mum thickness is believed to be no greater than 250 feet. The
greatest thickness of these materials occurs oh>the northwest side
of the easterly Bailey fault branch. A]]uvium and terrace materials
should be modeled as an unconfined aquifer syétem.

SAN PEDRO_FORMATION (FOX CANYON AQUIFER ZONE)

The San Pedro formation is exposed along the south

" flank of the Las Posas Hills for almost the entire length of the
Santa Rosa Basin. East of the Bailey fault zone the San Pedro
formation is not believed to contain the basal Fox Canyon member.
Here it is composed of 1enticﬁ1ar beds of sand, gravel, silt and
clay which are probably semi-confined. West of the Bailey faU]t
We11 logs indicate presence of the Fdx Canyon aquifer zone which
is composed of sand and- gravel layers abdut 100 feet thick. Above
this zone the presence of 1ow'permeab111ty materials indicates
confined conditions except on the Las Posas Hills where the Fox
Canyon aquifer zone may be .near ground surface.: This zone is the
basal water-bearing unit on the west side of the easterly Bailey

fault branch.
SANTA MARGARITA FORMATION

The Santa Margarita formation of upper Miocene age was

derived from erosion and deposition of the Conejo volcanics. It
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1s exposed in the eastern port1on of the Santa Rosa Va11ey where
it cons1sts of vo1can1c cong]omerate, sandstone and tuff It var1es

in th1ckness from 300 to 1 OOO feet however, the base of water—

bear1ng port1ons of th1s un1t 1s about 550 feet be]ow ground surface.

It is the basa] water bear1ng un1t east of the Ba]]ey fau]t zone
and water 1eve1 1nformat1on 1nd1cates s1m11ar water 1eve1s as those
in over1y1ng a]]uv1a1 and terrace depos1ts Th1s un1t shou]d

therefore, be mode]ed as an unconfined system
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INTRODUCTION

" The objective of this portion of the investigation was to
establish the effective base of fresh water in the Oxnard-
Calleguas area to determine the deﬁth at which the_qua]ity
or quantity of water recovered is insufficient to justify

deeper drilling and development of water wells.

During this study, hundredshof electric logs and 1jthoiogic
logs from o0il and water.wells were inspecteﬁ. Of‘thﬁsg,
about 200 electric logs and 120 1ithologic logs were selected
fof compilation of subsurface geology,.structure and extent
of aquifer; to delineate ;he effective base of the fresh
water reservoir in the Oxpard-Calleguas portion of the study

area.

Depths to the'bése'were-converfed”toveﬂevatians above or below
sea Tevel (USGS'Datum)fand p1dtted on Plate 1, which also
indicates hajdr structufa1 barfié}s and boundaries of water-

bearing rocks.

CRITERIA USED

Quantity and quality of water recoverable from a well are two

primary factors from which the base is determined.



WATER QUANTITY: The quantity of water a well is capable of

producing depends upon the permeability of the saturated

portion of the aquifer penetrated. The water-bearing capability
of the aquifer was estimated on the béSjs of interpretation of
electric logs, supplemented with lithologic logs and well pump -
test data. The Quaternary geology of the Oxnard;Calleguas area
is complex due to its:particular sedimentary}and tectonic history.
Here fresh water is generally s$tored in and prdduced from Receﬁt
and upper Pleistocene alluvium, and the Oxnard, Mugu, Hueneme,
Fox Canyon and Grimes Canyon aquifer zones. The effective base
was determined primarily from the areal and vertical extent of
these zones. Although many wells in this area are capable of
prdducfng greater than 2,000 gallons per minute (gpm), the
gffective-base of fresh water was delineated upon the basis of
those units consistently yie]dihg greater than 100 gpm of
acceptable quality water. Within the Oxnard-Calleguas area,

the Fox Canyon or Grimes Canyon aquifer zones of prer Pleistbcene
age generally constitute the basal water-bearing units. Ex-
ceptions to this condition are found in two or possibly three
2reas. Ft the base of the Santa Monica Mbuntains some wells
produce relativg]y large quantities of water from highTy fractured
Tertiary volcanic rocks. Because of sporadic yield and generally
poor water quality, they were consideréd to be nonwater-bearingﬁ
In addition, electric logs indicate that the upper part of Pico
formation around E1 Rio may store fresh water, however, it was

not considered in the effective base, because of its great depth,
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lack of producing water wells, and unknown water quality.
Aquifers in the Oxnard Plain Basin extend offshore under the
Santa Barbara Channel, but the offshore reservoir was not

considered during this study due to a lack of available data.

