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APFENDIX A
GEOLOGY

The geology reported herein has been limited primaril& to those
geologic features and conditions within the watershed of the Los Angeles
River sbove its confluence with the Arroyo Seco, insofar as they affect
the occurrence and movement of ground water. The features and formations
described herein are shown on Plate }, Areal Geology, and on Plates 5, and 5A

through 5H, Geologic Cross Sections.

Previous Investigation

Several bulletins and papers have been published dividing the
area under investigation into numerous basins and subbasins. For the most
part these divisions were made at or near locations where there is a change
in ground water storage capacity, a drainage divide and/or structures that
delay to varying degrees the flow of underground water toward the Ios
Angeles Narrows,

These bulletins and papers dealing with the geology in the
vicinity of the area of investigation pertain mainly to the sedi-
mentary and crystalline rocks in the hills and mountains arcund the edges
of the valley fill,

Division of Water Resources Bulletin No, hSE/ contains a detailed
and broad coverage on the geology of the area of investigaégon and its

effect on ground water, Particular reference is made to the geologic



features af the valley £ill and to the water-bearing series. This work
has been studied in detail and data pertaining to specific yield and
storage capacity have been modified and utilized in the present investi-
gation as shown in Appendixes D and Q respectively. The modifications

are based on an additional 25 years of records and data.

Regional Geology

The main valley floor is in general an alluvial-filled bas}n
approximately 23 miles long and 12 miles wide, Based on physiography
and/or geologic features, the valley fill contained within the hydrologic
boundary of the basin has been divided into four hydrologic subareas (see
Chapter III). Little is kmown of the depth of valley fill in the central
and eastern part of the San Fernando Hydrologic Subarea where the depth of
£ill may exceed 1,000 feet in the area to the west of the City of Buibank.

The geologic events which affected the valley floor and the
bordering hills and mountains as a whole during the formation of the
structural features must be considered as well as features now expressed-
by surface topography in order to depict their effect on the occurrence

and movement of ground water.

Geologic Formations

The geologic formations may be divided into two groups, the

nonwater-bearing series and the water-bearing series.

The nonwater-bearing series do not absorb, transmit or yield

water readily. They are the Basement Complex rocks and the Cretaceous and



Tertiary sediments of the Chico, Martinez, Domengine, Topanga, Modelo
(Puente), Repetto and Pico formations.

The water-bearing series which absorb, transmit and yield water
readily, consist of the alluvial deposits of Quaterpary age occurring in the
area and are classified as the Saugus formation, Older alluvium (terrace
deposits), and Recent alluvium. This study deals mainly with the character
and extent of the water-bearing series.

The stratigraphy of the area of investigation is shown in
Table A-1,

The geological mapping performed by many previous workers hag
been compiled and supplemented where necessary by work of the staff of the
Board and is presented as Plate L, entitled "Areal Geology". The
references utilized in the compilation of the map are listed in the biblio-

graphy as Nos. 1 through 18, inclusive,

General Geologic History

The metamorphosed pre-Jurassic sedimentary and igneous rocks
found in the Basement Complex in the mountains and hills to.the north, east
and south of San Fernando Valley indicate that these rocks were intruded,
faulted, and metamorphosed prior to the intrusion of the pre-Cretaceous
granities.

The Cretacecus rocks found in the hills and mountains in the

southern and western portion of the area and their absence in the eastern

portion indicate the presence of a sea ih the western porticn of the valley
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STIATIGRATHY STTIIIN Lo3 ANOELES WIVER WATFROMED ADOVE, CONFLUENGE TTII ARROYO SEQOD

. : : .
Age ! Geologic forration | Drscription : Remarks : *,E"E:;“
Fanont Alluviun Poorly soried, unconaolidated, coalescing Yore gravels in eastern part of 02002
alluvial Ian deposits of sand, gravel valley and fine gralned with high
and clay. OGenerally undissected and clev oontent in wastern portion
undeforned, of vallev.
Tocal unconformity
= Upper Older alluviun, Alluviel terrace deposits around basin Genarallr more olayey and p-2000t
& Fleistocene terrace depogivs, margin and thick serics of poorl™ con- compacted than Recent alluvium,.
E' & and slightly folded solidated conilinental grsvels, sands and ¥ore gravelly in east and more
g Pacoims formation. ¢lays, Chsracteristic red or Ttrown clavey in wast.
87 wagthered surface. Deformation pznerglly
25 slighl &t surface but increames with
&‘g dapth, Some layers of lossil moils.
[
tocal unconformity
Lower Saugus formation Continental and marine poorly consoli- Continentel alluvial lan deposits 0-5000%
Pleistocane (Sunshine Ranch dated folded conglomerates, sands, silts along north central pnriien of .
formetion included) and clays. valleyy marine finer sadiments to
wept. Yot Cound slong southern
or sastarn portion of valley.
Locel unconfarmity )
Upper Pico Termation Blue sandy shale and silistone with sand- Found only slong narthern portion 1500-30003
Fliocens stone snd canglomerate lenses. Frincipally  of valley.
marine, Consolidsted and cemented.
Lower Repotto Tormation Marine blue and brown siltstona and Found only along northern pertion L00-3000%
Fliotene mudstore, arkose, sandstons and of velley,
conglomerate. Scme fossiliferous
and pstroliferous teds.
Local unconformity
jper Heodelo formation Alternating marire shale and sandstone Found around the perimeter of the L000-7000%
¥locene (called Puente rmenters, Thin-tedded cherty silicaous vallev and probably underlies
fornation ab shale, diatomacecus shale ard diatemite whola valley.
Los Angeles River varying to clayey and sandy lacles, Thick
Narrows, Bullebin L5) goarse massive arkosic sandstone and
conglomerate with interbedded line sand-
‘=& stone and shelss. Sharp local variations.
& Assouiated with intrusive and extrusive
E.E . Yasalt end other ignecus racks.
3:; é Locel unconformity
2 picle Topanga Cormation X¥orihern poriion of valley continantal 700-7500%
§ and/for arkose, conplomerate,red and vallow
£ Lower beds. Inlervedded andesite and besalt
Micecene flows. Souitern and western portion of
velley principallv marine with some
continental beds in lower part.
Unconlormity .
Kicsle Domengine formation Harine pray to greenish hard calcarecus Small outcrops in hills and 502
Eotens {Fegenos formation sandstone and conglomerate. mountains in northwestern pertion
Bulletin LS) of valley.
Local unconformity
Lower Martinez formetion Marine greenish~black sandstone, dark Found slong DeMille fanlt in San 250-9002
Eecene shale, coarse conglomerate, Gaurdel Mountains and in Simi
Hille at western tip of valley.
Unconformity .
1~ UPPET Chico formation Upper portion marine massive hard coarse Found in hills and mountains 250-9002
H g ¥ Cretaceous conglomerate with some aandsione and shale; mround western portion of valley.
84 & lower portion soft red conglomarate and
] Eg seandetone probably continental deposit,
E L= Uncorformity
W g | Lower Granodiorite Cranitic intrusion
Grataceouy Granite
=] | o Jurassie Quartz Diorite, etc.
i.
55| ‘arisnnter Sants Monica Slate Plack slates with schist facies Santa Vonica Kountaine southerly 5000-7000"
i . of Encino Reservoir
»d
[
» B
PrasSrotatoms Pelona achist, Undifferentiaied metamorphic and granitic Found in San Gabriel Mouwntains,

m-ﬂp_ﬁ

Placerita series,
ote.

rogka, schiets, gnelss and vardevy of
eryetalline rocks.

Santa Monics Mountains, Verdugo
Hills and San Rafesl H1llw

A-8



e

during the Cretaceous. It is quite probable that during this pericd of
submergence the eastern portion of the valley was above sea level and
undergeing erosion.

For the most part the whole area was undergoing erosion during
Eocene time, with the exception of portions of the Santa Monica Mountains,
Simi Hills and the Santa Susana Mountains where relatively thin sections
of Martinez and Domengine were deposited.

During lower to middle Miocene time, comtinental deposifs of
red and yellow arkose, conglomerate, and interbedded volcanic flows were
deposited in the northern and eastern portion of the valley. These beds
appear to gfade westward and southward into shallow water deposits of the
Topanga formation, Fragments of Santa Monica slate (Triassic ?) are
found in the Topanga formation along the southern portion of thé valley,
indicating that these sediments were derived from the ancestral Santa
Monica Mountains.

In middle Miocene time, seas of the Ventura Basin extended over
most of the area and by upper Miccene time had extended to a shoreline oﬁ
the foothills of the ancestral mountain ranges around the margin of the
basin now existing as the San Fernando Valley. In these seas were de-
posited the sediments of the Modelo formation. The upper Miocene marine
deposits (Puente formation) found in the Los Angeles Narrows area are
similar to and are the same age as the Modelo but were probably deposited
by an arm of the sea extending from the south. .

