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SUMMARY

The area Iinvestigated 1s located in the southe
eastern corner of the Santa Clara River Basin in Tos
Angoln‘ County, California, nesr the towns of Saugus
and Newhall.

Five formations of Tertiary age, bBounded on the
south and east by the basement complex of the San
Gabriel Range, are found in the area. The oldest
formatlon, the Mint Canyon of upper Miocene age i
successively overlain by upper lllocene todelo,
Pliocene Pico, Pliocene~Pleistocens Saugus and
Pleistocene Terrace deposits.

These sedimentary format'ons have been folded
and faultqd during two major periods of deformation,
the first at the end of the Nlocene period when they
were acted upon by compresaive forces from the north
and the second period during which they were subjected
to the same set of compreasive forces and in addition
a new set of forces which caused the uplift of the
eryestalline mass of the San Oabriel Range. The
latter period of deformation occurred after the
deposition of the faugus formation during Pleistocene
time,
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area studlied. Area marked by cross hatching.



INTRODUCTION

Location of Area

The area in which the fileld work for this report
was eanjiod on lles in lLos Angeles County, California,
about 25 miles north of the city of loe Angeles as
shown by the sketch map, Fig. 1. The nearest town is
Bowhall at the weatern edge of the area. It lies on
the main highway (U. 2. route #99) running from Los
Anpgeles tc} Mojave and the towns of Owens Valley.

‘mﬂljwpmmet the area is covered by the
northern quarter of the United States Geological
Survey map of the Sylmar gquadrangie and projects
alightly into the southern portion of the Humphreys
quadrangle. The northeast corner of the Newhall
quadrangle and the southeast corner of the Saugus
quadrangle are also included within the region, These
maps are drawn on a seale of 1/24,000 with a contour
interval of § feet below the 1,900 foot contour and
25 feot above this elevation.

The Santa Clara River flowing along the northern
boundary 1s joined near the eastern edge of the area
by Sand Canyon draining north from the San Gabriel
lits, Taking its name from this canyon, the resion
will be referred to as the Sand Canyon area throughout
the rest of this report.



Size and Nabtural Boundaries

The repion under conslderation is roughly
triangular ;n shape, the base of the tfiangle
being formed by the ianta Clara River Valley on the
north and the two sides by the crystalline mass of
the San Gabriel Mts. and the lowlands between Saugus
and Newhall,

The area of ﬂnisrtriangle 1s approximately
20 to 25, square miles, most of which was covered

by the writor during the course of the fleld work.

Purpose of Investlgation

Thls Investigation was carried out in partial
fulfillment of the requirements for the degree of
Master of Science at the California Institute of
Technology. The work forms a unit in an extensive
areal map ping program designed to cover those
portions of the Santa Clara Hiver basin lying between
the San Gabrlel HMts., on *he south and the erystalline
masalf extending eastward from Liebre Mountain on the

north,



It 1s hoped that by the {inal plecing tomether
of a number of detailed ~tudles, mmde pos=ible by -
the splendid series of large scale maps that are now
in the process of publication by the United taten
feologleal furvey, come light will be ded on the
problem of Coast Rance structure.

lfuch of this area = including that stmadied by
the author = hae already been mapped "nd described
by 1».'!."'.23;{ Rew in U.".Ms s Pulletin number 753. Thila
work, thg;n, canmnot be congldered an original investie
gation of a previously unknown area, but is to be
taken merely as an attempted refinement of an extensive
recommaisance map. In view of the area covered in u
relatively ~hort period of tlme on small scale 'mpg,
the author has been amaszed at the general average
aceuracy of this earller plece of work md advances
with some treplidation what sli-ht chnﬁgaa he has
felt called upon to mlke,

The writer here wiches to exprean hia thanks
to Dr, John He flaxson of the California Institute of
Technolozy for havin: sagnested this plece of fleld
work and for hls many helpful sug-estions and oriti-
¢lem during the sourse of the fleld work. The author
zleo feels greatly indedted to lessrs. Curry and
Kemmitzer of the same school {or their ald and commonts
during portions of the fleld worlk.



Toposrayhy and Fuyalogzeply
The Sand Canyon area containsg the first low seriea

of hilles lumedlately north of the high, ragred ‘an
tabrilel lits. The maxlimam elevation attained in the
sediments les 2,300 feet at a point In the southweat

quarter of the area. The ridpes decrease in altitude
north towards the Santa Clara River and nortimest to
faugnug. The lowenst elevation, 1,150 feety 18 at -aupus,

Prom thle 1t is evident that the relief within
the sedimbnts is not very great as the maximu differe
ence in clevation is only 1,240 feet. This fact
becomes even more apparent upon cemparison with the
slopes found in the iwwdiately adjoining “an GCabriel
Wountains, Here differences in elevation of 2,000
feot or more are comion, while in the sedimente the
averaze rellef does not exceed 275 feet,

Plge. 2 shows olearly ths relatively much finer
textured topography found within the sediments as
eompnred to the adjoining erystalline mass, Long,
steep slopes deascend from the hiher elevations of
the latter, cut occasionally by deep canyons and only
slishtly dissected Ly minor ctreams., On reaching
the area underlain by the soft sedimentary formations,
however, a strilking chance tukes place. The ridges
become stronigly dlssected by many amall ravines, the
floora of the larger canyons become wider 2ml more



Fig. 2. Airplane photograph showing
difference in topography between the sedi=

mentary rocks and the basement complex (bc)e.






heavily alluviated, in short, the whole sspect of
the lower country is constructed along finer lin: s,
within the sediments not much difference ic to
be observed in the topography of soctlions underlain
by different formations. ‘he coarse gravels of the
cmtom;.ry and “augus formatlons tend to slipghtly
coarser textured -lopes while the maxim fineneans
of dissection 12 iIn the uint Canyon. The difference,
however, 1s small and is greatly overshadowed by come
parlison \aith the topocrarhy of the main mountain meas,
t"'lo}hng from east to west alons the northern
boundary of .thia area, the Santa Clara [ilver 1s the
mont lmportmt factor governing its drainnge
pattern. Along the north front all canyons enter
directly into the “anta Clara, The larpgost of these
is Sand Canyon, from which the area derilves its name.
It 1s formed nt the foot of the “an Gabriel 'ts, by
the junction of several canyons, It has a broad
alluvliated floor slopins nortlward about 96 feet
to the mile,

Trom near the head of fand Canyon a long straisht
ridge extends in a northwesterly direction to “augus,
thus forming the main divide within the area. On
ites south flanks the gullies open into Placerita
Canyon which flows west to Newhall alonz the general
line of contact between the crystalline rocks of the
San Cabriels on the south and the sediments of the



fanta Clara basin, About midway of ites length a
point of crystalline rock projects acrowes its path,
t rouh which it win'e in a marrow corge., It has
an average gradient of 74 feet per mile.