WATER QUALITY: Water extracted frbﬁ wells in the area has

a wide range of mineral quality,varying from less than 150
milligrams per liter (mg/1) of total dissolved solids (TDS)
concentration in a portion of the Calleguas area to more

than 10,000 mg/1 in.areqs where the Oxnard and Mugu aquifer
zones have been intruded by éeawater along the coast. Current

State Department of Health Standards define 1,000 mg/1 TDS

as being the upper limit of mineral concentration for domestic

use; however, ground water of qua]ity'having more than 1,000

mg/1 TDS concentration has been used for most beneficial pur-
poses in:Mentura County. 1Tt is difficult to determine the extent
of the ground water body by quality in three dimensions because

of inadequate data at the structural base of water-bearing

materials; however, wells completed to the base of the Fox

Canyon and Grimes Canyon aquifer zones generally yield water of
acceptable quality and thus these zones were selected as marker
horizons for determination of the effective base of fresh water.
Exceptions are found in some synclinal areas where connate. water
has not been flushed since deposition. Because the effective
base almost always conforms to stratigraphic units, the hesulting
contour map reflects structural conditions of these units over

most of the study area. Another anomaly is found near the



coast where shallow zones have been intruded by seawater.

Sincé this condition is considered transient and reversible
and because these zones are underlain,by deeper zones which
are not intruded and can be produced séparate]y, the deeper

Zones were utilized to delineate the effective base in these

areas.

GENERAL CONFIGURATION OF THE EFFECTIVE BASE

Ground wéter basins of the Oxnard-Calleguas area are bordered
by nonwater-bearing Tertiary formatioﬁs of the Santa Monica
Mountains to the southeast and Big Mountain to the east. The
northerly boundary is farméd by the South Mountain structural
high and the Oak Ridge-McGrath fault zones. Te the west water-
bearing units extend to varying distances offshore. The
offshore configuration and extent of.aquifer Zones were deter-
mined by means of an extensive sparker survey conddcted by

the United StateS'Geologicél Survey and will be described in

a report being prepared by them.

The effective base of fresh water within the Oxnard-Calleguas
area ranges from greater than 1,000 feet above sea level near
Happy Camp Canyon to greater than 2,100 feet below sea Tlevel
in the north;centraT Oxnard Plain. Extensive folding and
faulting indicated by contours on the effective base are

indicative of intense structural activity within the study
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area since lower Pleistocene deposition of basal water-bearing
units. In many areas contours indicatiné structural highs

are reflected by surface hills. As an example, the Las Posas

and P]éasant Valley Basins are separated by intrabasin structural

highs: the Camarillo and Las Posas Hi]]s.

J

OXNARD PLAIN GROUND WATER BASIN - Fresh water is stored in and ex-
tracted from Recent and Pleistocene aquifers which include the '
Oxnard, Mugu, Hueneme, Fox Canyon and Grimes Canyon aquifer zones.
The Recent Oxnard aquifer and the upper P]eiitocené Mugu aquifer
zones lie generally flat oﬁ the older formations and form the
effective lLase only at the base of South Mountain and along most
of the'éase'of.the Santa Monica Motntains south of the Bailey

fault.

The Tower Pleistocene aquifer zanes are folded along north east-
trending axes principally due to the midfPleistocene Orogeny.
The uppermost lower Pleistocene aquifer zone is the Hueneme

zone which is nbtlpresent generally south of Pleasant Valley
Road because of folding and erosion prior to deposition of the
Upper Aquifer System. This zone does not form the effective
bése because it i§ underlain by the Fox Canyon aquifer zané
wherever it occurs. The Fox Canyon aquifer zone'forms the
effectiQe base over the northerly two thirds of the Oxnard

Plain Basin. Southeast of here the Grimes Canyon aquifer zone

lies beneath the Fox Canyon zone and forms the effective base
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except in the area southeast of the Bailey fault. The extent
of the Grimes Canyon zone is believed to be limited by a facies

change, causing reduced permeability in arnortherly direction.