At the close of the Miocene epoch, some movement took place on

the San Gabriel and related faults and the Modelc seas receded slightly.
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It was in this relatively shallow sea that the nonwater-bearing Repetto
and Pico formations were deposited., During middle and upper Pliocene time
there was significant uplift of the area, accompanied by some faulting and
folding, Middle Pliocene seas extended eastward from the Ventura Basin as
far as Sunland. Pliocene deposits are noticeably lacking in the Santa
Monica Mountains. |

Rise of the San Gabriel Mountains and other ranges and hills was
accelerated during lower Pleistocene time. . The water-bearing Saugus
formation (including Sunshine Ranch formation - Oakeshott, 1958)2/ is
represented by fluviatile and alluvial-fan sediments derived during the
lower Pleistocene from the then existing San Gabriel Mountains which
merge into marine sediments derived from the Santa Susana Mountains to the
west, There is no evidence of a similar deposit along the base of the
Santa Monica Mountains, indicating that during Saugus time this porti;n
of the area was undergoing erosion,

The mid-Pleistocene orogeny was the major event in building of
the modern mountain ranges and hills around the perimeter of the valley.
At that time, the Saugus and all older formations were intensely folded and
large movements took place in the San Gabriel and other fault zones at the
northern edge of the valley. The Santa Monica Mountains, Simi Hills and
Santa Susana Mountains were elevated with the latter two cutting off the
San Fernando Valley from the Ventura Basin. The major streams accelerated
their erosion and incised deep canyons in the mountains. Some of the first

products of post~Saugus ercsion are represented in the dark browm and
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reddish fanglomerate of the Pacoima formation (Oakeshott, 1958).2/ Strata
of this formation have been locally folded in and near fault zones, parti-
cularly in the fault zone west of the Veterans Hospital north of the City
of San Fernando,

Post-Saugus erosion of the higher lands has centinued through
upper Pleistocene to the present time. Erosion during this time has been
modified, accelerated, or interrupted by repeated near-vertical elevation
of the mountain masses, A succession of terraces produced by deposition
from the various streams have been developed and then incised or eroded as
the stream gradient was modified, Most of the terrace deposits parallel
present drainage courses and were, therefore, quite evidently left by these
streams in earlier cycles of erosion,

Erosion and elevation of the land mass has continued to the present
time. The alluvial fill during this time has been derived from two types of
material which have a profound effect on the permeability of the aquifers
end on the quality of the water., West of the vicinity of San Fernapdo
Reservoir and along the southern portion of the valley, locgl streams from
the hills have deposited debris from predominantly sedimentary rocks of
that region forming relatively tight deposits that have low specific yields.
Easterly of San Fernando Reservoir, Pacoima, Little and Big Tujunga,
Verdugo, and other streams along the northern edge of the valley have
deposited alluvial cones consisting almost entirely of coarse crystalline

debris of high specific yields from the San Gabriel and Verdugo Mountains,
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The coalescing alluvial fans from the major tributaries to the
north have pushed the Los Angeles River to the southern edge of the valley

and indications are that these conditions existed in the past.

Nonwater-Bearing Series

The nonwater-bearing series, which is made up of relatively
impervious formations that underlie and surround the more pervious for-
mations differs from the water-bearing series essentially in three res;;ects:
(1) the nonwater-bearing series is for the most part relatively impervious
and, therefore, stores comparatively little water which it yields to wells
very slowly; (2) where pervious beds or zones occur within the nonwater-
bearing series the movement of ground water and recharge from surface
outcrops is generally so restricted by faults, structural positlon, or
physical character of the materials that supplies obtained from such beds
or zones are too limited and of tco uncertain permanence to be comparsble
to ground water supplies obtainsble from the water-bearing series; and
(3) the quality of the water found in these formations is usually poor to
unusable, ‘

Several types of openings occur in the nonwater-bearing series,
the principal ones being: (1) original interstices in porous beds of
the sedimentary rocks; (2) interstices in the weathered zone; (3)
fractures and joint openings below the surface (including openings along
bedding planes and planes of schistosity); and (L) openings caused or

enlarged by solutlon of the country rock.
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In most places both the sedimentary and crystalline rocks are so
tight that they yield very little water to wells and consequently are of no
value except for domestic or stock-watering purposeé. The limited amount
of water contained in the nonwatef#bearing series in the hill and mountain
areas is available for transpiration and evaporation and support of effluent
stream flow, Since the rate of movement of water through *the nonwater-
bearing series is generally slow, water derived from one season!s precipi-
tation may be held over for use in ensuilng years. In a few places pervious
strata or fracture zones in the nonwater-bearing series may yield water
freely to wells, However, in most cases such production is short lived

because of the relatively small storage capacity and inadequate recharge.

Basement Complex

Basement complex is & term applied to the old, pre-Cretaceous
series of crystalline and metamorphic rocks that comprise -the basal for-
mation within the region. It is chiefly composed of igneous granitic rocks
and various intrusive dikes, together with thelr related metamorphic phases,
such as schists, gneisses and slates. It comprises the main mass of the San
Gabriel Range and Verdugo Hills to the north, as well as portions of the
San Rafael Hills to the east of the area, and the Santa Monica Mountains to
the south. These rocks have an average porosity of less than one percent.
The permeable openings have developed since the formation of the rocks.
Below the soil mantle, the openings are principally joint fractures, cracks
along the planes of schistosity and fractured materials near faults. Joint

cracks are confined chiefly to the zone of weathering and die out rapidly
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with depth, Cracks along planes of schistosity diminish in number and
become tighter below the weathered zone.

The schistose rock, which includes gneisses, schists and slates,
has a relatively poor yield of ground water but is better than the more
massive granites, Rocks of these types crop out principally in the Santa
lMonica and San Gabriel Mountains. OSmall continuous flows are obtained from
a number of tunnels which have been driven into these rocks along the
southern base of the San Gabriel Mountains. Water seeps into the tunnels
from cracks in crushed zones or along planes of schistosity, Experience
in driving tunnels into these banded crystalline rocks has shown that water
pockets exist in crushed zones with water stored under rather high heads.
As the stored water drains, the flow gradually diminishes. Permanent flows
from tunnels up to 700 feet long in this rock unit seldom exceed 20 to 30

gallons per minute.

Upper Cretaceous Sediments

The Chico férmationé/ found in the hills and mountains around the
northwestern perimeter of the valley floor consists of compacted and
cemented marine deposits of massive, hard, coarse conglomerate with some
sandstone and shale in the upper portion and soft, red conglomerate gnd
sandstones of probable continental origin in the lower portion. In most
cases the original pores have been closed, making these rocks similar in
water~-bearing properties to the Basement Complex. Widely spaced jointing,
cracks along planes of bedding, and fractures furnish practically the only

avenues for percolation of ground water and most of these die out with depth.



Lower and Middle Eocene Sediments

The lower Eocene Martinez formation and middle Eocene Domengine
formation found in small outcrops in the mountains around the western and
northern portion of the valley floor are for the most part cemented marine
shales, sandstones and conglomerates. Their water-bearing properties are
similar to the upper Cretaceous Chico formation. These formations are not -

extensive and for the most part are impervious, therefore are unimportant

as possible sources of water.

Miocene Volcanics

Throughout the Topanga formation, volcanic flows and breccias
associated with intrusive sills and dikes are common. The flows and sills,
like the Basement Complex, are crystalline rocks but the breccias are
clastic deposits with high original porosity. Thin beds of impervious
bentonitic tuff are relatively common in the Modelo formation.

Jointing due to shrinkage that accompanied cooliné and subsequent
deformation of the solid lavas has shattered many of them to such an extent
that they have become more or less permeable. The breccias apd tuffs are
noﬁ completely cemented and are also permeable. It is possible that where
lavas lie beneath the water table but are within reach of shallow wells,
good domestic supplies, and in a few instances sufficient water for loeal
irrigation purposes, may be obtained.

Distribution of the volcanics, which generally occur in
comparatively thin beds and often in positions unfavorable for storage of

water, limits the usefulness of these rocks as ground water reservoirs in
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the area, Supplies available from this source are relatively small and in

terms of tobal water available are considered negligible.

Uvner Miocene, Shales, Sandstone and Conglomerates

The Modelo (Puente) shales which crop out over a large part of the
intermediate hills and Santa Monica Mountains are characterized topo-
graphically by moderate to low relief with comparatively gentle slopes.

The scil mantle is only a few feet thick, is very clayey and overlies a
relatively thin weathered zone. The original pore spaces in the shales
have in large part been closed by cementation but where they still exist
they are too small to permit percolation of water through them, Production
of water from the shales is very limited, Some deep wells obtain small
quantities of water from the Modelo in the Calabasas area. Water from this
scurce is of poor quality as it exceeds the recommended limits for total
diszolved solids (1,000 ppm) sulfates (250 ppm) and magnesium (125 ppm) as
set forth by the U. S. Public Health Service.

‘e lodelo (Puente) sandstones are interbedded with the shale
mombers. Their outcrops are bolder and their slopes are steeper than the
shale but otherwise their topography is similar. The sandstones as a rule
are rather massive and well cemented. At the surface their weathered out-
crops are yellowish brown with prominent partings along contacts between
beds and are cut by widely spaced joints. GCenerally the unweathered sand-
stone is gray, well cemented and has such a low porosity and permeability
as to be considered impervious., There are some sandstone beds that are

poorly cemented, These beds permit the storage and movement of small



guantities of ground water. Ground water in the sandstones, like that in
the shales, originates from rainfall. The conglomerates of the Modelo for-
mation are generally confined to the lower portion of the formation. A
basal graywacke is well developed where the Modelo formation overlies the
Santa Monica slate. The graywacke is massive and is resistant to weather-
ing. It commonly crops out in a vertical wall 20 to 30 feet high.lg/
The conglomerates are well indurated and have a relétively low permeasbility.

Although the greater part of the Modelo sandstones and conglomer-
ates are comparable to the shales in their lack of water-bearing properties,
outerops of pervious sandy and gravelly beds indicate that the sandstones
are not entirely impervious throughout.

The presence of many faults and enclosed structures, together
with the lenticular nature of the permeable beds, prevents deep circulation
and replacement of the original (connate) salt waters of the formation by

fresh surface water.

Pliocene Deposits

Pliocene deposits of the Repetto and Pico formations consist of
clay and silty shales, and soft, fine sandstones which unde}lie the water-
bearing series beneath portions of the valley floor and are exposed at
verious places in the hills in the northern portion of the area.

Generally, the pore spaces of the Repetto and Pico formations are
too small to permit any appreciable movement of ground water through them;
however, poorly consolidated marine sandstones and conglomerates with high
porosity are present. Although the Saugus beds of this type (Sunshine Ranch

formation) are considered to be a part of the water-bearing series, these beds
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are separated from the water-bearing portion of the Saugus formation by
thick shale members, and belong to the nonwater-bearing series.

The ground water contained in the pervious beds near the surface
is derived prineipally from rainfall, and percolation from stream beds.
Pervious beds of the Repetto and Pico formations beneath the water-bearing
series, but separated from them by shale bodies, generally contain waters
too high in dissolved solids to be used for domestic or irrigation purposes.
Because these beds outerop as lenses between finer deposits and have both
small recharge of usable water and limited storage capacities, they are

unimportant sources of ground: water.

Water-Bearing Sediments

Ground water occurs in three principal water-bearing series: the
Pleistocene Saugus formation (including upper Pliocene Sunshine Ranch
formation), late Quaternary Older alluvium (inecluding Pacoima formation and

terrace deposits), and Recent alluvium.

Lower Pleistocene Saugus Formation

The Saungus formation in the San Fernando Valley is generally
restricted to marine and terrestrial deposits of probable lower Pleistocene
age (Oakeshott, 1958)3/ usually lying with angular unconformity on forma-
tions of all ages from the Basement Complex to the Pico formation.