’Ijhegmtmtum of the resion does not seen to
oexort a ve y stronz control on the drainage, Of
the larzor streams, Placerlita Creek meems to o the
mo t stronely influenc-d, in this case by the contact
betweon the hard metamorphlcs :nd the sediments. The
prasanos of tho rorge cut throush hard rock is a
rather anomalous feature in this émplamt!on, but the
tortuoue course that it parsues in thise sect:icm T Ue
gaste that it beecame entrenched durin: an earli r
eycle of arosion urin: which time thie area was
overlain by sedlmentary bede.

Although Placerita Canyon is ‘ho only major
drainage line élowing evidence of emtrol, many of
the =mall gullies feedin- down fram ‘he ridges
clearly parallel the atrike of the underlying strata.
This conformity 1s frequently valuable In _vimalisim_z
the structure vhen the “lopes are too brachegovered
to yleld nany outerops,

Two physiographlc features give a ¢lue to the
history of the reglon following the deposition of
the “anms formation during the early part of
Plelstocene time, The first of these 1s the uplift



of the “an Tabriel Hts., along lines of a faulting
during such relatively recmt time that there 1is
sti1ll apparent a partially dlssected fault scarp
facing the sediments, The flat lying terrace
deponits trunéatinn the upturned Saurus formation,
however, point to a period of quiescence during
this uplift. The streams within this region went
through a period of aggraedation, depositing o@ru
debris derived from the “an Nabriels over their
extenslveyflood plains, Following: this perlod ct»
quiescence In the basin a general slight uplift
without folding haa allowed the streams to cut
Into the tari'aces.



SPRATIOGRAPHY and PETHOGRAPHY

Geoneral ' tatement

‘he formations encountered during the fleld
investizations are flve in number, all of Teriary
are ranzing from upper 'iocene to "lelatocrne.

The oldest vresent 1s 'he Mint Canyon, a land
lald deposit which 1s overlain unconformably by
the marine odelo of upper "“locene age. /bove this
comnos t;hq\ Farnando group, the lower member of which,
the Plco,lies above 'he ‘iodelo unconformably. The
Pico 1s nlmo marine. It is In turm separatgd from
the "augus, upper Plloeene, by an unconformity. In
the "and Canyon area the “augus is mrobably a river
deposlit. Uppermost in the serles comes the Pleisto=
cene Terrace deposits which lie without dip over the
upturmed edjgeas of fh& Saugns and older formationg,

A generallzed section is given showing the
relation of the rocks exposed in thils area to older
members of the Tertiary sectlion of the lLos angeles

(1)
rezion (Pig. 3). Aprroximate thicknesses are siven

(1) Kew, WeSallaf UsSaflete Pull, 753. Pee Gy 1024

for the formations at thelr type loecalitlos,



Geologic age Kew 1923; U.S5.G.S.Bull. 753, 1924

Parts of L.A. % Ventura Counties

Alluvium

Qs ternary Terrace deposits 250!

e
----------------- . Saugus formation

' (usPliocene & Pleistocene) 2,000
Pliocene o — i sz
Pico formation (l.Pliocene) 4,000
Unconf'ormity — s — —
Intrusive basic rocks

Modelo formation (u.Miocene) 9,000!'
Miocene

Mint Canyon formation
(u.liiocene) 4,000!

Topanga formation (m.Miocene) 6,000

b Wyt "t e e I e e

Vaqueros formation (l.Miocene) 100-1,800'

Oligocene SBspe formation (Qligocehe) 3,000=4,000"

Tejon formation (u.Eocene) 2,000

Eocene Meganos formation (m.Miocene) z,000-3,000'
T i ? e
Martinez formation (l.Bocene) 1,500-3,500!

et Nt et et e et Nt et et et e N P Nt N Nt i et

Unconformity :
Chico formation (u.Cretaceous) 5,500!

Cretaceous P R L S —~— ——~
Absgent
Unconformity .
Jurassiec Absent
Jurassic? Granitic rocks (Jurassic?)
]
Pre-Jurassic Metamorphic rocks (pre-Jurassic)

Fig. 3. Generalized column showing relation of the formations
found in the Sand Canyon area to the other formations found in

the Santa Clara basin (taken from U.S.G.S.Bull. 753)



Basenent Complex
The detaills of the petrolony of such of ‘he

cryatalline rocks of the ZJan Gabrlels as occur in
the tand Canyon aresa have not been worked out by
the author since the major concern of this problem
1s wim\v the structures in the sedimentary series,
not the erystallines. In general the age of the
metamorphie rock is gonerally assumed to be pre-
Jurassie and most of the igneous intrusions by which
they are J'?Snvaded are thought of as having occurred
at the saim time as the lgneous injection of the
“lerra lNevada in late Juraasic or early Crotaceous
time.

iint Canyon Formation
The first description of the %r-t): Canyon {ormaw
2‘1

tion was published by 0. H. Hershey who gave it
tim name of the Uellenia series. It was later renamed

(2’ Jorshey, V. na'

We Be Ve Kew who applied to It the rame Mint Canyon:
"Above the conglomorates of the Seape (7) formation in
the upper psrt of the fSanta Clara Valley are beds
severnl thousand feet thick which have heen called by
Hershey the "llellenia series" and which from their
stratigraphic position mnd fauna are believed to be
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of upper Hlocene age, 48 the term "liellenin”, smo

far os fould be ascertainedl, 1la not a place name, and
1ts origin is doubtful, thia series of sntrata 1s here
renamed, to corresnond to the rules of nomenclature of
" the United "tates Oeclogical Survey, and the term
‘int Canyon formation is adopted bYecause the beds are
particularly well developed in the ''Int Canvon

(3)
recion," “ince the publication of this bulletin

-ﬂ
(5) KW’ 5*-‘&53.‘""-#‘., VeBuCe e m:llq 755’ Pile 52’ 1924

the name !Int Canyon has supplanted the older term
and 18 now universally used.

