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SUMMARY

The area investigated 1s located in the southe
eastern corner of the Santa Clara River Basln in Tos
Angolu‘ County, California, near the towns of Saugus
and Newhall.

Five formations of Tertlary age, bounded on the
south and east by the basement complex of the San
Gabriel Mange, are found in the area. 7The oldest
formatlon, the Mint Canyon of upper Uiocene age ie
suecesnively overlain by upper Niocene Modelo,
Pliocene Pico, Pliocene~Pleistocens Saugus and
Pleistocene Terrace deposite.

These sedimentary format'ons have been folded
and faultgd during two major periods of deformation,
the firet at the end of the Nlocene period when they
were acted upon by compressive 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
erystalline masa of the San Oabriel Range. The
latter peried of deformation oecurred after the
deposition of the faugus formation during Pleistocene
tine,
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INTRODUCTION

Location of Area

The area in which the fleld work for this report
wae eo,m:iod on lles in Los Angeles County, California,
about 25 mlles north of the city of lLos Angeles as
ghown by the sketch map, Fig. 1. The nearest town 1is
Newhall at the western edge of the srea. It lies on
the main highway (U. 2. route #99) rumning from Los
Anpeles ta Mojave and the towns of Owens Valley.

The ghior portion of the arse is covered by the
northern quarter of the United States OGeologilcal
Survey map of the Sylmar guadrangie and projects
slightly 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 drawm on a scale of 1/24,000 with a contour
interval of § feet below the 1,900 foot contour and
25 feet above this elevation. ,

The Santa Clara River flowing along the northern
boundary ls 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.
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Size and Natural Boundaries

The repion under consideration is roughly
triangular in shape, the base of the tfiangle
being formed by the !ianta Clara Rlver 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 aresa of ﬂnia'triangle 1s approximately
20 to 25)square miles, most of which was covered

by the weiter 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
Technolory. The work forms a unit in an extensive
areal mapping program designed to cover those
portions of the Santa Clara Hiver basin lylng between
the San Gabrlel Mts., on *he south and the erystalline
massif extending eastward from Liebre Mountain on the

north,



It is hoped that by the {inal plecing topmether
of a number of detalled ~tudies, made pos=lible by
the splendid series of larpge scale mapz that are now
in the process of publication by the United  tates
feclogleal farvey, come light will be died on the
problem of Coast Range structure.

fuch of thile area = ineluding that s'mdisd by
the author = hae already been mapped ~nd described
by J.”.Q{ Kew In U.%.M."s Pulletin rmamber 753. Thila
work, thﬁn. cannot be congldered an original investie
pation of a previously unknown area, but is to be
taken merely as an atbtempted refinement of an extensive
recommaisance map. In view of the area covered in i
relatively ~hort period of time on small uaale'mapn,
the author has been amasged at the general average
aceuracy of this earller plece of work md advances
with some trepildation what sli-ht chaﬁgaa he has
felt called upon to mlke.

The writer here wiches to expresn his thanks
to Dr, John He Maxson of the Californla Institute of
Technolosy for havin: sugsested this plece of field
work and for hls many helpful sugrestions and criti-
¢lem during the course of the fleld work. ‘he author
aleso feels greatly indedbted to Hessrs. Curry and
Kemmitzer of the same school {or their ald and comments
during nortions of the fleld work.



The “and Canyon area contains the first low serilea
of hills lmmedlately north of the hich, ragred ‘an
fabriel lHts. The maxlmum elevation attained in the
sediments is 2,300 feet at a point in the southweat
guarter ‘4 of the area. The ridges decrease in altitude
north towards the Santa Clara River and nortlmest to
fauguns. The lowest elevation, 1,150 feety 1 at Saupus,

Prom thies 1t is evident that the rellef within
the aa«.unz;sntl is not very great as ths maximum Aif{orw
ence in eiwation in only 1,240 feet, This fact
baecomen aven more apparent upon camparison with the
slopes found in the Lmwwdiately adjoining “an Gabriel
Wountains. lHere differences ln elevation of 2,000
foot or more are common, while in the sediments the
averagze relief does not exceed 275 feet,

Pige. 2 shows oclearly the relatively much finer
textured topography found within the sediments as
compared to the adjoining erystalline mass, Long,
steep slopes deascond from the hlher elevations of
the latter, cut occaslonally by deep canyons and only
slishtly dissected by minor ctreams. On reaching
the area underlain by the soft sedimentary formations,
however, a striking chanze tskes place. The ridges
become strongly dissected by many amall ravines, the
floors of the larger canyons become wider amnd more