The Ssugus formation crops out in the hills and southern flanks
of the mountains along the northern portion of the valley floor and under-

lies the other water-bearing sediments. The maximum thickness is 6,400 feet
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as measured on the east side of Lopez Canyon. Two miles east of Little
Tujunga Canyon the formation thins rapidly to 2,000 feet. The formation
also thins in a southwesterly direction to about 3,p00 feet at San
Fernando Reservoir. There are no outcrops of the Saugus formation in
the Santa Monica Mountains, Simi Hills or Verdugo Mpuntains, indicating
that the formation is restricted to the northern po;tion of the valley.

The water-bearing portion of the Saugus formation consists of
light-colored, poorly sorted, loosely consolidated conglomerate and
coarse sandstone, commonly crossbedded, which were deposited as fluvia-
tile and alluvial-fan sediments. Throughout the Saugus formation layers
and lenses of clayey gravel were formed by in~place weathering of the
original materials.

In general, the water-bearing capacity of the Saugus formation

is somewhat lower than the Older alluvium (terrace deposits).

Upper Pleistocene Older Alluvium (Terrace Deposits)

The lower, more folded portions of the Older alluvium ha?e been
differentiated by some investigators from the less folded deposits and
the name, Pacoima formation, (Oakeshott, 1958),3/ has been proposed for
this early-to-middle Pleistocene deposit. Except for the more pronounced
folding and overthrusting of Basement Complex, there is little difference
between this unit and the remainder of the Older alluvium.‘

The Clder alluvium was derived from deposits left by modern
streams in earlier cycles of erosion with the sources little different

from those of the present streams. With the exception of the remnants
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uplifted and partially eroded around the periphery of the valley floo;,
deposition has been nearly continuous to the present time,

Lithologically, the materials in all the Older alluvium and
terraces are broadly similar, consisting of brownish-to-grayish, dirty,
unsorted, angular-to~subangular detritus entirely of local owigin., There
are numerous breaks in the deposition of the material during iwhich time
extensive weathering took place, forming horizons of ancient soils.
Consolidation is poor and the deposits are only locally cemented.
Deposition of alluvial materials now taking place indicates that topography
and drainage were closely similar when the Older alluvial deposits were
being laid down. The belts of terrace deposits are broader than present
strean deposits in some places and were probably formed by streams flowing
at slightly lower gradients and in broader valleys. This would be a logical

explanation, in part, for the finer-grained nature of some of the Older

alluvium as compared to the Recent deposits. The main explanation for the
higher clay content is the formation of residual clays by weathering.

The water-bearing character of these deposits is varigble,
depending upon the source area, West of the vicinity of San Fernando
Reservoir and along the south;rn boundary of the valley, local streams from
the hills have deposited fine debris from the predominantly sedimentary
rocks of that region. East of San Fernando Reservoir, Pacoima, Big Tujunga,
Little Tujunga, Verdugo, and other streams have deposited alluvial cones

which consist almost entirely of coarse erystalline debris from the moun-

tains to the north.
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Recent Alluvium

Rejuvenation and increased gradient of the streams tributary
to the los Angeles River at the close of Pleistocene time have accelerated
erosion from the mountains and deposition in the valley. Recent depos}ts
east of Pacoima Wash and north of the Los Angeles River consist of pre-
dominantly coarse, thick accumulations of boulders, gravels, and sands
in coaleseing alluvial fans, becoming finer grained as distance increases
from the canyon mouths. West of Pacoima Wash and south of the Los Angeles
River the sediments are derived frem predominantly sedimentary rocks and,
are finer grained, and deposited in much the same manner as the underlying

Older alluvium.

Character of Quaternary Water-Bearing Alluvium

As previously stated, the sediments in the western portion of
the valley floor are of a different nature than those found in the eastern
portion and, therefore, have different water-bearing characteristics.

From the logs of wells available, it was not possible to dis-
tinguish the Saugus formation from the Older alluvium, with the exception
of the Sylmar Hydrologic Subarea, so it was assumed that in all other
areas the two formations had similar water-bearing characteristics.

Well logs show the western part of the valley floor to have an
average of about 75 percent ciay, 5 percent sand, and 20 percent gravel.
Although the smaller streams of this area pfobably bring down consider-
able fine material, the low percentage of sand compared to gravel sug-

gests the finer grained components have been decomposed to clay. These
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sedimentary materials probably break down more readily under the influ-
ence of weathering than do the crystalline rocks in the eastern portjon
of the valley. An average analysis of material from wells of the coarser
crystalline material in the eastern portion of the valley floor shows 20
‘percent ¢lay, 35 percent sand, and LS5 percent gravel. These deposits
were originally coarser than those farther west and apparently do not

break down as quickly through weathering.

Struqtural Featu:es

The structure-of the Upper Los Angeles River area is rather
complicated. The rough surface topography of the Basement Complex and
extensive folding and faulting of the rocks in the hills and mountainsg
indicate that the older rocks beneath the alluvium of the valley are
folded and possibly faulted; therefore, the overlying alluvium has a
variable thickness. With the exception of the faulting and folding along
the northern half of the valley, there is no definite evidence that any

of the other faults or folds have influenced the Recent alluvium.

Faulting
Structure of the area is deminated by the San Gabriel fault

system. The north dipping, reverse or thrust faults of the Sierra Madre
fault zone of the San Gabriel Mountains and Santa Susana thrust fault in
the Santa Susana Mountains on the north, and the faulted anticlinsgl

structure of the Santa Monica Mountains on the south, are alsc important
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features. The locations of the faults described herein are shown on Plate

I and appear in the cross sections shown on Plates 5, and 5A through SH.

San Gabriel Fault Zone, The San Gabriel fault zohe has strong

topographic expression, the faults appearing prominently on aerial photo-
graphs because of displaced geologic units, offset drainage, strike vali
leys, notched ridges, subparallel faulting, fracturing and folding. The
major fault plane can be seen in Pacoima Canyon along Little Tujunga Road
where the fault zone is marked by slivers of the lower Eocene Martinez
formation sliced intc crystalline rocks. There is no evidence to indicate
activity on the San Gabriel fault in Recent time, and even late Quaternary

terrace deposilts seem unaffected.

Verdugo Fault Zone. The Verdugo fault zone along the south edge

of the Verdugo Mountains, approximately parallel to San Fernando Road, and
the Eagle Rock fault to the east appear to be a part or related to the San
Gabriel fault system. Good exposures of the Verdugo fault can be seen at
the base of the mountains just north of Burbank., It is plainly exposed

on either side cof a ravine for 50 to 75 feet; it dips 70 degrees south.
Older reddish brown consolidated Quaternary gravelly sand is sharply down
faulted against Basement Complex. Brecciation, gouge and calcitic vein
material all occur in the fault, This fault extends under the alluvium
along a line extending along the southern foot of the Verdugo Hills to

the south of the Pacoima Hills, an outlier of the Verdugo block.
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Subordinate to this major fault, but possibly important to conirolling
grourd water movement, is another fault that strikes along the course of
La Tunaz Canyon and spparently merges with the Verdugo fault near the

intersection of San Fernando Road and Sheldon Street.

Sierra Madre Fault Zone. The Sierra Madre fault zone is a series

of discontinmuous reverse or thrust faults from the Santa Susana fault on
the west to the Rowley fault zone on the east. These comprise, from west
to east, the Santa Suszna, Grapevine, Sombrero, Hospital, Buck Canyon-Watt,
an unnamed fault in upper Kagel Canyon, Lopez, Sunland, and Rowley fault.g/
"Sierra Madre" comes from an old name for the San Gabriel Mountains, not
from the town of Sierra Madre.

The fault zone is a series of curved, convex southward, reverse
faults, which separate nonwater-bearing sedimentary and pre-Tertiary
erystalline rocks on the north from the Cenozoic sedimentary formations on
the south. The faults are discontinuous and of variable dip from 15 degrees
to vertical; all dip northward with the older sedimentary and crystalline
rocks thrust upward toward the south over sediments as late as the mid-
Pleistocene Pacoima formation of the water-bearing series. Displacements
have essentially been of the dip-slip type and are as great as 2,000 feet
on any one fault. Displacement rapidly dies out as a strike of each of

these reverse faults changes from the general east-west trend to a more

northerly trend.

Northridge Hills Fault. The Northridge Hills fault is a high-

angle fault. Its existence is based primarily on the numerous oll test
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holes which have been drilled in the Northridge Hills, Logs of these wells
indicate that the Modelo formation has been displaced betwsen 500 and 1,000
feet along the dip of the fault. The apparent movement along the fault has
been dip-slip with the north block down. Numerous small drag folds in the
form of anticlines and synclines have been formed along the fault. The
apparent surface trace of the fault can be found ir the Cretaceous Chico
formation northerly of the town of Chatsworth. Sparse information indicates
an effect on the movement of ground water west of Sepulveda Boulevard.

There is no apparent effect of the fault east of Sepulveda Boulevard., This
could be explained by the removal of materials and subsequent deposition of
the coarse-grained deposits by Pacoima and Tujunga Washes, The Northridge
Hills fault may be an extension of the Verdugo fault or the La Tuna Canyon
fault as the structural pattern suggests; however, there are no data to sub-

stantiate this hypothesis.

Mission Hills Fault. A minor fault zone comprising three faults

is perfectly exposed in Sepulveda Boulevard road cuts Just east of Lower
San Fernando Reservoir in the Mission Hills., It is believed that these
faults are related to both the San Gabriel and the Sierra Madre fault
system. Most southerly of these fault planes is a 60-degree south dipping
reverse fault with rocks of the Modelo formation on the north limb of the
Pacoima Hill anticline thrust over the lower Pliccene Repetto formation.
The next fault north dips 55-degrees south and has thrust Repetto sandstons

over fossilifercus sandstone of the middle Pliocene lower member of the
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Pico formation. The most northerly of the group is a normal fault dipping
75-degrees north, with upper Pliocene beds down dropped. A north dipping
Mission Hills thrust fault south of Lower San Fernando Dam is postulated
on the basis of an anomalous geologic section reported for Universal

2/

Consolidated 0il Company Panorama 1 (Ozkeshott, 1958). If such a fault
exists, it might be expected to have similar features to faults of the
Sierra Madre zone. That is, its trace should be convex southward, its
trend should turn to the north around the eastern end of Mission Hills, it
should dip about LO to 50 degrees, and it should die out within a mile or

two, both east and west.

