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INTRCDUCTION
slza &»LOCATION:

The scépe of tnis regyort .emboales tne work aone in an areca
of six and a half square miles in extent, wuich lies between
the northern portion of Los Angeles and Highlana Park, more
specifically it is bounded on the north by the 34°07' parallel of'
latitude, on the south by the 34° 5 30" parallel of latitude,
on the west by the 118° 14’ meridian of longituae, ana on tne
east by the 118° 1z’ meridian of longitude., The United States
Geoiogical Survey have made excellent topographic mepe of this
srea on the: scale of 1/24000with a contour interval of 25 feet on
the more prominent topography and 5 foot contours on the more
subdued portions, The area is coverea by the éouth¢aét cCorner
of the Glendale Quadrangle and the notyheast corner of the Los
Angeles Quadrangle,

ACCESSIBILITY:

Mount Washington is easily reached from any of the near by
cities, Los Angeles, Pasadena, Glendale, Alhambra ets, by exs: !
cellent paved highways. Not only ao good highways leaa to these
"hills but nearly all points in this region are accessible by
automobile roads,

PURPOSE OF INVESTIGATICON & ACKNOWLEDGMENTS:

This work was unaertaken for the prugcse of fulfilling the
requirements for a degree of Bachelor of Science at the
Californié Institute of Technology. The writer wishes to make
acknowledgments to H., Smith for his suggestions and the interest
he has shown in this work, to J.P.Buwalda for his suggsstions,

and to M,H, Sperling with whom he worked in the field,
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PRLVIOUS WORK:

The greater part of this arsa is covered by Ralph Arnola in
U.S.G:S.Bulletin 209. However that work was done on a small
scale map and was essentially of tiie reconnalssance nature;
hence 1t was not of much help to the writer, 1In the summer of
198 H.Smith, while working for the City of Los Angeles, spent
three days in the Mt Washington Hills and nis map was available,
The arca covered by C.L.Gazin in his:report on “The 'Geplogy of
the Northwestern Portion of the Alhambra Quadrangle® adjoins the
writers arca on tne east and an attempt was made to‘correlate
the stratigraphy with that proposed by Mr Gazin. Thus the
formation names are¢ taken from his report.

METHOD QOF INVESTIGATION:

As a basis for recording fiela observations the U,S.G.S,
maps previously mentioned were used, Locations for plotting the
thie geologic data were maue by tne intersection method, using
e Brunton Compeass, and by prominent topographic and cultural
features, The field work was undertaken in two distinct steps;
first, & ratier cdetailed reconnaissance, which was made in an
effort to become acquainted with the general stratigrapny anc the
main structural features; second, the more detealled mapping was
aone,

NATUhk CF mXPOSURLS:

The natural outcrops are very poor and it would have been
well nigh ilampossible to complete a actailed map were it not for
the excellent road cuts, These cuts were particulerly abundant
in all parts of the area exbegt in the nortawestern COoInEr wlhiere

the topograply is aore subdued,
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GEOGRAPHY

Land Forms ¢

The topography of these hills has reached tune stage
characteristic of maturity in the physiographic erosion cycle.
The original surface has been eroded away, the canyons are wide
and V shaped, and the relief is maximun. Mount Washington with
an elevation of 930 feet represents the highest point of the area,
The fact that this hill has a height of approximately 530 feet
above the bed of the Los Angeles River will give an idea of the
maximum relief of the region., The general relief however is
much less than that , being nowhere over 200 feet, In generalizing
the topography one can say that the location of the erosion
features have been determined largely by the structure,
Drainage:

The stream beds on the southwest side of the area and
those on the southeast side take care of the major portion of
the water run-off of these hills, and drain into the Los Angeles
River and the Arroyo Seco respectively. The canyons followed
by these streams are well marked and extend well in to the hills,
while the canyons on the north side are negligible. However
none ol these strecam beds carry water except immediately after
a rain,
Natural Vegetation:

The more shaly portion of the hills are characterized
by a scanty vegetation consisting chiefly of oats, grass and

wild mustard. Where the sandstones have formed the soil the
vegetation is much richer consisting of live ozk, scrub oak,

nolly, chapparal. poison ivy, rushes in moist places and wild
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walnut trees in addition to that mentioned.
UULTURE;

As it was previously incicatea this area is surrdnded and
traversed by numerous paved highways., Near the main 1oads the
nills are élready quite tnickl, settled, ana the more remote
parts are now being subdivided. A steam railway ancd an electric
interurban follow the course éf the Arroyo Secoqwhille the freignt
yards of the Southern Pacific Kailway are located in trne Los

Angeles River bea south of the Mount Wasnington hills,
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SUMMARY

The chief elements of geologic interest are listed
as Tollows:
l. The rocks outcroping in these hills are shales and
sandstones of Puente Age.
2. The structure is one of intense folding and faulting.
3. The course of the Arroyo Seco has been determined by

the position of a fault,
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GeCLCGY
STRATIGRATLEY
GLXbhAL CONMEXIOD:

At nc place in this region does the base of the scction of
cedimentery rocks lie exposed, The 3800 foot thickness thut
oultcroygs, represents a seriés of concoraant strata, comgosea chnclif-
ly of interbedded shales snd sandstones, The lowef tw& thirds
of this section, shows a change from preaoﬁinantly sandstones to
predominantly shales, These shales and sandstones were differ-
eéntiated in mapping, neither by a distinct litholgic change nor
by.an unconformity, but one which was difficult to establish
because of the nature of the section, Another consideration that
adds to the inaccuracy of these contacts is the gradation of
material along fhe strike of the veas, That is to say, tilic
ganastone grades into shale from N.W. to S.E. indicating that the
source of materal was from the N,W,

Tuese shales are overlyn concoraantly by an upper sandstone,
However this contect is a definite one, as it was mapped along
the basal conglomerate of the sandstone,

The lowexr sancstones were called tune Omeha Sandstones, the
shales the Rose Hill Sheales, and the upper sandstones the El

Sereno Sandstones after the nomenclsture proposed by C.L. Gazin,
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OMAHA SANDSTONES:

This formation has the greatest areal extent of the rocks
that were mapped.These strata form the limbs of fhe large syn-
cline in the southern portion of the area and a complete unin-
terrupted section is well exposed on the south limb of this
structure, | ‘ |

As it has already been mentioned this formation consists
chiefly of sandstones interbédded with shales,which becones
more predominantly shaly as one goes up in the secyion. These
beds aggregate a thickness of 2200 feet of which approximately
400 feet are shaly material,the remaining 1800 feet are sand-
stones,

The particles of the sandstone are angular, subangular
to rounded,medium bkn size and composed of quartz,fieldspar,
btotite and muscovite grains,stained by limonite,and cemented
by limonite and clay material,.,The rock is not hard butf%ufficienb—
ly well indurated to maintain vertical walls in the road cuts.
When fractured it has an uneven surface and the break occurs
around the grain,The sands colored grey to pale buff on fresh
surface,weather to a dull light grey.These massive sandstones
form beds varying in thickness from 8" to 10 and 12 feet, they
are well washed =nd show very little sorting or lamenation.

In the upver part of the section the sand 1loses partially its
arkosic character and becomes more predominantly quartzose at
the same time becoming finer,

The shale members vary in composition from soft sandy
grey shales to harder buff colored arenaceous ,calcareous shales

and to extremely hard buff colored cherty shales which often
form traceble chert reefs.All of these shales show fine S~
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lguinations and the bedding is never more than one foot thick
the average width of bedding is zbout 2 inches.They weather to
almost the same deep buff color although the sandy shales weather
to a more greyish buff %fhan do the others.