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

mentary rocks and the basement complex (bec).






heavily alluviated, in short, the whole aspect of
the louwer country is constructed along finer lin-a,

Within t)ﬁ sediments not mich difference 1lc to
be observed in the topography of sectlions underlain
by different formations, ‘The coarse gravels of the
cmtom;ry and Saugus formatlons tend to slipghtly
coarser textured -lopes while the maximm fineneas
of dissection is in the uint Canyon., The difference,
however, 1s small and is greatly overshadowed by come
parlson é’:}un the toporrarhy of the main mountalin manase

vlowling from east to west alont the northern
boundary of thls area, the Santa Clara [iiver is the
moat Ilmportmt factor governing its dralnnge
pattern. Along the north front all canyons enter
directly into the “anta Clara, The largest of these
is Sand Ceanyon, from which the area derilves its nnme.
It 1s formed at the foot of the “an Cabrlel 'ta. by
the junction of several canyons, It has a broad
alluviated floor sloping nortlward about 96 feet
to the mile,

Trom near the head of fand Canyon a long astralsht
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 vwhich flows west to lewhall alonz the genaral
line of contact between the cryatalline rocka of the
San Cabriels on the south and the sedimentz of the



fanta Clara basin, About midway of its length a
point of erystalline rock projects acroess its path,
t rou-h wvhich it win'e in a marrow corge. It has
an average gradient of 74 feset per miled

'Ijhe{atmm of the resion does not seem to
exort a ve y strong control on the drainage. Of
the larzor streans, Placorita Creek neens %0 o the
mo t stroogly influenc d, in this case by the contact
betwoon the hard metamorphlcs nd the sediments, The
presancd of tho rorge cut throuch hard roek is a
rather ahomalons feature in this explamation, but the
tortuoue course that It parsues in this aecbion e
gaste that it became entrenched durins an earli »r
cycle of arosion urin: which time thils area was
overlain by sedimentary bede.

Although Placerita Canyon is 'he only major
drainage line mmvlng evidence of emmtrol, many of
the =mall gullies feedin: down fram ‘he ridges
clearly parallel the strike of the underlying strata.
Thls conformity is frequently valuable in yimaus‘ingg
the structure vhen the “lopes are too bmchegovered
to yleld many outerops,

Two physlographlc features give a ¢lue to the
history of the reglon followine tho deporsition of
the “aumes formation during the early part of
Plelstocene time, "The first of these 1a the uplift



of the San Tabriel Hts. along lines of a faulting
during such relmtively recont time that there is
8till apparent a partlally dilesected fault scarp
facing the sediments, The flat lying terrace
deposits t'nmém:inn the upturned Saurus formation,
however, point to a perilod of qulescence during
this uplift. The streams within this region went
through a period of aggradation, depositing odb.rso
debris derived from the “an fabriels over their
extensive) flood plains, Followin: this period of
quicsconcd In the basin a general slight uplift
without folding has allowed the streams to cut
Into the teréacea.



SPRATIORAPHY and PETHOORAPHY

GJeneral @ tatement

‘he formations enccuntered during the fleld
invostigations are five in number, all of Terilary
aro ranzing from upper iocene o Tlelistocrne.

The oldest present 1s 'he Mint Canyon, a land
lald deposit which 1s overlain unconformably by
the marine odelo of upper "locene age. Above this
comes bhq‘ Fernando group, the lower member of which,
the Plco,lies above 'he 'lodelo unconformably. The
Plco i also marine, It is in tumn separatgd from
the "aupun, upper Plloeene, by an unconformnity. In
the "and Canyon area the “augus is robably a river
deposit. Uppermost in the series comes the Pleisto=
cene Terrace deposits which lle without dip over the
upturmed edjes of £h§ Saugns and older formationg,

A generallzed section iz given showing the
relation of the rocks exposed in this area to older
members of the Tertlary section of the Los inpeles
rezion (Pig. 3). ' Approximate thiclknesses are miven

(1) Ka" "qu‘"‘l"'-‘i’ UUE.G*‘F(.‘ mll. 75‘3' pgq 6’ 1924

for the formations at thelr type loealitloes,



Geologic age

Kew 1923; U.S.G.S:Bull. 763, 1924

Parts of L.A. % Ventura Counties

Quaternary

Pliocene

Alluvium

Terrace deposits 250!
i T S O ——
Saugus formation

(u.Pliocene & Pleistocene) 2,000
P ey e e e s et i

Pico formation (l.Pliocene) 4,000

Unconformity

Miocene

e S N, S S A e
Intrusive basic rocks

Modelo formation (u.Miocene) 9,000!