Pacoima Hills Fault, A well-exposed east trending normal fault

dipping 50 degrees north in the Pacoima Hills has brought Basement Complex
up on the south side against sedimentary and volcanic rocks of the Topanga'
formation. Four miles east in the Verdugo Mountains, these formations are
in unconformable contact. It is believed that this fault may be of small
displacement. Bailey and Jahns (195&)5/ projected this fault five miles
east as a buried extension along the south side of Tujunga Valley. However,
the most reasonable structural section shows no necessity for a Tujunga

2/

Valley fault (Oakeshott, 1958).

Raymond Fault. The Raymond fault separates the Topanga formation

in the northern upthrown block from the Puente formation in the south block.
It is mostly concealed by the Older alluvium along York Boulevard but evi-
dence of its approximate location is given by outcrops near the fault zone,

This fault is very likely a high-angle reverse fault, as shown by overturned
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beds in the Topanga formation along the Arroyo Seco. Overturned beds are
also present east of the area of investigation at Raymond Hill. Immediately
east of the Arroyo Seco the fault forms an escarpment 50 té.loc feet high
in Older alluvium; however, the surface of the alluvium west of the Arroyo
Seco apparently has not been displaced. Recent studies in the Eagle Rock
Subarea seem t; indicate that Older alluvium may have been displaced and
deformed by movement on the Raymond fault. The throw on this fault may be
in excess of 10,000 feet; however, only a small portion of this has occurred
in post alluvial time.

Studies made of the bedrock configuration of the Los Angeles
River channel indicate that movement along the Raymond fault has formed a
small knob in the center of the chamel to the north of the fault and a
down~dropped area to the south. This is shown on Plate 6, entitled
"Contours on the Base of Valley Fill". This feature may cause a constric-~
tion and may be the cause of the rising water which has beer noted in the

past in the vicinity of Los Feliz Boulevard.

Eagle Rock Fault. The Eagle Rock fault separates the Basement

Complex rocks to the north from the Topanga formation to the south. It
is a vertical or high-angle reverse fault with the north block up.E/ No
alluvium has been displaced by the Eagle Rock fault, indicating that
movement on this fault stopped before movement stopped on the Raymond
fault. The questionable extension of the Eagle Rock fault westerly to the

Verdugo fault is based on a step-like ground water cascade in the mouth
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of Verdugo Canyon. The general structural pattern also suggests that the

Eagle Rock fault may be related to the Verdugo fault systenm.

Effects of Faulting on Ground Water Movement. There are numerous

ways in which faulting may affect the movement of ground water. Some of
the more important are listed as follows:

1. Impervious rock may be brought into contact with the
water-bearing series thus reducing the underflow cross-sectiocnal area.

2. Continuous pervious strata in the alluvium may be offset
and made discontinuous.

3. Impervious gouge may be formed as a result of the grinding
action during a recurrent movement along the fault.

L. Repeated uplift and depression of one or both sides of a
fault block may allow alternate weathering of the surface deposits with
resultant formation of 1arg; quantities of impervious residual clay in
the vieinity of the fault.

5. Strata may be folded or overturned so that their position
is unfavorable for percolation of water through them.

6., Fault fractures may be sealed by chemical deposits.

7. Brittle material may become cracked or brecciated thus
creating a more permeable condition along the line of faulting which allows
the zone to gct as a conduit and carry water. This condition has been
observed tolexist to a minor extent in the viecinity of the water supply
tunnels in the Verdugo Subarea.

A combination of all but the first and last phenomena is

believed to have resulted in the formation of an impediment along the
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Verdugo and La Tuna Canyon faults, Extensive research and work has been
done by the Los Angeles County Flood Control District on the effect of these
faults on their spreading operation of water from Hansen Dam.é/

Foldin

In the San Fernando Valley regional dips of the sedimentary
formations are away from the pre-Cretacecus erystalline rocks which form
the hills around the valley. Unconformities between the successive
Cretaceous, Tertlary and Quaternary formations show that orogenic moven}ents
took place locally at various times ,' but the mid-Pleistocene orogeny
overshadowed all of the others in intensity. During the i‘au:!:bing and the
accompanying folding the crystalline rocks behaved essentially as a com-
petent block undergoing ini;ermittent elevation with adjustments within the
block accompanied by faulting, shearing and fracturing. Around the margins
of the Basement Complex the sedimentary strata reacted according to their
competence and the local intensity of the stresses a;pplied by developing a
series of discontinuous folds closely related to the faults,’ .-Commonly,
local synclines are developed on the down-dropped fault blocks and anticlines
on the upthrown blocks.

The dominant fold structures affecting the storage and flow of
underground water in the San Fernando Valley are located only a;long the
northern border of the valley. Inasmuch as the other folds have little or
no effect on the ground water, no extensive study was made of them.

The Little Tujunga syncline (Plate 5J), located between the Verdugo

Mountains and the San Gabriel fault, is one of the principal structural
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features along the north edge of the valley. The axis of this fold closely
parallels the trace of the Sierra Madre fault zone, following it with a
west northwest trend in the area Ffrom Tujunga to the Veterans Hospital at
Pacoima Canyon; where it has been overridden by the crystalline rocks
along the Hospital fault. Contimuing westward, the axlis changes to a south-
west trend paralleling the northeastern end of the Santa Susana fault. For~-
mations along the south limb dip northward at angles from 25 degrees to 80
degrees; the north limb is very steep to overturned and has minor folds
superimposed on it. Saugus beds are overturned in several places along the
Lopez fault, particularly in.upper Lopez Canyon, Overturning of the Saugus
formation is general aleng the Sunland fault where the north limb of the
syncline has been almost completely cut out by the fault.

The Verdugo Mountains, Pacoima Hills and Mission Hills comprise
the remnants of an elevated, faulted anticlinal block trending north 75
degrees west across the northern part of the valley. Structurally, the
highest part of this block is in the central part of the Verdugo Mountains,
where granitic rocks are exposed, This structure is flanked by the Topanga
and Modelo formations, plunges westward to the vicinity of Hansen Flood
Control Dam, is faulted up to expose granitic rocks and the Topanga for=
mation in the Pacoima Hills, and plunges west downward to an estimated
8,600 feet in the next four'miles (Oakeshott, 1958) .2/

The most prominent fold of the Mission Hills is the east trending
Missi..on Hills anticline just south of lower San Fernando Reservoir, which
exposes diatomaceous shale of the Modelo formation at the southeast end of
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the reservoir, This fold may be the result of drag on the Mission Hills
thrust fault. The strong westward plunge of this structire is indicated
by Repetto, lower Pico and upper Pico beds which successively overlie
exposures of the Modelo formation on the north, west and south limbs of

the anticline, The north and south limbs are faulted and complicated by
numerous minor folds in the incompetent Modelo shale. For two miles north-
west of the Mission Hills anticline, Saugus beds dip continuously northward

on the séuth limb of the western expression of the Little Tujunga syncline.

" To the west of San Fernande Reservoir, the sediments of the water-bearing

Saugus formation are folded into a series of anticlines and synclines
trending about north 70 degrees west.

Geophysical studies of nonwater-bearing formations in the western
portion of the San Fernando Hydrologic Subarea made by various oil companies
show a series of three synclines with two intervening anticlines in the
nonwater-bearing formations that have an easterly plunge. This structure is
somewhat simpler than was originally postulated by Eckis in Bulletin hf.;/

The Elysian Hills anticline, which is located on the southerly
gide of the Los Angeles River Narrows, is of interest in that continued
movement on this feature after the mid-Pleistocens orogeny may have caused
the "reversed gradient" on the base of the water-bearing series in the
Narrows area; however, there is no evidence of movement in Recent time.

This "reversed gradient" feature shows the profile on the base 6f water-
bearing materials lower in elevation near Colorado Boulevard than at
Figueroa Street or Gage F-57, This is shown on Geologlc Cross Section M-M!

and Plate 6, Contours on the Base of the Valley Fill. Another explanation
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of this feature could be that the Arroyo Seco flowed northerly into the
San Fernando Subarea for a period of time in the mid-Pleistocens.

' A small anticline in the Modelo formation in the Hidden Hills
area north of Calsbasas is worthy of description. This fold is fairly
tight and is best traced by a sandstone bed. This fold plunges steeply
toward the north. Water wells drilled into the flanks of the anticline
yield very little water, while wells drilled along the crest encounter
fractured rock and have much better production (80-100 gpm). This water
is of poor quality. Contimued production of water in this area has re-

sulted in an abnormally high decline in water levels.

Configuration of Base of Valley Fill

The configuration of the base of the valley fill is shown by the
contours on Plate 6. The contour locations were developed from logs of
approximately 200 wells in which elevations of the base of the water-bearing
materials could be determined. The determination was made by subtracting
the thickness of the waber-bearing materials indicated in the well logs
from the surface elevation of the well. The elevation of the well was de-
termined either by survey methods or interpolated from the U.S.G.S. 7-1/2
minute quandrangles that cover the valley area. The nonwater-bearing
materials noted in the well logs were shale, sandstone, conglomerate or
granite. Since it was not possible to locate the poorly consolidated
Saugus formation from the well logs it is assumed that this formation is
included in the volume of water-bearing materials in the San Fernando

Hydrologic Subarea. The Sylmar Hydrologic Subarea is entirely underlain



by the Saugus formation, which extends, in the northern part of the
subarea, to a depth in excess of 6,000 feet,

No Saugus formation has been detected at depth in the Verdugo or
Eagle Rock Hydrologic Subareas,

San Fernando Hydrologic Subarea

The contours on the base of the valley f£ill (Plate 6) in the
western portion of the subarea in the vicinity of Arroyo Calabasas and Bell
Creek seem to indicate the existence of an old dralnage system which was
located somewhat southerly of the present drainage channels, This ancient
drainage appears to have flowed northerly, east of Aliso Canyon Wash into
the deep portion of the basin which is traversed by the Southern Pacific
Railroad (S,P.R.R.).