Plant remains ,fish scales ,and fish impressions were the
only kind of fossils found in this formation,

In several places in this section of rocks ,soft white
chalky beds were found having a general thickness of about4t
-8% and composed chiefly of calcium gcarbonate with fine elastic

material.



Pigure 1.

This photogreph shows the interbedded character of
the Omehe Sandstones. As this exposure occurs nesr a fault

the strata show drage.

9



10,

ROSE HILL SHEHAILES:

Thiis formation ,wiick hes in thils area & tnickness of sbout

] )
6&0"15 best €x_ oged in the northern portion of the hills on- the
ezst side of the Arroyo Seco and on the northwest sice of Mt,
Washington., As its relaton to the underlying Omahe Sandstone
is one of concordanceapd giacational change, petrologically it
is similar to those shales described as belonging to the Omahe
Sandstone serieg, That is to say, this shales series is composed
of alterneting arenaceous, arenaceous calcareous, calezreous and
cherty shales interbedded with & few relatively thin sanastones.
In general this division of the section shows a greater percentage
o% cherty shales than do the shales found interbedued in the
Omaha Szndstones,

W.A.English comes to the conclusion that the most probable
source of this giliceous material was from silica rich river
waters, rather than from volcanic ash or siliceous organisms
(such azs radiolarians of diatoms)y To the writer his conclusion
seems quite & likely one, especially in me caée of tune siliceous
rocks in this area. 8Seversal sanples were submitted to K,E,Lolman
for stuay but he coula not find the skeletal remains. of €ither
diatoms or radiolarisns, Neither, were any beds of volcanic ash
material observed in the field,

These shales contain a large number of hard chert concretions,
These masses vary in size from a few inches up to tens of feet
in greatest dimension,

Plant remains and fish scales were the only type of fossil

meterizal that could be found in these rocks,



Figure 2.

A typical roed cut exposure of the Rose Hill Shales.

11,
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EL SLKENO SANDSTONES:

These sandstones becs concordantly overlie the Rose Hill
Shales, and are separated from them by a well cefined contact,
represented by a basal conglomerate, The only exposure of this
basal bed is found nesr & hill top on the north part of the area.
It shows =z bed about two feet thick, composed of subangular shale
pebbles, varying in size from 1 to 6 inches, embedaed in a sanday
matrix. Above this bed one finds about 100*' of well washed
quartzoes sand composed of subangular,meaium sized quartz graine
with a iittle feldspar ana biotite, These beds are poorly
indurated, colored a whitish grey, and weather to a deep buff
color. The sandstones are followed by an alternszting series ot
conglomeratic quartzose sandstone, and rea sandstone beas, The
conglomerates‘are composed of typical beach pebbles ana boulaers
of schist granite, guartz, feldspar, andesite and pegmatite vary-
ing in diameter from one half inch to 1% inches, The matrix is
a quartzose sand. In composition the rea sanustones bed are
essentially equivalent to the other sandstones, but have been
deeply stdinea by limonite ana holu this color in both fresh
and weatherea surfaces. The thickness of trnese strata aggregate
appfovimately 500 fett.

The E1 Sereno Sandstone that outcrops in tihe southern part
of the area shows a markea lithologic aissimilarity to the

Previows \y
materialMdiscussed ckorethomheseniittPmie, An excellent ex-
posure of this material can be seen on the North Broadwayrroaucut
just west of Mission KRoad, This exposure shows it to have the

same arkosic character as the Omaha Sandstones, but ciffers from

thhem in the following; it has a darker buff color when fresh,
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end a greyish buff color when westhered. It shows better sorting
and la@ination, the particles @re¢ less anguldr, thce tcuting is
finer, the Sanas are much better washea ano Qre in gerneral less
well indurated than are tne Omaha Sandstones,

The cross bedding cnd shingling of pebbles in iue con-
glomerqQte incicate ¢ source of deposition fiom tne.north. The
evidence seeme to point to tne conclusion that the part ex-
posed on the north side is e littoral deposit which grades south

ward into deposits formed in the deeper weter,



QUATERNARY ABLUVIUM:

This stratigraphic division is confined to the
soil in situ and the recently deposited sands and

river gravels.