Mint Canyon formation
(u.liocene) 4,000

Topanga formation (m.Miocene) 6,000

e Nt

" Nt

e e e e e s P ettt ettt
Vagueros formation (l.liocene) 100-1,800!

Oligocene

SBspe formation {DligOCehe) 3,000=4,000"

Eocene

Unconformity

Tejon formation (u.Eocene) 2,000!

d e e

Meganos formation (m.Miocene) =z,000-3,000'

-——?M———‘

? 3 =
Martinez formation (l.Eocene) 1,500-5,500!

Chico formation (u.Cretaceous) 5,500!

Cretaceous e e e i TN ~ o
Absent
Unconformity
Jurassic 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 detalls of the petrolony of such of ‘*he

eryatalliine rocks of the ZJan Gabriels as occur in
the tand Canyon area have not been worked out by
the anthor zince the major concern of this problem
1s wm{' the structures in the sedimentary series,
not the crystallines. In general the age of the
metamorphie rock is gonerally assumed to be pre-
Jurassie and most of the igneous intrusions by which
they az«e"}inva.ded are thouzht of as having occurred
at the uha time as the igneous injection of the
“lerra levada in late Juraassic or early Crotaceous
time,

iint Canyon Formatlion

The first description of the 'Int Canyon formae
2

tion was published by 0, H. Hershey who gave 1t
tﬁn name of the Uellenia series, It was later renamed

(2) ?‘IOI‘M' Ve nq'

by We Se Ve Kew who applied to It the rame !int Canyons
"Above' the conglomerates of the Seape (?) formation in
the upper nport of the %Yanta Clara Valley are beds
severnl thousand feet thick which have bheen called by
Hershey the "liellenia series" and which from their
stratigraphic position mnd fauna are believed to he
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of upper Hiocene age, As the term "liellenin”, so

far 28 fould be ascertainedl, 1s not a place name, ind
ites origin is doubtful, thias series of strata 1s here
renamed, to corresnond to the rules of nomenclature of
" the United "tates Oeoclosical Survey, and the term
int Canyon formntion is adopted hecause the beds are
particularly well developed in the ''int Canven

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

(3) Kew, [atiaiiey Us®als o Bulle 753, pge 52, 1924

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

The int Canyon, nz exposed in the type area,
has heen shown to be a land laid deposit resting
uneonformably on beds queztionably reforred to the
Y“eape by Kew.té) In the  nme hulletiﬁ he glvesa a

(4) Idem. pz. 52

thickness for the depoaits of 4000 feet plus or
minuse. The meneral eharacteristics of the formation
in the type reslon are those of a variable sandstome

(5)
and conglomorate. ‘ccord!'ng to Maxsong "Beds

(5) Maxson, J,HU.§ 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
gedimentntion, although it was observed t!mt heds of
reddish tinge predominate ‘n the lower part of the
exposed section, Interningled Lrownlsh and graylsh
beds in the middle portilon, and grayish colored
deposits are particnlarly in evidence in *he uppere
most portion. Gray beds are, however, conn:mi. throuhe
out the formation, and the more highly colored deposits
do not fMow sufficient repularity in their distribution
to be uu&!‘nl in establishing gones.

The lower beds are largely coarse red snndsﬁonm
with 1nterb§dded grayish smd reddish ailf:.m They are
ocoanionally fosasiliferous, In the middle part of
the formatlion bLrown solly members and gray silty mene
bers, both fossiliferous, are Interbedded with coarse,
gray, orossbedded conglomerates and fanglomerates.”