The depth of water-bearing material is unknown in the central
and eastern portion of the subarea, but probably extends to depths of
1,000 %o 1,500 feet. 4An anomalous dome-like feature is present. in the
vicinity of Lankershim Boulevard and Vanowen Street. The cause of this
feature is unknown; however, its presence is indicated on Figure H-l,
Appendix H, GCeophysical gravity studies by Corbato ,Z/ also show this
anomaly., The Tujunga Wash area is underlain by nonwater-bearing formations
at depths to about 90 feet below ground surface. Soutl; of Hansen Dam,
well 490LA, whieh is 226 feet deep, failed to reach nonwater~bearing for-
mations, The exploratory work performed for Hansen Damg/ indicates the
presence of Modelo formation at depths of 90 to 170 feet along the axis

of the dam,
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The amount of offset in the nonwater-bearing materials along the

Verdugo fault south of Hansen Dam is not known due to a lack of deep wells
with logs. In the Sunland area, which is adjacent to Big Tujunga Wash,
there is an qffset in the nonwater-bearing formations amounting to about
30 feet. The location of this offset is in grid coordinates L4983. This
feature may be due to faulting which is evident in the hills to the north-
east and southwest of this feature.

In the vicinity of the confluence of Verdugo Wash and the Los
Angeles River, the depths to nonwater-bearing material rapidly decreases
as the Los Angeles River enters the Los Angeles River Narrows, The reason
for this rapid change in the bedrock profile is not knownj; however, it has
been postulated that this feature is caused by a westerly extension of the
Eagle Rock fault, the scarp of which was modified by erosion prior to burial,
This feature is located in grid coordinates 390L, 391k, 3924 and 3934 and

shown on Plate 6,

Sylmar szrologic Subarea

The subarea is almost entirely underlain by the ?olded Saugus
formation which extends to great depth. Immediately below the Saugus for-
mation are the nonwater-bearing Repetto and Pico formations, The Repetto
formation is exposed in both banks of Pacoima Wash at the Pacoima submerged
dam, located in the vicinity of well 59894, These outcrops and their westerly
extension constitute the eastern portion of the scuthern boundary of the -
subarea, Although the Saugus is underlain by the Pico formation in the
Mission Hills, the western portion of the southern boundary is believed to
be within the lower Saugus formation where impervious beds prevent lateral

movement of ground water. The Repetto, Pico and Saugus formations dip
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approximately 60 degrees to the north and drop rapidly in elevation
under the water-bearing materials,

The Stetson Sombrero No. 1,12/ drilled by Sunray 0il Corporation:
(1950) in the proximity of well 5937 in the northern part ;f the subarea,
penetrated 12,027 feet of sediments reported to be gontinental Saugus.
Dipmeter records of the hole indicate formation dips of about 45 degrees:
These data indicate that the thickest section of Saugus in the area is in
the vicinity of this test hole., The Little Tujunga syncline plunges

toward this location from both the east and west,

Verdugo Hydrolqgic Subarea

- Contours of the base of the valley f£ill (Plate 6) in the Verdugo
Hydrologic Subarea show several interesting features. The most important
of these is the existence of the buried channel eroded into the Basement
Complex of an ancestral Pickens Wash draining easterly into the Monk Hill
area, Under low water table conditions this buried channel carries all
tributary subsurface water. Under high water table conditions the south-
westerly bank is overtopped and subsurface flow in a westerly direction

is presumed to occur,

A second feature is the depression in the buried bedrock surface
in the vicinity of well 50580, The bedrock elevation at this location is
somewhat lower than the bedrock surface in Verdugo Canyon., This depression
may be due to displacement on the la Crescenta Valley fault. It is
interesting to note that the maximum depth of water-bearing materials is
about 54 feet at Verdugo well (3963) adjacent to the Verdugo submerged dam,
while upstream approximately 1-1/2 miles the depth of fill material has
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increased to a maximum of 190 feet, This decrease in the thickness of the
water-bearing materials is related to tilting associated with movement
on the Verdugo fault and/or the normal thinning of deposits at the toe

of an alluvial fan.

Eagle Rock Hydrologic Subarea

The configuration of the base of the valley fill in the Eagle
Rock Hydrologlc Subarea is not shown in detail on Plate 6 due to the small
area involved and to the 100-foot contour interval which was utilized on
the plate. A more graphic representation of the subarea is shown on
Geologic Cross Section S-S' on Plate SH, This section shows the deepest
portion of the basin to be located in the vicinity of the Raymond fault
and in the area of extraction from the confined artesian portion of the
basin. The configuration of the base of the valley fill along Colorado
Boulevard in the subarea is not known; however, the depth to bedrock for
a well located just northwest of the intersection of Colorado Boulevard
and Fagle Rock Boulevard was stated as 140 feet (well No. 333, U.S.G.S,
Water Supply Paper 219 field notes).gg/ The depth of the water-bearing
materials near the Raymond fault is about 200 feet,

Geologic Conditions Affecting
Occurrence and Movement of Ground Water

Geologic features greatly influence the occurrence and movement
of ground water within the Upper Los Angeles River Basin. TFeatures such
as faults, folds and lithologic variations have pronounced effects on

the water surface elevation and direction of movement.
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The source of ground water supply to the hydrologic subareas is
percolation of direct rainfall, surface runoff from valley areas and hill
and mounbtain areas, spread waters, Imported waters, and a minor amount
of underground percolation of water from the mountain masses to the
alluvium, Disposal of the supply, other than by export, evaporation,
consumptive use and surface runoff, is by relatively small amounts of
underflow out of the area at the Los Angeles Narrows and in the Pickens
Canyon area.

Both the Basement Complex pre-Quaternary sediments and volcanics,
which are known to underlie the area, are deep-seated and relatively
impervicus and any contribubion by ground water movement from them must
therefore be small. The investigation has revealed no evidence of sub~
surface outflow conduits other than through the Los Angeles Narrows to
the Los Angeles forebay of the Central Basin, and the subsurface underflow
from the Pickens Canyon area to the Monk Hill Basin of the Arroye Seco

drainage system.

San_Fernandp Hydrologic_Subarea

For purposes of discussion the San Fernando Hydrologic Suharea
is best divided into two general units on the basis of the type of alluvial~
£ill material preserit in each part. The valley fill of the western portilon
of the area is essentially fine-grained material derived from the
surrounding sedimentary rocks. The fine-grained nature of these materials
allows water to bé transmitted at a relatively slow rate, whereas the
eastern portion of the subarea has high ylelds and high permeabilities

and is composed of coarse detritus eroded mainly from the granitic Basement
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Complex. This eroded debris is generally very coarse; in places boulders
up to three feet in diameter are relatively common. The deposits are
essentially sand and gravel with some fines in the interstices, These
materials constitute about one-third of the surface area of the ground
water reservoir and contain about two~thirds of the water in storage in

the San Fernando Hydrologic Subarea,

Western Portion., In the western portion of the subarea, 'there

are several faults which may or may not have an effect on the movement
of ground water in the vicinity of Devonshire Street and Topanga Canyon
Boulevard in the proximiby of the town of Chatsworth. The most prominent
of these faults extends northeasterly beneath the valley f£ill., This
fault has displaced the nonwater-bearing materials forming a ground water
cascade on the order of 80 feet in height. The area is underlain at
shallow depths by Cretaceous sandstones northwest of the fault and the
Modelo shale at greater depth south of the fault, The small northwesterly
trending fault in the water-bearing series in this area must be inferred
in order to contour the ground water elevations in a logical manner, It
is not known whether the water-bearing materials have been affected.
This feature is parallel to the Northridge Hills fault and lies south
of it. Both faults have cut the nonwater-bearing Cretaceous sandstones
to the north.

The effect of the Northridge Hills fault on the movement of
ground water is unknown; however, the fault forms a barrier or partial

barrier to the movement of ground water either by offsetting permeable
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beds or by bringing less permeable materials cloger to the sgrface. The
upper portion of the easterly extension of the fault has presumably beep
removed by erosion by the combined action of Pacoima and Tujunga Creeks.

The small arcuate fault shown westerly of the intersection of
Balboa Boulevard and Ventura Boulevard has no knbwn effect on the movement
of ground water. The existence of this fault is based primarily on the
apparent vertical offset of the upper member of the Modelo formation that
crops out on the north side of the fault.

An area of shallow ground water levels is present in the western
portion of the hydrologic subarea, The area is bounded on the east by
Reseda Boulevard, on the south by the Los Angeles River and to the west by
De Soto Avenue., The northern boundary is somewhat L-shaped following
Saticoy Street to the vicinity of Tampa Averue then northerly to Parthenia
Street. This area was studied in deteil by the United States Department
of Agriculture Soil Conservation Service, Research, during the period
1947 through 1950.22/

Their investigation pointed out the following conclusions: water
level fluctuations in the piezometers installed by the Soil Conservation
Service are cyclic with precipitation; these water levels also respond to
irrigation water applied in excess of the consumpbive use; and deep artesian
and/or pressure wells within the area leak into the shallow zone to the
extent that small ground water mounds were developed around certain wells.
The source of the confined water appears to be from aquifers in the Saugus
formation. The Saugus formation presumably underlies the alluvium at
relatively shallow depths. These aquifers are recharged by precipitation

on the surface exposure of the Saugus formation to the north.
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Small locallzed pressure effects found in the western portion

of the subarea are due to gravel lenses confined by clay strata.