The iint Canyon, nz exposed in the type area,
has heen shown to be a land 1laid deposit resting
uneonformably on beds quesztionably reforred to the
Seape by Kew.(4) In the  nme hullatiﬁ he pglves a

(4) Idem. pze 52

thickness for the deposits of 4000 feet plus or
minis. The meneral characteristics of the formation
in the type reslon are those of a wvariable sandstome

(5)
and conglomorate. ‘cecording to Aaxsong "Beds

(5) Maxson, J,H.§ Carn, Inst, Wash!ngton Pub, #404,
Pl 81, 1930
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comprising the formation are heterogeneous and vary
laterally. ‘There 1s no well marked break In type of
sedimontntion, although it was observed t!mt heds of
reddiah tinge predominate ‘n the lower part of the
exposed section, intermningled bLrownlsh and graylsh
beds in the middle portion, and prayish colored
deposits are particunlarly in evidence in *he uppere
most portions OGray beds are, however, comm throughe
out the formatlon, and the more highly colored deposlte
do not #Myow eufficient repularity in their distribution
to be uu‘&!’nl in establishing sgones.

The lower beds are largely coarse red mndntonaa
with 1nterb§ddod grayish md reddish sub.a. They are
oceanionally fosailiferouns, In the middle part of
the formatlion Lrown solly members and gray silty mowne
bers, both fossiliferous, are Interbedded with coarse,
gray, orosabedded conglomerates and fanglomerates,”

As exposed in the Sand Canyon region this formae
tion represents a southward extenslion from the type
aroa almost directly north on the other side of the
fanta Clars Valley. !ere they represent the lowest
beds exposed, resting directly on the basement complex
along ths eastern margin of the area, Their general
charactoristices agree with the deserintion quoted
abve. Hetween “and Canyon arnd the eastern margin

of the area the beds have an average strike from



- 17 -

(<] o
10«20 ¥ dipping HW from 20 to 30 . They are come

posed of incoherent brown to gray sandstones with
interbeds :nd lenaes of pebbles, and occarional beds
of better conmolidated silty to shaly bods (Fig. 4a)e
Nlear the mouth of Bear Canyon in the southeast corner
of the area a heavy, brown colorod conglomoerate =
almost a breccla - was noted. It was composed almost
entirely of anpular to subangular cobbles of metae
morphic gnd igneous rocke The beds were traced southe
ward to ;‘he low ridge separating Coyote and German
Canyons, but could not be followed north of Iron
Canyon. They apnear to be basal bede,

At the divide separating Placerlta Canyon {rom
fand Canyon a soft shaly member of the liint Canyon
ia exposed whieh gives rlse to rolling toposraphy,
stronsly inclined to slump., 7The shale is greenlsh in
color and very inooherent. ITwo ash beds occur in this
rection separated by anbout 100 feet of material,
Helther bed is over 10 to 16 feet thick, and the
lower ls very discontinuous (Flge, 4b)e The upper
bed was traced for soms distance and 1a Indicated
on the map (Plate 1) by a series of dots,

In the vicinlty of the small antlelline mnd
syncline in the northern and central parts of section
28 the Mint Canyon outerops as a scrles of gray sande

stones md conclomerates of different derrees of



Fige 4a. Gray, shaly member of the Mint

Canyon formatlon, cut by a small fault,






Fig. 4b. Ash bed in the Mint Canyon Formation
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consolidation, Ash beds were aganln found in this
vicinity, none of wvhich eould be traced for any
distance. The most persistent bed 1s shown as a
series of circles where it bends over the steeply
dipping ‘axia of the small snticline, A thin, browm
sandetone, hard gnd flagey, outcrops at one or two
horigons in this sectlion. It frequently shows well
developed ripple marks,

The litholory and nature of the contained
fauna mti,leate tmt the iiint Canyon was laid down
on land, ]"-'I’he teds of =2and and eonglomerate with
their lateral wvarilability indicate stream deponition,
The presence of beds of shale point te periods shen
deposition toock place 1in hodles of gulet water ar 'n
vory slow flowin: streams, carryvinr only the inert
material, The basal conglomerate "ods mentioned
above point to an adjacent, hizh standing mass of
material essentlially the sames as that composin- the
present day ‘an Oabriel ¥ts, Althoush 1t would be
rather hagardous to muggest that the mountalns as
blocked out by the faults of today were present
during Ulocene Lime, 1t does seem apparent that ‘he
marzin of the basin of deposition was emphasized
by & sharp upwarping’

As shown by the areal map the Mint Canyon is the

moat extensively oxposed "armation in the area, Along
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the eastern margin it abute directly against "he
metamorphic rocks of the higher mountains whille in
the southern anl western portions it is overlain
directly by the Saugus formmtion. Throughout the
northern half of the large northwest trending
gymeline it ie overlain by Pleo and only in the
relatively amall area north of the headwaters of
Placerita Creek does 1t underlie the lodelo forme
ation,. “

The stratigraphic position of the Wint Canyon
is not as yet c aapletely understood. iuch of the
work on this gquestlon has b en done by Dr, Maxaon,
who, from his studies of the vertebrate fuuna
collected in it, has placed 1t as a near correlative
of the Iarstow beds: "Paunal relationships suppeat
that the Mint Canyon ormmation 1s youncer than the
Hascall, Virgin Valley, and Cedar lHountalin occurences,
while cleo=se to, slthough somewhat younger tlmn Barstow,
The Hieardo 1s = ishtly younrer than the Mint Canyone
This evidence appears 'ufficient ‘o assign an upner
lilocene age t0 the formation., Purther information
bearing upon age is given by the stratigraphlc position,
If the overlying mrine formetion is of approximately
Clerbo are as believed by Woodring, the Mint Canyon
formation is precluded from occupylns fhe uppermost
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part of the liocene represented by ‘'he Janta

lHargarita mmd posalbly by a nortlion of the Clerbo,

The ilint Canyon formation i further depresred In

the geolopglc columm by “he hiatus during which de-
formation and eroalon of the liint Canyon beds occurred
before subnergence an! deposition of the overlying
marine series, Taking into consideration the facts
avallable, it appears that the !int Canyon beds were
depom!.tm% duaring nprt)gt’nimntoly the middle portion of

Y
the upver !flocene.” Re he “tirton, Iin a recmt
i

(6) ldem. pene. 8He86

(77 '
publicention, has interpreted the evidence of the

(7) stirton, [leleg /m. Journal fcley, Ve XXVI, pr.570,1933

mammalian faunma slicrhtly differently, making the int
Canyon a correlative of the Hleardo-Eamerelda serles
thms placins it higher than the Darstow «nd more nearly
an equivalent of Woodring's “"Cierbo” formation, "hich
of there two views 1 corract remaing to be seen, ale-
thoush it scems anparent 'hat some 1idht might be

shed on the question by a careful investligation of the
liodelo (?) where it overlies the 'int Canyon. If a
more extensive fauna were collected which checked D,
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(a)
Voodring's determination, it would not soem

{g‘%ﬁvvmd.r 1%’ \.ri o E”.’ Im' 0‘. 0?1&, 7010 u. m" 155'

plausible to place tae Mint Canyon at m?g%y the
saome time level as the Clerbo as “tirton has done

(9) stirton, H.A.; Ame Jour. Sci., vol. XXVI, pg. 569,
1933,
in hie correlation table,

The followiln; faunal list 1s taken Trom Dr.