As exposed in the Sand Canyon region this formae
tion represents a southward extension from the tyne
aroa almost directly north on the other =ide of the
Santa Clarsa Valley. lers they represent the lowest
beds exposed, resting directly on the basement complex
along the eastern margin of the area, Their general
charactoristice agree with the deserintion quoted
abwve., Hetween “and Canyon and the esstern margin

of the area the bedse have an average strike rom
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(<] o
T10=20 = dipping HW from 20 to 30 . They are coms

posed of incoherent brown to gray sandstomes with
interbeds snd lenaes of pebbles, and occarional beds
of better consolidated silty to shaly bods (Pig. 4a)e
llear the mouth of Bear Canyon In the southeast corner
of the area a heavy, brown colored conglomerate =
almost a breccla « was noted. It was composed almost
entirely of anpular to subangular cobblea of metae
morphic fxnd igneous rocke. The beds were traced southe
ward to ;‘ho low ridge separating Coyote and German
Canyons, but conld not be followed north of Iron
Canyon. They apnear to be basal bede,

At the divide separating Placerita Canyon {ron
Sand Canyon a soft shaly member of the !iint Canyon
is exnosed which gives rlase to rolling toposraphy,
stronsly inclined to slump, 7The shale 1s greenlsh in
color and very inocoherent. Iwo ash beds occur in thils
pection separated by nbout 100 feet of mateorial,
Helther bed is over 10 to 16 feet thick, and the
lower 1s very discontinuous (Fige 4b)e The upper
bed was traced for come (dictance and 1a Indicated
on the map (Plate 1) by a seriees of dots,

In the vicinlty of the small antleline and
syncline in the northern and central parts of section
28 the Mint Canyon outerops as a escrles of gray sande
stones mad conglomerates o different derrees of



Fige 4a. Gray, shaly member of the Mint

Canyon formatlon, cut by a small fault.






Fige 4b. Ash bed in the Mint Canyon Formation
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consolidation, Ash beds were aguln found Iin *his
vicinity, none of vhich econld be traced for any
distance. The most persistent bed is shown as a
series of circles where it bends over the steeply
dlpping ‘uxia of the smmall sntieline, A thin, browm
sandatone, hard end flagry, outerops at one or two
horigons in this sectlion., It frequently shows woll
developed ripple marks,

The 1litholory and nature of the contained
fauna m&)eam tat the liint Canyon was laid down
on land, '!'I'he tedas of =2and and eonglomerate with
their latersl varlabllity indicate stream deposition.
The presence of beds of shale point te perlods “hen
deponition took place 1in bodles of gqulet water or 'n
very slow flowin: streams, carryinr only the inert
materials The basal conglomerate hods mentloned
above polnt to an adjacent, high standling mass of
material sssentially the same as that composin- the
present day ‘an Oabriel ¥Wts, Althoush it would be
rather hagardous to suggesat that the mountalinas as
blocked out by the famlts of today wore present
during Ylocene Llme, 1t dooa 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

most extencively oxposed farmation In the area, Along
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the eastern margin it abute directly agalinst “he
metamorphic rocks of the hisher mountains while in
the southern and western portions it is overlain
directly by the Saugus formmtione. Throughout the
northern half of the large northwest trending
syneline it is overlain by Pleo and only in the
relatively amall area north of the headwaters of
Placerita Creek does it underlie the lodelo forme
ation. “

The stretigraphic position of the uint Canyon
1s not as yot caapletely understood. iuch of the
work on this questlon has b en done by Dr, Maxaon,
who, from his sztudiea of the vertebrate fuuna
collected in it, has placed 1t as a near correlati e
of the ‘arstow beds: "Paunal relationships suppeat
that the Mint Canyon ormmation 1g youncer than the
Mamcall, Virgin Valley, and Cedar Hountaln occurences,
while closze to, although somewhat younger timn Darstow,
The Rieardo is N ishtly younrer than the Mint Canyon.
This evidence appears 'ufficient ‘o assign an upner
lilocene age %0 the formation, Purther information
bearing upon age is given by the stratigraphlc position,
If the overlying mrine formation is of aprroximately
Clerbo are as believed by Woodring, the Wint Canyon
formatlon is precluded frou occupyins 'he uppermost
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part of the liiocene represented by ‘he Janta
Hargarita mmd poaasibly by a nortlon of the Clerbo,

The iint Canyon formation 1- further depresred in

the geologic colusn by *he hiatus during which dee
formation and eroaion of the lint Canyon beds ocecurred
baefore submergence an! deposition of the overlying
marine series, Taking into consideration the facts
avallable, it appears that the !lint Canyon bedsa were
demuitm} daring np?gt)udmntely the middle portion of