14,
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AGE and CORRELATION:

Saﬁd molcs and impressions of invertebrate fossils were
found about 100 feet above the base of the E1 Sereno Sanastones,
but the nature of these remains was such thet their determination
was impossible, Based on the correlstion of these beds by
Arnols (1) thev are a pert of the Puente Formation, As classifiea
by English.(z) the Puente Formation is equivalent to the upper
part of the Monterey group, which would place the Puente in the
middle and upper Miocene of the standara time scale., C.L. Gazin
(3) places everything stratigraphically above the El Sereno
Sandstones as upper Puente and everything below them as lower
Puente, If one follows this classification the section as here
represented is lower Puente and is probably upper middle Miocene

in age.
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STrUCTURL
GEMNBRAL: CONDITIONS:

The general structure of this particulsr area exkibits an
extreme complexity, In addition to two meajor folus and seferal
mejor faults there are a series of minor faults and small rolus.
On the east side of.the Arroyo Seco neither ao tine alecal yatterh
hor the structural relations match to & large degree with the
work done by C‘L.Gazin (3) in the northwest corner of the .. ..
Alhambra Quadrangle., Nor does the structure or stratigraphy
match on either sice of the Arroyo Seco, thus tne conclusion
that the stream has félloweu a zone of structural failure,

The relations between the faulting and the folding is not
particularly clear, although in some cases it is apparent, The
efforts on the part of the writer to generalize this relation
hafe not meet with a large degree of success. One. rather obvious
conclusion is that the stronger sandstones show a less degree

of folding and shattering than do the more incompetent shales,
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ares two major folus the sypcline to tihe

There are in this
gouth ana tie syncline to the north, The formel occurs ir tie
Quaha Sancetone Series and is asymnetrical in charscter, Trie
beas on the south limb nave an avelaze Clg of sbout 45 , those
on the nortn lisb an average aip of about 4 . Tuls fola hnas
& gene¥al trend of north 835 Ug gL oo i ncat,.hut it is cross fault-
ea twice in tne western portion with o consequent aisplacement
of the sxis in the magnitude of 100 to 200 feet. With the
exception of the two faults mentiored above the south limb of
thiis syncline shows no other effects of shiattering, On the
cthelr hand nearly ell of the arca to the north of this stiucture
is & mozaic of fault blocks, It is cifficult to ecccertain tihe
cause for this difference in the behavior of tie 10CKS Uncer
the acforming stresses, It is probable that the north side
represents an siching effect walch p.g failed beocause of the lack

of supporting material, HKowever tihe lack of ulrect eviuence in
support of this theoxry mekes it merely an assumption, Although

the lower sandstone beds have nesrly everywhere the sane competence
‘the shales ure very weak and it is nignly probable that tunis
weakness may to a large uegree account for tue sinattering of

these beds uncer the game forces which causea lhe folding in

the stronger sandstorics,

Tie syncline in the northern portion of the aree cccurs
in Rose Eill shsles, Tuis zlso is an asymmetrical fold, but
with a N-E treﬁd. The beds on the southesast limb Gipgs stecper
by &0 thgn those orn the opp.osite limb,

Thie other $6las of tihis aree secem to be of very minor

importsnce anc are probably in trhe most part the result of fault
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movemnente accompealined vy 2 o reeguent buackling ol the slrata,
L]
Altuough on the ncrtlh siuc of Mount Wachingtlon tioele ale
S &

several anticlines in the secpzraete faull clocks tnat may Le

K

correlatea as the same folu thatl has been aisplaced by crogcs

«

faulting,
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Pigure 3.
The picture illustrates the msuner in which the

ghale members are contorted near a fault zone,
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FAULTING:

Tre fault relations may best be aiscusseu by first meking
& general subdivision of the area into a series of major fault:
blocks and then a more aetalled consideration of the various
minor fault systems, With this plan in mina the writer has
divided the area into five main blocks listed below with a ais-
cussion of each block,

1. That part of the aresa east of the Arroyo Seco which shows
no structural continuity with the part west of the Arroyo Seco.
The necessity of explaining this discontinuity, as has been
préviously indicated, leads to.the conclusion that the Arroyo
Seco follows a structural feature, namely, a fault,

The main structure of this block is one major fault tenaing
about north 75 degrees west, and two minor faults., As eXposed
in & road cut on its western extremity, the fault (see figure4)
has a south dip of about 40 degrees and the drag folas ( an
overturned syncline to the north and an overturneda anticline to
the south) indicate the movement to have been of & reverse nature
but it wes impossiole to estiaate tue eamount of alsplecement, AS
one follows the fault eastwarc orne finuas that the faull plane
tends more nearly to approach the vertical until at the very east
end it becomes verpical.‘ Although the writer dic¢ not trace this
structure further than tihe edge of the map a stuay of Mr Gazins'

report seems to incicate that eastward this structure changes to

Principle

i
the sxisl plane of theplanticline of thet ares.
The other two faults found here are of a vertical nature and

probably owe their origin to the major fault ciscussed sbove,
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Figﬂr& t&o

For explanation see text page 20,
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2. The southwest block of the ares to the west of the Arioyo
Seco will' next be consiueréa. It ie bounued on the east by the
Arroyo Seco fault, on the north by the main fault crossing Mount
Washington about 200 feet south of the summit, anua on the west by
tne fault uvp Divieion Street,

The charzcteristic feature ofnic;i;rifb fel?ﬁlf-(\ff\imfggg’ﬂtbfe-m‘*e"“mﬂ*““‘*
prominent syncline has slresqy been aiscussea, The fault%on the
syncline, This particular fzult hes & north aip of 80 aegrecs
and the arag shows a revelse movement,

3. The block adjoining block nuuber £ on the north east side
is bounded on the east b, the Arroyo Seco fault, on tie north by
the fault following Avenue 50, anu on the west by the fault oy
bVivia on Street, The fault common to béth blocks « ana & 1is
vertical and 1is well marked by excellent structural zna
physiographic evidence, Buch asghange in tne attitude of strate,
fault gouge, arag, oiscontinuity of beds, canyons followirng ﬁne
trend of the faults and fault gaps,

This block is characterized by a numoer of faults previously
discussed, cut off by & series of vertical cross faults of a
general northest trend,

The unaecipherable structural complexity of the rocks direct-
ly 'north of the Southwest Museum has lead to the generalization
of these featureg in mapping.

4, Block number 4 is sperated on theseuthieast by a vertical
fault with a northe®t trend wnich roughly follows Division Street.
Another vertical fault effects the separation of this block from

the low lying hills to the north; along this structure most of



tne elevation of tie nills has taken place,

Approximately in the center of this block a peculiar 50

degree nérth dipping, dip slip strike fault has been mapped,

This may corresgonc to the axis of the anticlines mapped to

the east of this place. Drag relations as snown in an exposure
indicuate reverse movement (see figure 8 ),butrbg a o© nsiueration
of the stratigraphic relations in which Rose Hill $aszles have

been faulted vown into conteact witn thie underlying Omalia Sand-
stones the writer is of the opinion that tre net movement has been
of a normal nature, Althouzh there has been a reversal of this
noveaent,

Anotner fault gives ecviaence of naving experiencel tnlg $zme
type of movenent, A new rozu cut in the large canyon alrectly
southvest of McCallem Heights gives an excellent exposure ol tuis
feult., As seen in tiiis exposure the shalée beas to the south of
thig fault show a drag winich inalicates a reverse fault wanile tnose
beds in intimate reletion to the fault suriace snow a change in
direction of drag indicating & normal fault. However tie
"stratigraphic relaticons in this case snhow that true rnet movement
must have been of tne reverse type,