{10)
Haxson's deseript .ong

(10) axson, J.H.3 Cam, Inst, Washington Pabl., 7404,

mga 8‘7 "’E_‘ lﬂm.
Testulinata

\ves
Carnivora
Aelurodon &pe
Tamomorphl
fypolagus ? ef. spachensls Cazin
Proboscidea
Trilophodon sps
Toquidae

Parahippus 7 (Archechippus) near
mourningi Yerriam

terychlppus sumanl ‘erriam
Herychippus sp,
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Merychippus (Protohippus) Intermons
tanas 'erriam

Protohippus ap.

Hipparion 7 spe A

Hipparion 7 spe B

Hipparion 7 near mohavense Verrimm
fhinocerotidae |

Ehinocerotid indet.
Tagassuidae

Prosthennopa ? ope
Camelidae

Hiolabls Califernlicus neap,

Alticamelus 7 mp.
intilocapridae

Merycodus near necatus Leldy

Antiloecaprid indet.
Oreodontidae

Oorecdont cf. Merychyus

Treo localities witain the “and Canyon area
have yielded fos:il remalns, The first ls located in
the northern part of the southeast gquarter of sectlon
354 in a bed of gray sandstons forming o mmall bluff
close to “and Canyon, /.t this point was found Pro=
sthennops 7 sp. In a road cut just south of the
railroad in the east eontral part of section 23 was
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found the lower jaw of I'pohipmue :pe T The doe-
scription of this form han not vet Leaen publl hod,
Finally In the northeanst gquarter of section 32 where
the int Canyon formation abuta against the “an
Gabriel -fault a conslderabls amount of scattered
mtgrlal wme found by Yr. Curry and the sathor in

a bed of =oft pgray ehale, None of thie materianl
his been identified yet, bat with Murther =ark in
this Lmn%ity, daabtless more diagnoatic naterial
can be ro“m.»

lodelo (7) Forant iom
The Yodelo Formation ;zim anparently first dee
seribed by Fe 1. Pldridme from the type -eetion

‘11) }‘:1‘1"1&1):@’ * ”.g U. 'ﬂ&.‘i:u 1m1‘ m

in lodelo and nopm Canyona north of ths Santa
Clara Valley, Keow 1later redefined the foymation

(12) Kowy WeSeWal UsTeliall'sa Mally, 7H3, pme 6, 1024

to include some heds that “ldridpge had 2lnced In the
Vaqueros. Kew atates: "As redofined the iodelo farme
ation ag remates 9,000 feet in thiclkness. 1t is
primarily clay, diatom aceoun shale, mnd Cinee.grained
laminated sndstone and cherty beds, anl contalne
e lenses of coarse browm snd tan sandstone about



4,000 foot in maximmn thiclmeas. It reats uncone
formably on the Topangn formation, md ls unconfore
mably overlain by the ?ico formatlon, “he basal
dvision of the Pernande group,"

In and mear the %and Canyon ares, litholosle
oally similar bods, unecnformably overlyins ‘he
Hint Canyon formation, m?oul;on tontatively ascle
gmod to the 'odelo by Kew on the basis of thelr

(13) Idﬁ’ala Pre 67

s

m&igr;ﬁuo position mmd a lim ted invertebrate
fauna taken from Haskell Canyon, This formation
has about tho smallest areal distribution of any
of the formations found in the Sand Camyon region.
It is confined to the somuthern end of the larpe
northwest trending syncline, in the vieinity of
the divide separating Placerita and Sand Canyons.
It 19 aleo involved in a emall ayneline just smth
of the larger onec, In both of these locallties,
the Modelo overlies the Hint Cenyon presumably
unconformably, although no Jdirect evidenco wae
found in this region, At the south end of the
large ayncline 1t fa overlain by Plco while somo=
wvhat farther wost it lies in oontact directly with
the Saumn,



Tho bede as exposed in this reglon are genorwe
ally ereany to buff colored, thinebedded mnd dlae
tomaceous shales (Pipge 5)e¢ Those seen to rrade
latorally alonr the south end of the larpe synoeline
into beds averaging 10 to 15 feet in thlcimess, but
atill composed of fim pgrained material, In the
snallor syneline to the south a aimilar series is
oxposed with thy thinnerebedded s terlal overlying
the thicker beds. Throushout 'heo area in which it
is umu;?r;!, the liodelo diows the characteristios of
an 1.mﬁ‘m1: formatlion. Dips are overywhore variae
ble and emell flexures ~an be observed in any extensive
exposure. It supports, mainly, a rether thick seg brush
rreow the

In the nopthwest corner of sectlon € fust above
the lint Canyon contact a few pelecypods were found
in the s'mle. These ware not ldentifiled, tut they
were evidently of marine orizin. Apparently the forme
ation was depositod under deep water cond tiona at
a timp when the whole Santa Clara basin was invaded by

an arm of the ocoan,

The Plco fomation is expoced only in the layge
syneline lying Lmsnedlately west of “gnd Canyon where,
at the southern end it lies above the Nodelo drale
and below the Seugus formation, In the contral and



Filge 5¢ Bluff of Modelo exposed in

Syneline near Sand Canyon,






nor thorn portions hosever, 1t liles bLotween the !int
Caryon «mM “augus formations,
The Pilco as {irst descrided hy =Eldridge and

(14)
Arnold wap not differentiasted from the Saupue

&

(14) =ldridpe, R.iep U.".0.7, Pull, 300

formation, the two m(xig? beinn called the Fernando
Opoupe In 1923 Kew named the older unit the

»;)

(15) Kow, lialsie} AMe 88 Pols 0 o falle Ve 7,1025

Pico formation on the bLasis of the unconformity oepP-
aratins *he two wnite and deseribed Pleo Canyon, los
Anpeles County ae the type locality. Hew thua def hee

(18)
the formt lont "It 1e of marine origin and consists

(16) Bew, Wa'eled Uslally®y Bulls 753, poe 70, 1924

mainly of both Tine and coarse rralned sandstones with
a few Interbedded strata of complomornte. It rests
uneonformably overlain by the “sumis Jormation,seesess
tho unconforpmity bLotween “he two (Pico md Saugue) is
marked, and the separation 12 made lappely on that
boaalsyweewanwes The fauna in the Pleo, from which
large colloctions have bean made at Hlsunre Canyon,
indicate tmt it 1= of lower Pllocenc age.”