\
the upper !fiocene.” Re he “tirton, in a recmt
W

(6) ldem. pose BH=86

(7}
publicntion, has interproted the evidence of the

(7) f’ﬂtll‘ton, Huﬂt" im. Journal 1“'(!1.., Ve XXVI, m.570,1955

mammalian fauna slicrhtly differently, making the Hint
Canyon a correlative of the Hleardo-Kamerelda serles
thms placins it higher than the Darstow «nd more nearly
an equivalent of Yoodring's “"Cierbo” formation, "hich
of these two views 19 correct remaninsg to be seen, ale=
thoush it scems arparent 'hat some 1isht might be

shed on ths question by a careful investigation of the
lodelo (?) where 1t overlies the 'int Canyon. If a
more extensive fauna were collected which checked Dr,
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(a)
Voodring's determination, it would not soem

(8) woodring, W.Pe3 JQlls GueleAal Vvoles 41, Pge 155,
1930 «

plausible to place tae Mint Canyon at m?g}y the
saome time level as the Clerbo as Ctirtom: has done

{g&ammtm. fMehey Ame Jour. Z%¢il., vol. XXVI, pg. 569,

in hie correlation table,
The followin;; faunal list 1s taken Irom Dr.

{10)
Haxson's deseript iong

(10) Vaxson, J.H.y Camn, Inst, Washington Publ. /404,
mg. 8‘7'-1.11. 1350.

Testudinata

\ves
Carnivora
Aelurodon ap.
Tamomorphl
fiypolagas ° ef'. spachenals Cazin
Proboscidea
Trilophodon sps
Tquidae

Parahippus 7 (Archeohippus) noar
mourningi Jerriam

terychippus sumanl lerriam
Herychippus ap,
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Herychippus (Protohippus) intermone
tanas 'erriam

Protohippun ap.

Hipparion 7 mpe A

Hipparion 7 sp, B

Hipparion ? near mohavense Yerrism
Ahinoserotidae |

Ehinocerotid indet.
Tagassuldae

Prosthennops ? ape
Camelidae

Hiolabis Californicus neap,

Alticamelus 7 sp.
intiloecapridae

Herycodus near necatus Leidy

Antiloeaprid indet,
Oreodontidae

Oreodont cf. lerychyus

Three localities witain the “and Canyon area
have ylelded fos:il remalns, The first 1s loecated in
the northern part of the southeast quarter of section
35, in a bed of gray sandstons forming a small bluff
close to “and Canyon, /.t this point was found Pro=
sthennops 7 sp. In a rosd cut just south of the
railroad in the east eontral part of section 23 was



w 17 =

found the lower jaw of I"pohlpmis (Pe e The doe
scription of this form han not yet Loen publl hod,
Finally In the northoast quarter of section 32 where
the int Canyon formation abuts aganinst the “an
Gabrlel -fault a ¢onslderabls amount of soattered
mtpz’inl wne found by Yr. Curry and the asathor in

a bed of =mft pray ehale, UVone of this material
has been identified yot, bDat with Murther 2k in
this m\n%my, dabtless more diagnontie naterial
can bo rm;pﬁ.

rug,ode,ll_o ":"! Foroat E

The Yodelo metion(ﬁ? anparently first dew
soribed by F. I, Fldrldme from the type reetion

(11) Fldriice, « He3 Ue oBete Bully 300

in leodelo and Hop?;g Canyona north of tha Santa
Clara Valley, How 1ater redefined the formmtion

to include mame beds that “ldridpe 'md placed in the
Vaqueros. Kew states: "As redeofined the iodelo farne
ation ag regates 9,000 feet in thickness, It 19
primarily elay, diatom aceocusn shale, mnd finee-grained
laminated andstone and cherty beds, anl contalne
agze lenses of coarse browm and tan sandstone about



4,000 foot in maximmm thiclmess., It reats uncone
farmably on the Topanga formation, md ls unconf{'ore
mably overlain by the Plco fomuatlon, the basal
dvision of the Pornande group."