‘Eastern Portion. The permeable character of the alluvial-fan

deposits below Hansen Dam has been altered by faulting. Gravel beds
displaced by thin clay seams in the fault planes have been observed at
the 130 foot level in the Arrow Rock Products gravel pit south of well
L916B, These sheared gravels do not represent the main trace of the
Verdugo fault; however, they illustrate how the associated faults may act
as partial barriers to the movement of ground water,

There are two steps in the water surface in this area. The
first step is immediately below Hansen Dam and appears to be a ground
water cascade flowing over the northerly dipping Modelo sandstones and
into the deeper portion of the area near the gravel pits., Well L9k,
located about 1,000 feet south of Hansen Dam, and the exploratory drill
holes for the dam indicate that water-bearing rocks are at about 900 feet
elevation, whereas approximately 10,000 feet south of Hansen Dam near
the Verdugo fault zone the base of the water-bearing series is about 600
feet deeper, lying between elevation 200 and 300 feet above ses level.
The water surface drops about 300 feet in elevation between the_axis of
the dam and wells in grid L4916,

As of January 20, 1945, there was a T5-foot difference in the
elevation of the water table observed between wells L4895 and };905A, These

wells straddle the Verdugo fault and are 3,000 feet apart. The difference
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in ground surface elevation between the wells is 28 feet. Considering
the high permeability of the aquifers tapped by these wells and the lack
of heavy draft in the area, a water table with an overall slope of 150
feet per mile, about 2-1/2 times as great as the surface slope, seems
improbable when compared to the normal watgr 'babie slope in the northern
part of San Fernando Valley which ish about 15 feet per mile or about one-
third the surface slops, These facts alone warrant the assumption that N
the Verdugo fault zone is & partial barrier to the free underflow of
water. Observations of this condition were initially reported by Warren
N, Thayer of the Los Angeles County Flood Control District in a report
dated March 15, 1945, entitled "A Resume of Present Knowledge of Ground
Water Conditions in the Vicinity of Hansen Spreading Grounds ".'é/

Between the southeastern corner of the Mission Hills and the
southwestern side of the Pacoima Hills, there is a very sharp break in
the water surface of approximately 250 feet. This discontinuity in water
levels is discernible between wells L4841 and 4842, This feature is
assumed to be a ground water cascade due to a difference in the elevation
of the nonwater-bearing materials. Very little is knowm about this
feature due to a lack of well data in the vicinity.

Another ground water cascade is present in the Sunland area

adjacent to Tujunga Wash. This cascade apparently is due to faulting in

A-ll



the nonwater-bearing series with the water surface being about 50 feet
lower on the Tujunga Wash side of the feature.

A step-like water surface is present below the Verdugo submerged
dam of the City of Glendale. The steps in the water surface are due %o
offsets in the Basement Complex along the Verdugo fault zone. No evidence
of the faults forming a barrier to the movement of ground water has been
found. The water surface elevation at Verdugo well 39634 is generally about
90 feet higher than well 3963, which is located about two-thirds of a mile
downstream, and the water levels at well 3954 are 250 feet lower than at
well 3963. Well 395L is about two-thirds of a mile downstream from well
3963.

The water-bearing deposits of the Los Angeles River Narrows are
very permeable. The City of Los Angeles has two well fields in the area.
Due to heavy pumping, large depressions or pumping holes have been created
in the ground water surface. The largest of these pumping depressions is
located at the large bend in the Los Angeles River where the river begins
its southerly course through the Narrows. This well field, called the
Crystal Springs well field, and the City of Glendale Grandview wells imme-
diately north of the Crystal Springs well field, have created the pumping
depression indicated on Plate 30. The second pumping hole, created by
heavy pumping of the Pollock well field of the City of Los Angelss, is not
shown on the plate due to its being developed during 1959 and 1960.

The rising water which has occurred historically is due in part

to the reduction in the cross-sectional area as the stream approaches the
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F-57 gage. The maximum depth of water-bearing materials at Huron Street
(Gage F-57) is about 110 feet, whereas the maximum depth at the Pollock
well field is 260 feet. A comparison Bf the two areas is showm by sections
K-K' and L-L' on Plate 5D. °

Some instances of rising water have been noted in the past in
‘the vicinity of Los Feliz Boulevard. This occurrence is probably due in
part to a constriction or reduction of the cross-sectional area of water-
bearing materials. The constriction is caused by the small buried hill
of nonwater-bearing material which is depicted on Plate 6, Contours on the
Base of the Valley Fill, and is located just downstream from Los Feliz

Boulevard.

Movement of Ground Water. The slope of the water surface and

direction of ground water movement in the unconfined zones of the San
Fernando Hydrologic Subarea is easterly téward the Los Angeles River
Narrows. Ground water contours for the fall of 1931, 1938, 19LL and 1958
are shown on Plates 27, 28, 29 and 30, respectively. The direction of
movement of ground water is normal to the contours and downslope thereffm.

The waters in general move away from the surrounding hill and
mountain groups where the runoff percolates into the porous portions of the
alluvial fans. The water then in transit moves downward to the main water
bedy.

Water level fluctuations in the San Fernando Subarea are depicted
by the hydrographs of wells shown on Plates 3L4 and 34B. The location of
the following wells utilized are shown on Plate 18:
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3600 3753 39388
36914 and C 38308 4838
Sylmar Hydrolo_gtic Subarea ’

Formatj_.ons. The nonwater-bearing rocks that form the northern
boundary of the subarea are composed essentially of Bassment Complex;
however, in the northwestern portion of the area, rocks of the sedimentary
Repetto formatlon are faulted against the Basement Complex. The Repetto
formation also oocurs along the aoutheasf;em boundary and again in the
Mission Hills (see Plate L), where it is overlain l;y a thin section of
nonwater~bearing Pico formation,

The water-bearing deposits in the Sylmar Subarea consist of the
Saugus formation, Older alluvium and Recent alluvium. The Saugus formation
is about 6,400 feet in thickness and is composed of strata that vary greatly
in terms of porosity and permeability. Some members of the formation make
good aquifers whlle others are aquicludes, The Older alluvium may have a'-
maximam thickness of between 500 and 1,000 feet west of the San Fernando
Vetérans Hospital. These materials are composed of coarse detritus derived
from the Basement Complex; however, in some places residual clays have
developed as a result of weathering., The Recent alluvium attains a
thickness of 50 to 60 feet in Pacoima Wash where the erosive action of
the stream has incised the previously mentioned water-bearing units and
then backfilled the eroded area with very coarss granitic debris, In the
remainder of the subarea, where Recent alluvium occurs it constitutes only

a thin veneer on top of Older alluvium and Saugus formation,
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Structure. The geology of the Sylmar Subarea is greatly
complicated by faulting and folding, The nonwater-bearing materials teo
the north of the subarea have been faulted and in part thrust southerly
over portions of the water-bearing Saugus formation, The compressive
forces that are related to the thrust faulting are also rela'beci to the
formation of the Little Tujunga synecline,(Plate 5J)the most important
feature of the subarea. At least 6,000 feet of Saugus formation and an
even greater thiclmess of older nonwater-bearing sediments have been
folded into an asymmetric syncliné with the north limb overturned. This
syncline has been truncated by erosion and covered by a veneer of Older
and Recent alluvium., The southeastern boundary of the subarea, as hereine
before nbted, is formed by the steep, north-dipping beds of the nonwaber-
bearing Repetto formation that is part of the same synclinal structure.
The Repetto formation is exposed in both banks of the Pacoima Wash at the
topographic constriction, which is the site of the Pacoima submerged dam
located aboub 2,5 miles south of Pacoima Dam. These strata continue
westerly under the cover of Older alluvium and are exposed in roadcuts
near the intersections of Gladstone Avenue and Maclay Avenue, and Footiill
Boulevard and Fernmont Street (see Figure A-1l). All-of the previously
mentioned outerops have similar attitudes, From the intersection of
Foothill Boulevard and Fernmont Street to the Mission Hills there are no
outcrops of the Repetto formation; however, the logs of wells 59698 and
L850B, located in this section indicate materials thought to be Repetto
formation at depths of 310 and 321 fee:b, respectively., These depths

A<h5



indicate that the wells are located westerly of the projected trace of the
- Repetto strata and are within the Sylmar Subarea,

Fleld Investigation. Within the seotion betwesn Foothill
Boulevard and Mission Hills there, is a very marked discordance in water
levels. In order to locate more accurately the break in the water surface,
20 bucket auger holes were drilled. Nine of the twenty holes were drilled
under the direction of and at the expense of the City of San Fernando s five
by the City of Los Angeles, and the remaining six by the Referce,
Representatives of the Soard were present at the drilling of all holes and
Prepared detailed logs of each boring. . The location.of the test holes ;.s
shown on Figure A-1l. The logs of the test holes are included in the well
log section of the basic data. The results of the drilling program were -
utilized to construct a peg model which aided the analysis, The boundary
cf the subarea was delineated in the gap area on the basis of water levels.
The analysis of available water level data, data obtained from tfle test
holes and the geology of the area indicate ths fellowing: ’

l. Water levels northwesterly of the break in the water surface
are about 50 feet higher than those to the southeast of the break (see
Plate 30).

2, Water levels northwesterly of the break are related to the
eroded ends of confined aquifers in the Saugus formation.

3. Water levels southeasterly of the brezk are free ground water
levels and are associated with coarse alluvial deposits which had the
Pacoima drainage as a source area.

L. The discordance in water levels is related to the eroded
south flank of the Little Tujunga syncline which has been covered with a

thin veneer of alluvium.
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5. Subsurface flow from the Sylmar Subarea tc the San Fernando
Subarea has been found to ocour only &t two places: namely, the Sylmar and
Pacoima Notches (see Plates 5 and 5H). There is hydrauvlic conbinuity
between the confined aquifere and"hhe veneer of alluvium that overlies the
eroded south flank of the Little Tujunga syncline.

6. Contimuity exists between the Sylmar and San Fernando Subareas
through the. saturated alluvium in the two notches.

7. The configuration of the break in water surface through the
Sylmar and Pacoima Notches is not sharp as would be caused by a fault but is
a steep gradient which is similar to that found in a _ground water cascade.

Occurrence and Movement of Ground Water. The information obtained
from the test holes greatly aided the understanding of the occurrence and
movement of ground water within the subarea. The noticeable pressure rise
of the water surface which took place in several of the test holes during
and immediately after drilling, coupled with the fact that there are
historic records of artesian flows for the Mission well field and the City
of San Fernando well field at Fourth and Hubb§rd Streets, indicate that a
confined water system exists within the Sylmar Subarea. A free ground water
area is present between the aforementioned well fields as determined
during the test drilling. All wells in the subarea derive their water
supplies from the confined aquifers of the Saugus formation. In 12 of the
test holes, the Saugus formation was penetrated before saturated materials
were reached.

There is a decline in water levels in the free ground water area
in the Sylmar Subarea coincident with heavy pumping of the Mission well field,
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Therefore, on the basis of the short period of record available, it is
concluded that the free ground water area is in hydraulie continuity
with the confined aguifer.

The Sylmar and Pacoima Notches (Plate 5H) are the principal
areas of subsurface escape from the subarea. The slope of the water
surface through the Sylmar Notch is suggestive of a ground water cascade
where small quantities of water are spilling over a relatively impermeable
lip or barrier. Data on the slope of the water surface below the Pacoima
Notch are not available. These two features are described in detail in
Appendix P.