In the fand Canyon area the bhest exnosures are
to be found near 1te northern llmit vhere it mterops
as a prominent bluff,. The mterial here in a I he
grained, insohorent sand, a dull browmish in color,
It tends to woather into steep banks, at times ape
proaching a 'badlande'! topography. At the Lase a
falirly consist:nt, white colored basal conglomerate
was observed, in which the pebhles were bemutifully
rounded, lear the top it showed a tendency to grade
laterally into a coarse conglomerate very similar in
appearance to the “aucus Tormation. In several nlaces
this lad to some oonfusion as %0 the acouwrate placing
of the comtact betwoen tie two formatlons. Invertow
brate remains are scattered liberally thronghout the
foromtion md are often useful in field 1dentificat ion
wvhere 'he formation 1o underlain by !int Canyon beds.

Invertobrate fossils are sbuniant throu hout
the exposures of Plco, esprelally near its northom
1imit,. In the couthwest guarter of ssction 27 pase
tropode may be found, loosely weathered out of the
sof't, uncongollidated bodse In the weat central part
of section 27, omn the shoulder just weot of the road
leading south from !umplwreys there is another good
ogcurrence, It was in this resion « aspecifically on
sgetion line 27=-28 « that the elkmll of a cetothere
was found by 2. L. Parlong and descrided by Remington
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(17)
Hellogg. The slmll is described as showing the

(17) Eell Remingtons Uni, Calif. Publ., Vol. 18
PEo. 440-457, 1920 * ' ’

prinltive cmracteristics of lLower llocons, or earlier
whales and therefore rresenting a declided anomaly in
being found in a formation of Lower Pliocone ane.
Unfortunately its incarceration in a caleareous boule
dor brings up the poseibility of its being secondary
in oricin and not truly renresentative of the Pleo,
The larme nroportion of flne material present
in this expomure of “ioco pointe to devosltion in
deep, quiet water with elther a Adlstmt or low lying
land mass contributing the sediments., This view is
altered somewhat by the presaxe of interbedded cone
glomerate lenses indlcating a rapid tranaport of
matorial, It is posaible that thie perioed of depow
sition 1s eharactorised Ly rather abrupt changes in
lgvel of the adjoining land mmoa,

Cmugue

The upper division of t(;}l:g )I%,mndo Oroup waa
first recognized Ly Hershey who described It from

(18) Hershey, O. M.

the type locality near Saugus, California, st the



northwest end of the "and Canyon area, Its aserial
extent is perhaps the greatest of ay encountered
during the field wark, BSwinging in a broad are from
foledad Camyon over the nose of hills projecting out
toward Saugus, it swings into Plaserdta Canyon, ex-
tendin: almost to the headwators of tidle creeks On
its sonthern and western flank It 1s unconformably
overlain by Pleistocene river pgravels, md on ite
northern margin it overlins the 'int Canpon. In the
iso0lated ayncline rear Send “emyon 1t ie found lying
above the Ploo (Pig. G).

The physical characteristics of the Saugue are
variable. Along tle upper part o Placerita Canyon
and in the vieinity of “and Canyon 2 1gs almost ene
tirely a ecoarse conglomerate, & redlish Wwowmn in
color, with only occasional lenses and beda of sand,
The boulders are all of imneous and metamorphic orizin
suggesting a derivation from the neighdboring hilla,
in places they attain a ood sise, being 2 feet or
more in lametor. Procoeding northwestward the beds
of loose sand Decoms more comion while the heavier
beds die out until, in the vicinity of Saurms, the
formation is almost entirely fommed of poorly cone
solidated, coarss o medium sandstone, varying from
reddish brown to gray in color, 011 sandae occur in



Fig. 6. Exposure of Saugusg sandatone and

conglomerate overlying the Plco.
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one or two of the ssaller canyons tributary to
Placorita Conyon.

In this repsion the deposits neen to be fluvie
atlle or deltale In occurrence, ns mpgpestod by

(19) (20)
lerdhay and Howe Farthor weat tey are

{190) Idem. pge 360,

(20) Bow, Veelias Uslalele Bull, 7563, pge. 82«83,

supposed to be rarine, fossils having been found
at various localitles.

The Seugus, then, is made up of fluviatile
mmd doltale conglomerates in the vicinity of Plaw
cerita Canyomn shich grade westward and northward irto
marine depositc. lNMoreover, the rocks comprisling the
conrlomerates is made up of material typleal of the
crystalline mase of thw San Oabrlelss The inference,
as in the case of the Mint Cenyon basal conglomerato,
is that there was a high standing mass immedistely
south of Placorita Canyon uring depositiom of the
Saumus format ion vhich shed sediments northward into
an ogean filled basin, It seeoms probables from this
that during the postePlcoo uplift and continuing into
the period of deposition of the Seugus the “an Gabriel



range wae beling olther upfaulted or upwarped rolative
to the Senta Clara baesin of deposition., Uhether this
was accoupliched by dffercntial warping or by actual
faulting 1s Aiffienlt to say, but evidently suffilclent
elevation was attained to allow rapid removal of roe
latively coarse mterisl,

T™e age of thire mmusim has been generally
placed ae extending Crom upper Pliccene to Pleliow
togene, on the basis of ita meim% ,nmm
to tha ovorlying Pleistocone denositao,