Theee two instances give eviuvence for two periods of action
of the ueforming forces with an accompanying change in the
direction of forces,

5, Tike low lying rnills in the extreme nortn siue of the area
are here classed ae the fifth block. They are structurally
inconsistant with the rest of tne area naving in general & north-
cast strike compered witn the consistent northwest trend founu
elsewhere in the ares,

Tiie occurence of a syncline has alrecady becn mentionea,
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Figure 5.
.shéws the fault discussed on page 23,

24,
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Interruptions oy faulting has occurea in tue east sice of tais
block by two vertical faults trenaing nortuweest., In accition
the E1 Secreno Sancstones are faultea cown into contact with the

Rose Hill shales along & verticazl ecast-west fault by a aovement
of about 100 feet, Sequence of faulting we suown in tas arcal
pattern is, firsf the cast-west movement anc then taat in tae

riorthi-south diresction,
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HISTCRICAL GiCLOGY

Geologic history in this region pricr to miucle Miocene time
ig of couise not recoraea., After the invasion ol & degositioneal
basin by the Puente sea the only variastions were those which woulu
cause the alternaticn froam sandstone (o shele. The changes in
daepositional conuitions that would cause these FlucuMations uwre
€ither a depceit feriuner from snore, a change of tihe airection of
ceposition, or a change in the rate of erosion, In the cate of the
Omshe Sandstones tre latter was probably the cause, Degosition
of the Rose Hill Shales unuoubtedly resultaa from an increasea
wepth caused by an savancing ses, @lso to the increwse of silica
content of the river water. The ena of Kose Hill time was Jnarked
by & recession of the sea and erosion of some of the Rose Hill
Shales., The umargin of the El.Sercno Scea wes then omewhere in
the region near York Boulevard, Tihe source of this material
was fiom the north, probably dervied from mountsins in the vicinity
of the present San Gabricls;

Thruout Fernanao tiume the region was a low lying lano mass,
If one accepts the theory that the end of Pliocernc time was mnarked
by & perioa of aeformation which;continued thruout Plelistocerne
it was loern thet the present structwre and iysiograply were
developed, Two uilstinct perious of application of celforming forces
were noted in tue discussion of structure, However their time
relations are obscure eznd cannot be aiscussea,

Some of tre higher merbers of trne Puente group are missing
here, wetner this is cecause thiey were not wepositew, or becauée

they have Deen e€roded is only a matter of conjecture,
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PHYSTOGRAPHY :

‘As in all mountains, the topographic
forms of these hills are the product of two forces, uplift
and < 3ion., The wsak2uing of zones by faulting and the
consequent increase of susceptibility of these zanes to
ercsive agents have largely determined the stream channels,
The Los Angeles River is purely an antecedént stream.
Although the stream that has cut the present Arroyo Seco
surely existed before the uplift of this regiof, it has
cut it's chennel along a fault zone,

The low lying hills on the north side of Mount Washington
represent an old dissected degradational terrace cut
perhaps by the stream that cut - the Arfoyo Seco. If this
is the case, and it probably is, we have here an excellent
case of stream piracy. The revival of the sitream could
be caused by two eveats, either am elevation of the
source and a consequent. increase in the degrading action
of the stream, or the uplift of the Mount Washington Hills,
To have cut thru its own fan as this étream has done
nearer the head it must have been revived at the source,

This probably accounits for the formation of theee terraces

in these hills.



28,

ECONOMIC GECLOGY:

Economic pos&bility of thevgeologic material in these
hills are essentially megative. Although the production of
the Los Angeles oil field is obtained from rocks of Puente
Age (1) the time has long since passed when orilling was
allowed within the incorporated limits df Los angéles.

Nor is +the structure especially favourable for the ac-
cumulation of such deposits. Furthermore the lithology

is unfavourable for any other type of mineral resources,
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