The exact location and extent of the forebay or recharge area
for the confined aquifers are not definitely known; however, the porous
alluvrial deposits in Pacoima Wash are in a favorable position to recharge
the dipping aquifers of the Saugus formation which are in contact with
the stream gravels in the incised and backfilled portion of Pacoima Wash.
These permeable deposits act as a sponge, holding water for release into
the aquifers of the Saugus formation. Ground water contours (Plates 27
through 30) indicate that there is a slope of the water surface from
Pacoima Wash toward the lower portion of the subarea where the majority
of extractions are made. Routing studies made by the staff of the Board
on the Sylmar Subarea indicate that the water supply from Pacoima Creeck
that could remain in the water~bearing materials above the Pacoima sub-
merged dam would not be sufficient to maintain the water levels in the area

through a period of wet and dry years. Deep percolation of precipitatien,
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applied water and runoff from hill and mountain areas are alsc major sources
of recharge. Such recharge would percolate through the alluvial blanket and
enter some of the tiuncated aquifers of the Saugus formation.

The hydraulic gradient under static conditions indicates that it
is improbable that Lower San Fernando Reservoir contributes water to the
subarea. Records of well 1830, about 2,000 feet east of the reservoir, show
that water levels have dropped below elevation 1,120 feet (high water surface
of Iower San Fernando Reservoir) only six times between 1932 and 195h4. Under
punping conditions, the water levels are lowered about 90 feet and a favorable
gradient can be developed in various aquifers that strike between the Mission
well field and the lower San Fernando Reservoir. Information now available is
insufficient to support a conclusion that flow occurs under pumping conditions.

It is possible that movement of ground water in a westerly direction
can occur in the Saugus formation from the vicinity of Kagel and Lopez Canyong
which lie immediately to the sast of Pacoima Wash, since a favorable hydraulic
gradient exists and the synclinal structure of the Saugus formation plunges
westerly, The amount of water that could be derived from the Kagel-Lopez area
would be relatively small since the area of tributary drainage adjacent to the
permeable formation is small. Wells of the Glenhaven Cemetery, located in the
upper Kagel Canyon area, penetrated the Saugus formation to depths of approxi-
mately 900 feet. Since the yields of these wells are very poor and wate£
levels are declining, it may be inferred thal a ground water mining operation

exists.
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Since the recharge from the Pacoima Wash area, coupled with deep
percolation of precipitation and delivered water on the remaining surface
of the subarea, appears to have been of sufficient magnitude to maintain
water levels at their historic levels, historic recharge from lower San
Fernando Reservoir or Kagel and Lopez Canyons is improbable. However,
substantial withdrawal from the subarea might bring about conditions more
favorable to recharge from Lower San Fernando Reservoir,

Water level fluctuations within the Sylmar Subarea are
represented by hydrographs of wells 5939, 5969 and 59894, which are shown
on Plate 34C. Water levels in the lower portion of the subarea have only
declined about 25 feet below the 194l high water level.

Verdugo Hydrologic Subarea

The water-bearing materials of the Verdugo Subarea are surrounded
by a complex of granitic and metamorphic rocks which have been highly
fractured., Previous geologic work by Miller (l93h)él/ mapped the rocks
in two main groups, the Wilson granodiorite and the San Gabriel formation.
These units have been, for purposes of the report, called Basement Complex
because of thelr general lithologic similarity and nonwater-bearing
characteristics, The Basement Complex yields only small amounts of water
to springs and tunnels from fracture systems which in turn are supplied by
infiltration of precipitation, The overall average flow from each of these
tunnels and springs was estimated to be about 20 gpm during September 1959,

The valley f£ill is composed essentially of coarse detritus which

has been deposited in a series of coalescing fans. The principal source
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area has been the San Gabriel Mountains. Well logs indicate a fairly high
content of sand, gravel and boulders; however, mumerous notations indicate
that there is considerable clay in the matrix of soms of these materials,

It should be noted that the material in the area north of Foothill Boulevard
has a lower specific yield. Wells in this portion of the basin have much
lower productien than those loca£ed in the lower portion of the basin
(vicinity of Verdugo City and Montrose).

The northern portion of the ground water basin is traversed by a
member of the Sierra Madre fault zomne. This fault is not known to have dis-
placed any of the valley £ill materials., The la Crescenta Valley fault
bounds the southern portion of the valley £ill. This fault is inferred on
the basis of topograpny. The depression in the bedrock surface as shown on
Plate 6, Base of Water-Bearing Series, may be related to the existence of
this inferred feature.

Numerous faceted spurs along the Verdugo Mountains furnish addi-
tional criteria for postulating the existence of the fault., Miller (l93h)2;/
extends this fault dewn into Verdugo Canyon; however, evidence for such an
extension appears to be tenuous.

The m2in portion of the Verduge Basin represents a ‘graben between
the Sierra Madre and La Crescenta Valley faults, This graben has been modi-
fied by ercsion and connected to the San Fernando Basin by Verdugo Canyon.
In the canyon, bedrock is much nearer to ground surface at the submerged dam
than at the Glorietta well field, which is located in the upper reach of

Verdugo Canyon, This may be related to tilting caused by movements of the
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Verdugo fault. Historically, the occurrence of springs in the area above
the present day submerged dam is probably related to this reduction in
cross-sectional area of permeable material.

The Verdugo and La ‘Crescenta Valley faults are not known to have
affected the water-bearing series. There are no known natural impediments
to ground water movement other than a bedrock ridge which extends between
the mouth of Goss Canyon and the granitic butcrop located at the inter-
section of Foothill Boulevard and Briggs Avenue 1in the Vefdngo Subarea.

A series of cross sections and bedrock contours drawn through the
subares indicate that the bedrock is lower in the La Canada-Pickens Canyon
area and that a buried ancestral Pickens Wash slopes to the Monk Hill
Basin. Available ground water levels indicate that the ridge obstructs the
flow of ground water to the Verdugo Subarea under low water table conditions
such as in the fall of 1958; however, the water is above the ridge in high
water table years such as 19llL. )

Geologic studies to date do not indicate that there are any
sources of native ground water other than that which is derived from precip-
itation. No indications of juvenile water or water transported from outside

the watershed along faults or fracture systems have been found.

Direction of Ground Water Movement. The ground waters in the

Verdugo Subarea move southerly from the mouths of canyons in the San Gabriel
Mountains toward Verdugo Canyon. The majority of extractions of ground
water are made by wells of Crescenta Valley County Water District along

the southwest side of the area, by the (fity of Glendale in Verdugo Canyon
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at the Glorietta well field (3971), at the Verdugo submerged dam and finally
by the Verdugo well (3963A). There is also scme movement of ground water
from the Pickens Canyon area into the Monk Hill Basin, which is discussed
in more detail in Appendix F. |

Water level fluctuations within the Verdugo Subarea are

represented by the hydrograph of well 5058, which is showm on Plate 31,C.

Eagle Rock Hydrologic Subarea

The Eagle Rock Hydrologic Subarea is treated herein as & separate
ground water unit; however, it should ;be noted that-the computation
descripti'.on of hydrologic items for.this subarea were included with the
data for the San Fernando Subarea.

The Eagle Rock Subarea is located in the eastern portion of the
Los Angeles River drainage basin adjacent to the Los Angeles River Narrows.
The surface drainage flows generally towards the vicinity of Eagle Rock
Boulevard then southwesterly to the Los Angeles River. The total tributary
drainage of the area above the_l_,Raymond fault and its intersection with
Eagle Rock Boulevard is about 2,910 acres,

" The subarea 1s an artesian basin in which all present-dey pumping
is located at the lower end of the pressure area in the vicinity of York

Boulevard,

Formations. Topanga and Puente (Modelo) formations are the
principal nonwater-bearing rock units cropping out in the area surrounding

the water-bearing series, Highly fractured Basement Complex is present in
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the hill area north of the Eagle Rock fault and a gmall geverely broken
knob of the same material occurs on the north side .of York Boulevard
between Mt. Pleasant Street and Avenue L9.

The water-bearing materials are essentially composed of older
alluvial deposits of sand, gravel and considerable clay. Recent alluvium
only constitutes a thin veneer along the stream channels,

The Eagle Rock and Raymond faults are the main fault festures of
the area. The Eagle Rock fault separates the Basement Complex to the north
from the Topanga formation to the south and is a vertical or high-angle
reverse fault with the vertical movement in the magnitude of several
hundred feet., No alluvium has been displaced by the Eagle Rock fault.g/

The Raymond fault separates the Topanga formation in the northern
upthrown block from the Puente formation in the south block. The trace of
the fault is concealed'by the Older alluvium along York Boulevard but an
approximate location is indicated by outcrops near the fault zone. This
fault is very likely a high-angle reverse fault as indicated by the deformed
beds in the Topanga formation along the Arroyo Seco. There is no surface
indication that movement on the Raymond fault has affected the Older
alluvium; however, some movement must have occurred prior to the deposition
of the gravelly aquifer materials to cause the change from the -essentially
fine-grained materials of the lower aguiclude. It is quite probable that
traces of such movement have been buried during the deposition of the

upper aquiclude material (see Plate §H, section S-S!').
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Occurrence and Movement of Ground Water., A detailed study of

well logs, water level data and geology has lead to the conelusion that a
simple artesian basin exists in the Eagle Rock Subarea. The lower end of
the aquifer abuts against the Raymond fault and the nonwater-bearing Puente
formation. The pressure area extends northerly toward Colorado Boulevard.
Evidence for hydraunlic continuity was estzblished between well 3986B
located on Ridgeview Avenue and the only active wells (39874, 3987B, 3987C,
3987D, 3987E and 3987F) in the subarea, which are located 3,000 feet to the
south along the north side of the Raymond fault. A water level recorder
was installed on well 3986B during 1937 and 1938 by the lLos Angeles
Department of Water and Power. These records indicate a definite recovery
pattern when the active wells were not pumping over week ends and holidays,
The recorder charts for the weeks ending Merch 1, 1938 and March 8, 1938 are
interesting in that they show a recovery of 2,85 feet in 4O hours during
the storm of March 2, 1938, This recovery took place during the period of
the storm and indicates that the forebay or recharge area for the pressure
aguifer is in the near vieinity. Another water level recorder was installed
by the Referee on the same well from June 3 to June 6, 1960 and a record
was obtained that verified the earlier recovery pattern exhibited by the
los Angeles: Department of Water and Power recorder charts as being due %o
cessation of pumping over a week end, The starting or stopping of the
pumps of the wells at the lower end of the area affected the piezometric

surface in well 3986B within one hour.
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Due to a lack of data in the upper portion of the pressure area
northerly of well 3986B and in the forebay, an accurate determination of
the extent of the pressure area camnot be made at this time. For the pur-
poses of this study, it is estimated that the pressure area has an area of
approximately 250 acres and the forebay has an ares of about 530 acres.
Based on the above 250 acres in the pressure area, a thickness of 10 feet
and a specific yield of 19 percent, the storage in the pressure aquifer
is estimated to be L75 acre-feet. All wells located within the assumed
Pressure area have had a record of artesian flows.