(21) Idem. paos. 81 to 89,

‘uate Terrace nita

Well exposed In the westerm end of t¢he “amd
Canyon ares botween Saugus and Placerita Canyon are
a number of flat topped ridpes quite well dlssected
by small canyons. ‘Thesg roprocent the poateSaucus
terrace deposits separated from that formation by a
dealded anpgular uneonformity. They are almost ene
tirely made up of coarse houlders, mbanmalar to
“ound, in a sandy matrix. They have a strilking
resesblence o the Saugns conglomerates beins made
up of vory similar meterial with about the same
weathored appeoaranca. The best means of tolling
the two apart is by diffefemce in dip, the mravels



being nearly or actually flat while the “asupus has
e pronounced dlp,

Although the greater extent of those beds is
confinod to the western part of the region, one or
two 2uller patohes have been noticed east of “and
Canyon, The most prominent of these lies at the
nouth of lecr Canyon foamation. It 18 lovel bedded,
a dark reddish brown in color mnd composed of course
motanorphic material,
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Structurally the “and Canyon area is = oloment
in the great eastewpst trending branch of the Coant
Hanges extending rouchly from “anta Parbare eaatward
through the fan Cabriel and San Nernardino Aangose
Specifically 1t lles in an mngle in tiw northwost
corner of the San Cabrlel lountelina, Crystelline
magnes bound it ‘o the east and the south, meeting
at nearly riftt ansles near the hwad wmtere of “and
Canyon, Iying thme In the drainase of the Santa
Clara river 1t forms a structural wnit of thle basin
and as such its relation to the deformmtion of the
basin 1s beat shown by tho etructural sketch opposite
page 94 of Xew's U,5.0.5. Bulletin 753,

The folding and faulting «'thin the Send Canyon
area involves the Wioocene, ™lioccens md Pleistocene
formations in varying degrees. Ouaternary deposite
do not ssem to luve beoen involved in the faulting,
althoush they have suffored uplift to a certain extent,

The structual pattern indicates two dominant
trends, mmow, motwmo We The first is
typified by the long “an Cabriel fault, the parallel
feult north of i1t snd the folde lying between the
two faulte. The other trend is followed by the
larie synocline west of Sand Canyon ond the small



pair of folds farther west,. Another trend 1s oxe
prosced In thie reslon, although 1t Jlea for the

mont part mtaide the area govered by this map,

This direction, msoo Te 18 the trend of the eastern
boundary between *he sedimentary rocks and the bane=
mont complox. The start of this line 1s shown
botween Bear and Iron Canyons. A small, subparalleld
smeline 1s down nenr German Canyon.

Dascript

Pamlting

The largeat single strueture found in this
reglon is the San Gabriel fault or fault sone,
(Plate I, Pilg. 7), which enters the area neay Cermn
Canyon procesdine in a northwesteorly direction
through the sediments until it 1s hidden by the quare
ternary terrace deposits near Saupms. To the west
thie fault extenis down the Canta Clara River to
Castaie Valloy and the hills farther on, Mastward
it erosses the San Oabriel sountains over the
divide betweon Pmcolma Canyon and the fanta Clara
River. Along the smth front of the mountaine it
follows the headwaters of Little Tujunga Canyon
and finally epllta, the maln bLranch following the

(22)
east and west Lranches of Sen Cabriel River.

ol

(22) Xew, lelialing Uslislalia Bull, 753, piz. 99, 1924




Fige 7. Alrplane photograph showlng trace
of the San Gabriel fault through the sedimentary

rocks,






A& branch op connecting fault leaves the 'aln
San Gahrlel zone nesr Plnetos Canyon, crossos Plaw
cerlta Creel, smkes a aharp bend to the onth roe
croaring "lacerita “ongyon wheres 1t lesver the aren.

The mont definite inforration concornins the
“gn (abrlesl fault wns ohtalned where 1t cromces
German Conyone. A fault plarne, lying In a gone of
crurching, indicated a etrlike of NBOoE and a dAp of
aﬁu e Althourh it ip not elleved that this is
the major fault nlane, these neasironents serve to
give come idea of the Jdineg v ithin the gsome. SGeneral
evidence from the trace of the fault seems to Indle
cnte that It is very steeply ! ipping, more nearly
vertical ‘han otherwise.

The ovidence as o !Ireoction of motion le
conflicting. From Placerits Canyon wostward theoupgh
the sodimentary beds the fault sone 1les almoat
entirely in the Cewms formation anl no direct evie
dence can be found to detorine the offset except
drag folds. Tear the lino of section DeD' 1t was
found that the Ssumare beds smth of the fault are
upturned against o masslve ¢ mglomerate Led on the
north. Marther weat soft beds of Seaujuns to the
north of the fault are sharply bent down. Doth of
these cames point to uplift of the block north of the
fazlt relative to the Lloclk south of it.



Tram tho junction of tlw fan “alvriel fault
with the one immediately wuth of 1t to Cerman
Canyon the hlgh atanding crystalline mas: Inlle
catea uplift of the nouthorn block relastive to the
doposite north of 1%. Parther east alony the
aouthern front of thoe San Cabrlel “antaing similar
evidence roes to ahow that cmee more the nor'hern
bloek was uplifted relative o the muthormm one.
AMoaz e fralt ranch from the “an Mabriel at
Pinotos Canyon the wotlon has asparently been up
to the =outh,

“his ovidence soe:s to point to a rotatlion of
blocks around a northeaouth or northeaste-soutiment
axls pananins throu-h the reglion hetweon the Mwade
wators of Yand Canyon and Pacodma Canyon, *he maln
mass of tho ‘an Gabriels having: beoon upliftod Ath
throw insreasin- to the emst. In a eoirdlar way the
soal ler crretanlline mass would hnve nerensing
“hirow to the west. Uith mceh 2 nechanlsm the 'an
Cabrilel foult in the Sand Canyon area mould be a
relatively unimportant branch, the wed~e of sedle
mente separating it from the next fault o the south
beling a slihtly downdroed blook,

Parallel to the “an Tabrlel fault md north of
it another fault cuts throu-h the lipt Canyon fomae
tion (Filge. Ba, D.). The trace of this fiult strikes



Fig, 8a. View southeast showlng cairse of
fault to point where 1t passes under the Pilco
and Saupgus formatilona in the syneline near Sand

Canyon.