The cohfigurationvof the effective base of fresh water is
relatively uncomplicated on the Oxnard Plain. Synclina1~and

basin structures on the effective base appear in two areas.

The most significant synclinal area occurs between the North

Las Posas Basin and the ocean. Within this area a basin beneath
the E1 Rio area causes the effecfive base to exceed 2,100.feet
below sea level. A second, less accentuated synclinal structure

is apparent in the southeast Oxnard Plain where a maximum depression
in excess of 1,300 feet(beiow.sea level occurs. This structure
extends'}ough]y from Highway 101 in the northeast to Hueneme

Road at the southwest termination of the structure. A structural
high appears in the area of the intersection'of Hueneme and»Arno]d
Roads where nonwater-bearing Miocene vo]banic rocks were penetrated
by an exploratory oil well. Here the elevation of effective base

is 1,000 feet below sea level.

Faults which affect the configuration of the effective base of
fresh water on the Oxnard Plain include the McGrath and Bailey
zones. The McGrath fault occurring in the vicinity of thé

Santa Clara River has a northeast-southwest trend and has, along
with the Montalvo anticline, caused the effective base of fresh
* wWater to occur at shallower depths on the south side. 'The dif-

ferential elevation of the effective base is greater than 900

feet near the ocean.



The Bailey fault occurs beneath the south Oxnard Plain and
generally para]]e]s’the‘termination of the Santa Monica Moun-
tains. Water-bearing materials on the southeast side of the
fault have been uplifted about 50 feet near the ocean to about

200 feet where it passes the eastern margin of the Oxnard Plain

Basin.

Data from numerous wells indicates that displacement generally
increases in an easterly direction with maximum displacement

occurring in the Pleasant Valley Basin.

PLEASANT VALLEY BASIN - Within the Pleasant Valley Basin ground

water is stored and extracted primari]y_from the Fox Canyon
and:Grimes Cényon aquifer zones of the Lower Aquiferisystem.

Above these zones water-bearing materials become lenticular,
reflecting a predominance of:deposifion of fine-grafned materials.
The basal water-bearing unit wfthin most of the basin is the
Grimes Canyon aquifer zone, the uﬁpermost unit of the Santa
Barbara formation. Exceptions fo this_tondition are found in
three portions of the Pleasant Valley basin. One area is the
south side of the Bailey fault zbne where the Lower Aquifer System |
is absent and the effectivé base is formed by upper Pleistocene
and Recent alluvium. Another area lies generally north of the
Springville fault zone in the Camarillo Hills where available

data indicates that the Fox Canyon aquifer zone constﬁtutes the

effective base. Another area where the Fox Canyon aquifer zone



constitutes the effective base is in the Las Posas Hills
where it directly overlies the Sespe formation and Miocene

volcanic rocks.

Four major fault zones ‘significantly affect the occurrence

of the effective base of fresh water in the Pleasant Valley
Basin. These are, from norih to south, the Springville,

Santa Rosa, Camarillo and Bailey fault zones, all believed

to be branches structurally related to the Santa Rosa fault
zone. Makimum Vertica1 disp]acement of the efféctive base ad- -
jacent to the Springvilie fdu]t approachesySOO feet, the

north side being elevated relative to the south side. Maximum
displacement on the Santa Rosa fault zone is approximately_ZOO
feet with the north side also elevated relative to the south.
The Camarillo fault apparently has mihimum,vertical displace-
ment, while the Bailey fault exhibits a vertical displacement
of about 600 feet with the south side of the fault indicating

upward d1sp1acement relative to the north.

Interspaced between major fault zones are up and downfolded
areas. Upfolded areas include the Camarillo and Las Posas Hills,
while significant downfolded areas are found on both sides of

the Cahar1110 fadlt.

The overall effect of thése structural features is an irregular
westerly plunging surface with abrupt changes in elevation at
major fault zones. The elevation of the effective base exceeds

sea level at the base of the Santa Monica Mountains and in the



~Las Posas Hills while it extends to depths of greater than 1300

feet below sea level in the west-central portion of the basin.