Study of the U. S. Department of Agriculture Soil Survey of the
Los Angeles Area, Califormia, 1919,22/ indicates a long, narrow area of
Chino clay loam extending northerly in the vicinity of Eagle Rock Boulevard.

This organic soil probably represents an area in which there were
phreatophytes and hydrophytes. The water to sustain these plants would
represent the overflow from a full pressure aquifer. The aquifer being
full and having no additional capacity for the storing of water, any addi-
ticnal water would be rejected and would occur as effluent flow near the
upper limit of the pressure area. Pumping by the various defendants in
the lower portion of the pressure area would in effect create available
storage and would decrease the amount of effluent flow, thus'decreasing the
amount of water that would be lost in evapotranspiration or consumptive waste.
Another area of Chino clay loam is located on York Boulevard to the east of
the area covered in this report. It is not considered to be related to the

Eagle Rock Subarea as it is adjacent to the Avenue 50 drainage which is
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tributary to the Arroyo Seco., This feature is of interest in that its
presence has been caused by a constriction in the Older alluvium which would
exclude any appreciable amount of underflow from the east along York
Boulevard. Any underflow entering the Eagle Rock Subarea weuld have to pass
through a limited cross-sectional area that has a low average permeability
and under a very low hydraulic gradient of 0,003 which may or may not exist
between the Arroyo Seco and well 3987F,

The Eagle Rock artesian system is supplied from percolation of
runoff and deep percolation of applied water into the forebay area. This
area extends along Colorado Boulevard and esasterly of Eagle Rock Boulevard
along Yosemite Drive, These waters recharge the pressure aquifer which
has lost about four feet of pressure head since 1941 (measured at well
3986B), This indicates that the draft on the system has not been excessive
and that the subarea probsbly has not been pumped in excess of the safe

yield within the base period.

Direction of Ground Water Movement. The ground waters in the

Eagle Rock Subarea move southerly from the forebay areas into the pressure
area. The direction of movement within the pressure aquifer is southerly
to the vicinity of the pumping wells located along York Boulevard. There
is no knovn subsurface escape of ground water from the pressure aquifer.

Water level fluctuations in the Eagle Rock area are represented
by the hydrograph of well 3986B, which is the only well in the subarea

with a long period of well measurements.,
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Geologic Defensas ]
In compliance with Item I, 2, of the Order of Reference, a

detailed geologic study has.been made in comnection with those affirma~-
tive defenses, hereinafter referred to as geologic defenses, claimed by
certain defendants. The defenses are-listed as follows: '

A - Defendant has independent water sources
below bedrock,

B~ Dsi‘endant has independent water sources
in stratigraphic traps,

C - Defendant hag independent water sources
in fault block reservoirs,

D . Defendant takes water from source
unrelated to the Los Angeles River.

For purposes of this investigation, the preceding geologic
defenses have been analyzed and defined in accordance with accepted
geologic definitions.

Bedrock has been defined in Appendix A as constituting the
formations grouped within the nonwater-bearing series. The formations
within the nonwater~bearing series do not absorb, transmit or yield water
readily, These formations are:

Basement Complex rocks,
Cretaceous and Tertiary sediments of the
Chico, Martinez, Domegine (Meganos),
Topanga, Modelo (Puente), Repetto and
Pico formations,
Stuatigraphic trap is defined in the American Geological

Institute Glossary of Geology and Related Sciences, 1957, as "A type of
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trap which results from vardation in lithology of the reservoir rock, a
termination of the reservoir (usually on the updip extension) or other
interruption of contimuity,*

The American Geological Institute further defines trap as
®) body of reservoir rock completely surrounded by impervious rock; a
closed reservoir. Some traps are structural, having been formed by
movements of the earth!s crust; others are varying permeability
('stratigraphic') traps in which the change in permeability is due to
original sedimentation, ground water activity, or by truncation and
sealing. Many traps are created by a combination of varying permeability
and structural agencies."

Fault block is defined in the American Geological Institute
glossary as A mass bounded on at least two opposite sides by faulis; it
may be-elevated or depressed relatively to the adjoining region,.or it may
be elevated relastively to the regicn on one side and depressed relatively to,
that on the other,! For purposes of this investigation fault block
reservoir is defined in terms of a reservoir within a fault block.

Tt should be noted at this point that the terms Istratigraphic
trap" and "fault block reservoir" are not generally accepted as terms
applicable to ground water geclogy. These terms are widely used and
accepted in petroleum geology and it must be appreciated that differences
arising from the very distinct and different respective properties of oil
and water can result in entirely different concepts and meanings in the

interpretation of geologic features.
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In the application of the terms "stratigraphic! gnd fault
block trap", as used in the affirmative defonses with respact to ground -
water geology, it is tacitly assumed that the traps are sealed above,
below and laterally., It is then further assumed that waters within a
trap are not rep'lenished from any extermal source after entrapment.

In each of the geologic defenses, the defendants have claimed
"independent water sources" deep in the earth, completely unrelated to
water sources of meteoric origin originating within the Upper Los Angeles
River Basin, This is interpreted to mean that the waters within the
alleged "stratigraphic" and "fault block traps” claimed by the defendants s
originated .at sources topographically outside of the Upper Los Angeles
River area or from deep-seated sources developing Juvenile or similar
wvater (see Appendix H).

The tabulation and brief summary in Table A-2 include a list of
defendants claiming geologic defenses, their well numbers including well
nunbers of test holes or other wells (active or inactive), the geologic
defense claimed :lndicateci by "X*, and summary of the physical facts found
in connection with the defendants' geologic defenses.
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AFPENDIX B
SOILS

Soil surveys of the San Fernando Valley area have been made in
considerable detail by the United States Department of Agriculture. The
results of the surveys are contained in two reports, entitled "Soil Survey
of the San Fernando Valley Area, California”, 1917, and "Soil Survey of
the Los Angeles Area, California", 1919. These reports have been reviewed
and the maps and data contained therein used in a broad classification of
the soils of the basin.

The soils which are described in the above noted publications
were placed into three groups acéording to their relative infiltration
capacities. The system used to group the soils is similar to that
utilized by Musgrave (Water, Tﬁe_Yearbook of Agriculture, 1955, U.S.D.A.,
page 151) and takes into account the depth of soil, relative drainage,
ability to retain moisture and degree of permeability based on grain size.
The three groups and the soils included therein are as follows:

A = High Infiltration Group

Riverwash Hanford loamy, coarse sand
Holland stony loam Tujunga stony sand

Holland coarse sandy loam Tujunga gravelly sand
Holland loam Tujunga sand

Ramona stony, sandy loam Tujunga sandy loam

Hanford stony, sandy loam Tujunga fine, sandy loam

Hanford gravelly, sandy loam

B = Medium Infiltration Group

Ramona sandy loam Yolo gravelly, sandy loam
Hanford sandy loam Yolo gravelly loam
Hanford fine, sandy loam Yolo sandy loam

Hanford silty loam Yolo fine, sandy loam

B-2
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C = Low Infiltration Group

Altamont clay, loam Yolo silty loam
Diablo clay, adobe Yolo c¢lay, loam:
Diablo clay, loam Yolo silty clay, loam
Ramona fine, sandy loam Dublin loam

Ramona loam Dublin clay, loam
Sites sandy loam Dublin ¢lay, adobe
Yolo loam Chino clay, loam

The areal distribution of the soils within the foregoing three
groups, based on the aforementioned soil surveys of the United States
Department of Agriculture, is delineated on Plate 3. The general extent
of each group with respect to its source material is described below.

The coarse-gralned soils of High Infiltration Group A are in
general derived from source areas in the Basement Complex rocks. The
principal streams depositing such material are Pacoima, Little Tujunga
and Big Tujunga Creeks. These deposits cover much of the valley floor
surface in the vicinity of North Hollywood and Burbank. The riverwash
classificatlion, found along the channels of these streams, has the highest
relative infiltration capacity of soils within the group. Materials
deposited by Verdugo Wash in the vicinity of Glendale are also derived
from Basement Complex rocks but have been included in the Mediuwm Infiltra-
tion Group B because they are older deposits and have been subject to a
long period of weathering.

The soils of the Medium Infiltration Group B appear to be derived
from the harder sedimentary rock units, and in part result from the
reworking of the coarse-grained Pleistocene deposits such as Older-
alluvium and Sauvgus formation. Areas in this soil group are foﬁnd in close

proximity to the Cretaceous sandstones in the vicinity of Chatsworth and



northerly of the Encino Reservoir where Topanga conglomerate is a source.
A north-south band of soils in this group, located in the vicinity of
Pacoima Wash, appears to result from an interfingering of the fine
alluvial materials of the western portion of the valley with the coarser-
grained deposits of the eastern portion of the area.

The fine-grained soils of Low Infiltration Group C occur in
the western portion of the San Fernando Valley westerly of Pacoima Wash.
Soils in the vicinity of Reseda are typical of this group. These materials
are derived for the most part from sedimentary rocks which are relatively
fine-~grained. |

The Eagle Rock area overlies alluvial materials derived from
the coarse-grained sources. However, because of the higher degree of
weathering of seoils in this area there is a greater proportion of clay
with a resultant lower infiltration rate. Soils in this area were p;aced
in the medium infiltration group.

The finer soils of CGroup A predominate within Sylmar Subarea,
whercas the coarser soils in Group A are found along the Tujuhga and

Pacoima Washes where they traverse the San Fernando Subarea.