Plge 8be Looking northweat along the

game fault,
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approximatoly mow., forming the nopthern 1imit
of the liodelo foarmation. It passes under tlp
Pico and “sucues format lon: without disturbing
thelr contacto,

The Hodelo-ilint Canyon contact immediately
west of Sand Canyon in offset in such a way that
the “int Cenyon formmtion fe o1ightly thrust over
the Hodelo. Although the fauli plane is nowhere
setually vieible, the dip of the fault was talen
to be nortiward from the above evidence. The
straicsihtness of the trace, however, s indicative
of a high dip. It is shown on orosa sections A-A®,
CuwCt, and DeD?, |

The movement on the famlt has boen much as %o
uplift the north side relative to the saith, The
magnitude of this movemont le conjeectunl, but it
was at least anoush o reomove the 'odelo from the
roglon Imsodiately to the north by erosion, rag
folding farther west in the vicinity of the mmall
mticline and ayncline mpports this interpretation.,

The ape of the fault is evidently pre-Pliocena,
since the overlyin- Pleco mnd Ssugus formations ave
undieturbed in the large syncline,

Along the eastorn horder of the area the cone
tact between the basement complex and the Mint
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Canyon formntion appears to be faultei. The faunlt
plane appears to (dip steedly westvard hotween 85
and 900. it joine “he “an Nabriel foult zone in
the complax at “he headwmtors of "and Carryon.

Folding

™e axis of tho orneline adjacent to Jand
Canyen eg:temia from Dear Canyon nortimesterly o
the vicinity of hmphreys, with an averago axial
direction I@BEQW. In the scuthern Imlf of the fald
iint Cangyon, liodelo, Plco snd “ewgme formatlions are
involved in the defommtion (Fige 5). The dips of
the two older Tormations average 'etwaen 30 and
400, the Pleo and Saume are leoss atron-ly deformed
having: averapge Mdps loss than 200. lNorth of the
concesaled fault the lodelo fozimatian is missing
and the Plco direotly overlics "he Hint Canyon.

This f0ol1d hae apparetly saffered two periods
of defommtion, the first oceurring after deposition
o7 the lodelo and probably conteaporansously wilth
the faulting bv means of which the !fodelo was removed
from the northorn half of the fold, The second pere
iod of foldinz was mubsequent to the deposition of
the “aupus during "he perlo! of Pleirtocane diastroe
phlume These ™latlonshilipe are Indicatad in cross
spotions =AY :nd C=(t,



&mﬂweab of this syneline un% abutting into
it at an a roximate angle of eo is an antieline,
(Pige., 98, b)e This fold makes 1ts first appearance
in the Modelo formation nerth of ‘h. leadwaters of
Placerita Canyon. PFrom this point 1t trends mou"ﬁ,
the axis lyins almost emtirely in he Nint Ceanyon
formation with Seagms lapping op aleng ‘he soothern
flanke

The fold 12 dlatinetly asymmetric with steeper
dips on the north flank, Tho faums formation hae
mnmmdipwmm to the south and the int
Canyon undoubtedly dips under it at a higher mgle
as indicated in section AeA?, Dut on the north flank
thwamdipaint;‘m dthmmingum@
u'?o mﬁmmuvmmafuboutw Structure
eoction DeD' Lrings ocut this asymnetery more clearly.
There appenrs to be a plunge and fiattening cut o
the Told westward vhere the Saumis mntact bende
around toward Santa Clara liver and the dipe are
westerly in Jdrection. In the vicinity o the lLos
Angeles agueduct 'he “anme flattens for a shord
distance forming & small monocline, but the dipe
slmost lmmediately become westerly aga.n until they
reverse noar “aker fameh forming a soall syncline which



Fig. 9a. Looking southeast along the axis
of the larpe anticline paralleling the San Gabriel
fault,

Fig. 9b., Same anticline farther west.






trends northeastorly acrosc fanta Olara River,

The nath flank of the large anticline is
broken Ly a pair of sharp folds as shown by sty
ucture sectlon DeD?, Doth the antieline (Fi-ze 10u)
and eyneline are steeply folded and plance 15 or mo
northwest, Thelr axes trend usso de The dips ran~o
from 40 to '700 on oithwor flank of the ‘olds and iIn
several plsces near Nhe axis of the mtiecline avo
very nearly vertlieal. The folds do not show any
mronounced asyrietry, althouth the atrata on "he
northeast flank of the m ticline diaw n steady do-
erease In #Ap away from the axis, Somewhiat south
of section line D«E?f an ash bed, Inchuded !n the
aticlinal old, shcws the structure very cloarly
(Pip. 10b).

wo folds csecir in the ‘aums formation, omw
north of the Man Oabriel fiult, the other south of
it near Placerlita Canyoi. The former in a goentle
fold with dipe not preatly excceding 200. It 18
cut off by ‘he fan Cabrigl fault at its west end,
The anticline is s short, dwrp fold plunsing
southweeterly.

4 mmall symelinal fold with a northeast tronde
inz axis occurs in the odelo md 'int anyon formae
tions adjaconmt to Jerman Cenyon ani minor .tlmre W e
found in the Wint Canyon near Salphur Sperinss “chool,



Fige 10a, A small, sharply folded antie.

cline in the liint Canyon formation.

Fiz. 10be The same anticlline with the

structure outlined by an ash bed.
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Times »f Deformation

s ohowm by the lepond (Plate I) evory formew
tion 18 semrited from e one sdincent to it by an
uncanfornlty representing wn interval of eroaion o
Mastrophliem of greatry o ,llaasermmim‘.ea ™Mo
least carta'n of tlese Intagrvols la that of sepaAraw
ting thr '&delo formtion ﬂbmm tzm wdorliyin- int
Canyone Iin view of tho f‘aek that “he int Canyon
1s a locallzed, landelald mg}?mmmﬁ the iodelo n
willesmroal m&ri&m forna tlion z:ﬁ,h«*v‘l tie absenes of any

|

of denonl'ion the author has %&‘blﬁmﬂ the peneral

conclucive evidence nolnting m \a contimons seqguence

m-oce(a«é_m,w of aenapatin- the t‘"n unlts by m aneonfors
3
mity o 4B the Iiolnlo fowutiam ﬁwa mch 8 sllht

s \

(2&) Idem, P » OB

I " T
Aot

argal extent in this reslon //'itl"b imnoytance in the
structual relation is not 4':3*0&\!‘:.

lesowera In the reciom ?Qn int o \{mvor formae
tion rests Jdirectly uniop nlfﬂmr the 1}\:: O CauTue
Fornationn, md, as showun Ly soC ﬂ;lmm -;! ‘x:;u (e, ?
(Mato 11) 1t is more intennoly,CHlded _— tﬁ@
mactbers of o Uorrando oPouDe % ﬂmcluqiox@ folw
low: that € tho ond of oislo *.;i(%ﬁl&a«:e ho aroa 7{\%@\
subjectod to defawmation involving ,f'omhr md fiulte
ing with sufficlent 'lml.l.('t to have "Juoh of ’t:!(m odi\*lc
formation remove:l by orosion, m*mx this, ftho ma@.