NORTH LAS POSAS BASIN - The North Las Posas Basin, extending from

Happy Camp Canyon to the Oxnard Plain Basin, is boundéd by the
nonwater-bearing rocks of South .Mountain on the north and by
the Pleasant Valley and South La;'Posas Basins at its southerly
terminus. The effective base of fresh water in all areas con-
sists of either the Fox Canyon or Grimes Canyon aquifer zones.
In the western portion of the basin the Fox Canyon aquifer
zone constitutes the effective base because the Grjmes Canyon
unit i; not present. In the eastern portion of the basin, the
Grimes Canyon aquifer zone is the dominant basal water-bearing
zone. Although subsurface data are inadequate to accurately
de}inggte this boundary, surface exposures on South Mountain
combined with numerous deep exploratery betroledm well records

indicate the above general relationship.

Folding and tilting is the dominant structural feature which
has formed the configuration of the effective base in the North
Las Posas Basin. Extensive folding since Tower Pleistocene
depoéition has produced an elongated series of southwesterly
trending synclines and anticlines indicati?e of intense
structural activity. The major synclinal feature is the Lasv
Posas syncline which enters tﬁe basin from the Oxnard Plain

and extends in a northwesterly direction through the entire
basin. Major upwafped features include the Camarillo and ’

Moorpark anticlines, the axes of which approximate the southerly



basin boundary. Other major known structures affecting the
effective base of fresh water are the Long Canyon syncline
and anticline which occur north of the Las Posas syncline in

the western portion of the basin.

In the northeasterly portion of the basin between Happy Camp
Canyon and Balcom Canyon Road the effective base of fresh water
is depicted as a simp]e north synclinal 1imb due to lack of ade-
quate subsurface'control. This interpretation is based largely
upon the surface attitude of exposed rock units and should be
considered tentative and subject to modification as additiona1
~data become available. Another area where the effective base
of fresh water should be considered tentat1ve is that area north
of La.Loma ‘Road where recent data indicates poor quality water
and low yield from test wells penetrating the'Fax;Canyon aquifer
zone. This anomaly may be the result of a barrier effect
cauéimg inadequate circulation in this area. The topograph1c
11near1ty of features in the vicinity of La Loma Road is suggestive
.of fault movement however, additional data is needed prior to

alter1ng the conf1gurat10n of the effect1ve base of fresh water

here.

Within the North Las Posas Basin the elevation of the effective

© base is closely related to topography. Topographic highs -

generally indicate minimum depths, while topographic lows
indicate maximum depths to the effective base. The elevation

of the effective base varies from well over 2000 feet above

- 10 -



sea level where outcrops of the Grimes Canyon aquifer zone ‘
occur in Happy Camp Canyon to depths of greater than 1,600 feet

below sea level north of the Camarillo Hills.

SOUTH LAS POSAS BASIN - The South Las Posas Basin extends from

the west end of the Simi Basin to tHe hills above Moorpark

and Camarillo on the north, the Las Posas Hills on the south

and fhe Pleasant Valley Basin to the west. The effective base of
fresh water generally cdnforms to the base of the Fox Canyon
aquifer zone. In areas where this zone is absent, the effective
base conforms to the base of alluvial deposits. The Grimes
Canyon aquifer zone is not believed to be present to a signi-

ficant degree within this basin.
2\

Folding has been the dominant structural factor determining
variations in the effective base of fresh water. Dominant
folds within this basin include the Moorpark syncline andfanti—

cline,

Just south of the topographic boundary of the South Las Posas
Basin is the Santa Rosa fault zone, a zone which has significantly
elevated rocks in the Las Posas Hills. Just south of the drainage
divide of the Las Posas Hills, the Topaqga and Sespe formations.
are exposgd, indicating significant uplift of these bedrock.units.

Immediately north of these units and overlying them unconformably



are extensive exposures of the Fox Canyon aquifer zone which

constitutes the effective base of fresh water in the Las Posas

Hills.

Contours on the effective base of fresh water in the South
Las Posas Basin have a west-southwest trend and display a smoother

more regular surface than is found throughout most of the study

area.