In and near the %and Canyon ares, litholopie
eally similar beds, unecnformably overlyins ‘he
iint Canyon formation, hw:aul;m tontatively assale
god to the todelo by Kew on the bansis of thelr

(13) Ideh, pge 67

-muxgr;mo position and & 1limted invertobrate
fauna taken from Haskell Canyon, This formation
has about tho smalleat areal distributlion of any
of the formations found in the Sand Canyon region.
It 1s eonfined to the soathern end of the large
northwest trending syneline, in the vicinity of
the divide separating Placerita and Sand Canyonse
It 12 also involved In a small ameline just smth
of the larger one, In both of these locallties,
the Nodelo overlies the Hint Ceanyon presumably
unconformably, although no dlrect evidenco wae
found in this region. At the south end of the
large ayncline 1t le overlain by Pico while somoe
what farther wost it lies in oontact directly with
the Taurun,



Tho bede as exposed in this reglon are generw
ally erecamy to buff colorsd, thinebedded mnd dlae
tomacecus shales (Pige 5)e These seen to rade
latorally alonz the south end of the larpe syncline
into bede averaging 10 to 15 feet in thlcimess, but
otill composed of fim grained materisl, In the
suallor syneline to the svuth a aimilar series is
oxposed with thmn thimmerwbedded m terlal overlylng
the thilcker beds. Throughout "heo area In which it
is umqml', the liodelo dhows the characterdstios of
an 1wumpbmt formation, Dipa are everywhore variae-
bleo and emall flexures ~an be observed Iin any extensive
exposure. It supports, mainiv, a rether thilok sag brash
mrowthe

In the nopthwest corner of sectlon 2 fust above
the lint Canyon contact a few pelecypods were found
in the sale. These were not ldentifled, mt they
were evidently of marine orizin. Apparently the forme
ation was depositod under deep water cond ltions at
e time when the whole Santa Clara basin was invaded by

an arm of the ocoan.

Pico Fommation

The Plco fommation is oxposed only in the laype
syneline lying Lmnedlstely west of “gnd Canyon where,
at the southern end it liece abovo the Nodelo dhale
and below the Seugus foroations In the contral and



Fige 5+ Bluff of Modelo exposed in

Syncline near Sand Canyon,






nor thorn portions however, 1t lles botweon tie !int
Carmyon -mM “auagus formations,
The Pico as {irst described by Fldridoe and

(14)
Arnold wap not differentisted from the Saupus

&

(14) *ldridpe, R.lep U.%.0,7, Pull, 300

formation, the two u:(xfigs; beinr called the F‘gmﬂnﬁo
Oroups In 1923 HKew named the older unit the

;;1

{(15) Kowy lielsie} Ame i88s Pots Gools Dall. V. 7,1920

Plco formation on the bLasis of the unconformity cepw
aratins *he teo wnite and deseribed Pleo Canyon, ios
Anpeles Coumnty as the type locality. Keow thua def hoe
the formt lont M)”It iz of marine origin and consists

(16) Kaw, {-’ﬁ"nﬂ'.ﬂanl .Usﬁuauna Mall, 763, po. 70, 1904

mainly of both Tine and coaree mralned sandstones with
a Pfow Interbedied strata of conplomerate, It rosts

unconformably overlain by the laurus formation,
thoe unconformity botween “he two (Pico snd Saugue) is
marked, and the separation 1s made lappely on that
baglf,weevanwws The fauna in the Pleo, from which
large colloctions have beon made at Rlesuore Canyon,
indicate tmt it 1= of lower Plioccene age."



In the fand Canyom area the bhest exposures are
to be found near 1te northeorn limit vhere it mterops
as & prominent bluff, The mterial here in a I he
grained, inspherent sand, a dull brownish in color,
It tends to woather into steep tanks, at times ap-
proaching a ‘badlands' topography. At the base a
fairly connist:nt, white colored basal conglomerate
wag observed, in which the pebhles were bemutifully
romded, lear the top it vhowed a tendency to grade
laterally into a coarse conglomerate very similar in
appearance to the “aupus Tormation. In several nlaces
this led to some oonfusion as 0 the accurats placing
of the comtact betwoen the twe formatlome. Invertoe
brate remains are scattered liberally throughout the
foroation md are often useful in fleld 1ldentificat ion
where the formation 1o underlain by 'int Canyon beds.