Ldocone opoch of deformmtlion, moct oz‘“‘f.uhe au}ue‘&:ums
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found In the nrea were hHloelhod outse “he major
ayneline witiz its burded fuult and the major antle
cline wth 1te two subaldiary folde undeorwent Hhelpr
firat nerdod of oldin-. Pos ihly "}*-.e ntieling
and syneline near Mlacerita .anvon were portianlly
devoloped at this tlre nlao. if 1s doubtful who=
ther the an "ahrilel mulf, or warsinal fanite
saparating the mountaln mase rom the sodimente
wore formmed at this tlime,

The =mall exposure showine Plco in contact
with “aumig, with the ‘int “anyon formntion olsee
whore nlcing direct contoct with the  auous forpae
tion Indicates an interval of erosion separating
the two wewdbers of the "ornando group, ‘ot much
evidence as to tho nature of the uplift is forthe
caming as no mood conparicon bhotwoen the (ipe of
the Saurus and Pleo formatlon could bHe found In the
gyneline wvhere they are expcsed topotier, “hin
evidence points to the conclusion that in postelicq
tine t:hc: area war uplifted uin:d possibly deformed ‘
slishtly, thus allowin- the removal of a larpge
part of the Pico formmtion bofore deponition of
Sansune

~ubsequent to the deposition of the “aurnas
formation thls re-lon apa in underwont defarmtilon.

Deforsation was renewed on tho Tolds this time
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involving both members of the Tgrnando group snd
accentuating the folds in the older underlying
formations, ‘he "uarternary terrasce deposlts lle
undisturbed over the eroded edges of tho upturned
famuguas formation indicating that followling the
interval of posteiaugus or Fleistocene defoermation
the basin has remained relatively quiet with only
a slight amount of uplift. The crystalline mass
geppears to have become the wnctive eleuwent at this |
time, pradually beling uplifted to 1ts precent ele=

vatione.

Heghanica of Defarmatlion

In consgldering the mechanles of the deformae
tion mffered by the “and Canyon aren, the time
elonent 1s bost kept in mind by dividing the consl=
deration into two general periods. The first we
shall eall the Pre«Pliocene periody the second the

Pleistoceno period,

1) Pre=Pliocens Perilod

The pre=Pliocene structual nlcture first of all
invoives the concept of a basin, or nerhaps more
mroperly, the southern edye of a basin, of unknown
are, but certainly presiiiocene, in which 1s deporlted
a8 land 1aild deposit, +the Int Canyon, Above thie lilen

the marine Jodelo. At the end of ''olelo time this
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portion of the basin 1s defomed and the thin
layor of sedlmente folded nd faulted In the
manner chown by Pilge 1l. The problem is to dee
termine the nature of the forces prodicing this
arrangesent of structurec.

Assuninz the Cdlde to have easliest rellief
upwards and the fault %o be revorse with = for
the sake of asimpliclity = dip allp movement, the
foldes would appear o have been produwed by the
action of two mete of "orees, one acting in a
direetion 1‘1300755, the other zz»ssor:. The genoral
trend of tie folds in the Denta Clara Gasin
incilcaters & comprescion or shortenling from north
to south, If tho mresent dey crystalline mase
south of Placerita Canyon ia asny indication of
the southern margin of the basin at the ond of
tilocene time, this would form & stratie bulwarl
tending to resolve tho forces locally in a direce
tion about imol%z. The othor set of forces is
more Aifflioult of derivation from a seneral northe
south comprescion, It might beat be explained by
the proximity of a northeast trending basin margin,
occupying approximately the poaltion of the present
sedinentary-motamorphlc contact between fand Canyon
and Seledad Camyon. This section, however, would
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have to beo actively in motlon to moluco ‘e
naecossary cross ol 1n W Lt ndoht, for oxanplo,
have “een underpoin: a lacal upwarplns whleh
would tend to induce a certaln amount of dhortens
inge

2) Pleistocdene Period
The structural pleturs Juring the second

major period of deformmtion 18 shovn on the
etructural eketoch map (Pilse 12). 014 “tructural
trends are stlll present and soms of them aetive,
hut only olishtly 0. New atructures have hoen
Introducmi, hut are cmlined to the marsins of tho
Dnaling

The =ituation iz @Amilar to the sarlisr ong
in <o far as comprecasive streenes have acted on
the foldsm In the sedimente. ut the preamnce of the
new structures ‘vev not apmear o he senetically
relate! to he sarlisr forcen, !ﬁwe the structuros
nre ateep dionineg feulta more nearly to bw classed
ag noprmal than othearwilse.

Inferoncea an to the nature of the forces
causing this latter atase appear to he 20 implavse
ible that ‘he author does not foel competent to rmo
farther than fo »0int out the faet thmt there
appears to be a chante in the tvpe of orogeny afe
fectin~ this area during the latter perlod of doformaws

tion.



OTOLOGIC A1 TOoRY

A brief outline of the princinal ceolo-ie
events is given here with £:0 wmtho: 's emelus lone
concarning the defmrmmtlon »f thie pogin:

1). Pre=Jurassic Intrusion of ~ranitic bathow
1ith Into Cretaceous 'n! pree=tretacecu: sodimont. .

2)e Tormation of a basin of depo-ition for
Tortiarr selimontn,. |

3)e Depouition of the "int Canyon Tormation
in upper .ilddle liiocane Cime with o poaa&bilitﬁr
of a "Mt stanine mosse noarby to the oast and
south east,

4) . Deposition of the murlne lodelo farantion
above “he 'iint Canveon wlth a nrobable interval of
erosion and deformation,

5)e Posteilioeone dlastrophian forming folds
and fmlts in the sedimentary series, mnd caused
b forces act'n  In direction moox«: and rzsson.

6)e Depozition of maring Plco followed Ly »n
interval of eroslon,

7)e Deposition of the faurus formetion b llawed
by a neriod of doformmtion vich inyolved the rofue
venation of wowoxlsiling atructures n! the iIntroe
ductlion of new lines of movem nt, tiv: never defor=
mat lon, however, bein onetically unrelated to

the Tormer.
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8). Period of quiet during which "umaternary
terrace depoaitis wore lald down followed by 15 te

quaternary uplift and dissection.
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