E1evatiohs of the effectfve base -reach a maximum of greater thén
700 feet ébove sea level where elevated by the Santa Rosa fault
zone in the Las Posas Hills. Another structural high occurs
along the Moorpark anticline where the elevation dn the bas§ of
the Fox Canyon aquifer zone exceeds 200 feet above sea level.
Other areas where the effective base approaches or exﬁeeds 600
feet above sea Tevel include the Happy Camp Canyon stream channel
area and Arroyo Simi near the Simi Basin where alluvial materials
constitute the effective base. The maximum depth and thickness
of the effective base occurs beneath Arroyo Simi at Moorpark
where the Moorpark syncline has downwarped water-bearing materials

to greater than 490 feet below sea level.

SANTA ROSA BASIN - The Santa Rosa Basin is the smallest ground

.water bas1n within the Oxnard Cal]eguas area in terms of area]
'extent and storage capacity. It is bounded on the north by the
drainage divide of the Las bpsas Hills and on the south and east
by the nonwater-bearing rocks of the Santa Monica Mountains and

Simi Hills, respectively. The westerly boundary is a surface

- 12 -



drainage divide which separates this basin from the Pleasant
~Valley Basin (Plate 1). Recent preliminary studies by the
Ventura County Flood Control District indicate structural
barriers which may result in future alteration of the westerly
basin boundary after more data are collected and evaluated.
The Santa Rosa Basin is an east-west synclinal basin thought

to have been extensively affected by faulting.

The Santa Rosa fault zonevforms the boundary between waterf
bearing rocks in the basin proper and the nonwater-bearing
Topanga and Sespe formations to the north. Within the basin
several fault branches affect the elevation and formations
which constitute the effective base. The Bailey fault zone
consi§ts of two or possﬁb1y three northeasterly tren&ing
Branches in the Santa Rosa Basin. In each case the easterly
‘'side of the‘zone has been uplifted relative to the westerly
side. East of the easterly branch the effective base is
formed by Recent and upper Pleistocene alluvium and the
Tertiary Santa Margarita formation. This is the only basin
within the Oxnard-Calleguas area where rocks older than lower
Pleistocene constitute the effective base of water-bearing
materials. Here the effective base of fresh water varies

from greater than 400 feet above sea level along the northerly
flank of the basin to greater than 300 feet below sea level in
the middle of the basin. West of the fault zone the Fox Canyon
aquifer zone constitutes the effecfive base which varies in

elevation from greater than 200 feet above sea level just

- 13 -



south of the Santa Rosa fault to almost 600 feet below sea
Tevel at the structural center of the basin. Vertical offéet
of the effective base approaches 300 feet which is much less

than the stratigraphic separation.

Near the western edge of the basin one or possibTy two branches
of the Bailey fault offset the effective base which consists
of the Fox Canyon or upper San Pedro aquifer zones and Recent and

upper Pleistocene alluvium. Here maximum vertical offset exceeds

200 feet.
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PLATE 2

LEGEND
Aliuvium' (Sand, Gravel and clay) Water-bearing.
Dune sand.

Landslide

Terroce deposits ond older alluvium, Marine ond
continental gravel, sand and clay. Water -bearing.

San Pedro formation. Marine and continental sand,
grovel, silt and clay. GeneraHy water-bearing

Epworth graveis, Water-bearing member of
the Son Pedro formation.

Fox Canyon member of the San Pedro forma-
tion. Marine sand & grovel. water-betring.

Santo Barbora formation Marine siit, clay, sand
and gravel. Generalty nonwater bearing.

Grimes Conyon member of the Sonta Borbora
formation Marine sand & grove! Woter-bearing.

Pico formation. Marine siltstone, sandstone, conglom-
erate ond shale, Nonwater-bearing.

"Santa Mdrgaritd® formation. Marine shale, sandstone
nnd conglomercte Locally water-bearing

Modelo shole Marine. Locally water -beoring.
Modelo sondstone. Marine, Locolly water-bearing.

Ri;»con formation. Marine shaie, Nonwater-bearing.
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STATE OF CALIFORNIA
THE RESOURCES AGENCY
DEPARTMENT OF WATER RESOURCES

SOUTHERN DISTRICT
WATER RESOURCES MANAGEMENT
VENTURA COUNTY
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