Invertebrate fossils are sbuniant tSirou-hout
the exposures of Plco, esprelally near ite northom
iimit, In the southwest gquarter of secction 27 pase
tropods may be found, loosely weathered out of the
sof't, unconsolldated bods, In the weat central part
of section 27, on the shoulder just weet of the road
leading south from lumphreys there is another good
occurrence, It was in this resion « specifically on
spction line 27«28 « that the elmll of a cetothere
was Lound Ts L. Parion: and descrided by Remingbon
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(17)
1logg. The akull is described as ohowing the

(17) Keld Remingtons Unil, Calif. Publ., Vol. 18
Doy 440-407 1920 ‘ ' '

oM

prinltive o?nmmristiea of Lower Mloconn, opr earlior
whales and therefore rreeenting a deeclded anomaly in
being found in a formation of Lowor Pliocvens are.
Unfortunately its incarceration in a caleareous boule
der brings up the poselibility of its heing secondary
in oricin and not truly representative of the Pleo.
The larse nroportion of fine material present
in this exporure of ‘ico pointe v devosition in
deep, quiet water with either a dlstmt or low lying
land mass contyibuting the sediments. This view is
altered somewhat by the presace of interbedded cone
glomerate lenses indicating a rapld transport of
matorials. It is poseibdle that thie perlod of depow
sition le eharactorized Ly rather abrupt changes in
lovel of the adjoining land masa,

Seugue

The apper division of t(ﬁl:g )Famum Oroup was
first recognized Ly Hershey who desoribed it from

(18) Hershey, 0. f.3

the type locality near Saugus, California, at the



northwest end of the “and Canyon aren, Its serial
extent is perhaps the preatest of any encountered
durdng the fleld warks BSwinging in a broad are from
foledad Camyon over the nose of hills pwjecting out
toward Saugue, 1t ewings into Plaserita Canyon, ex=
tanding almost to the headwaters of thies creek. On
its southern md western flank It 1s unconformably
overlain by Pleistocene river gravels, md on ite
northern margin 1t overlins the !int Canyon. In the
isolated =yncline mear Send Canyon 1t is found lying
above the Moo (FPig. 6).

The physical characteristics of the Sausue arve
variable. Along tle upper part o Placerita Canyon
and In the vieinity of “and Canyon % i1z almost enw
tirely o eoarse conglomerate, & rediish Ywowm in
eolor, with omly occasional lenses and beda of sand,
The boulders are all of imeous and metamorphic orizin
suggeating a derivation from the nelghdboring hills,
in plages they attain a ood slse, bYeing 2 feet or
more in \lameter. Procoeding naorthwestward the beds
of loose sand Lecoms more comwn while the heavier
beds die out until, in the vicinity of Saurus, the
formation is almost entively Tommed of poorly come
sclidated, coarse to modium sandstone, varying from
reddish brown to gray in eolor, 011 sande occur In



Fig. 6. Exposure of Saugus sandatone and

conglomerate overlying the Pico,






one or two of the ssaller canyans tributary to
Placorita Conyon.

In this recion the devnosits seon to be fluvie
atlile or deltalc In cccurrence, ns mpgrestod by

(19) (20)
lerdhay and Hew. Faprthor weat tay are

{19) Idem,. Pe 360,

(20) Rew, W.Se%Wes UseOoS, Bull, 753, pgs. 82«83,

mupposed to be mrine, fossile Maving been found
at various localitles. |

The Seugus, then, is made up of fluviatile
md doltale conglomerates in the vicinity of Plas-
cerita Canyom which grade westwnrd and northward irdo
marine depositc,. Noreover, the rockes couprisling the
sonrlomerates is made up of material typleal of the
crystalling mase of the San tabriels., The inference,
as in the case of the Mint Cenyon basal con;lomerate,
is that there was a high standing masa immediately
south of Placorita Canyon urimg depooition of the
Saurus format iom which shed sediments northward into
an ocean filled basin, It seens probable from this
that during the postePloo uplift and eontimuing into
the perlod of deposition of the Sausus the “an Gabriel



range wae belng oddther upfoulted or upwarped relative
to the Senta Clara baein of deposition. Uhether this
was accomplished by dfferential warping or by actual
faulting 1a 4Aiffienlt to say, bhut evidently suffilclent
alevation was attained to allow rapid removal of row=
latively coarse material,

The age of thir formatlon has been generally
placed aes extending Crom upper Pliccene to Pleolew
tocene, on the basis of ita stratigraphic relat ion
to the ovorlying Pleistocene Mmaim.{m’

(21) Idem. pase. 81 to BY,

cuato Terraco nits

Yell exposed In the western end of ¢he Sand
Canyon ares between Saugus and Placerita Canyon are
a number of flat topped ridpes quite well dlssected
by small canyoms. ‘hese roprosent the poateSaucus
terrnce depoaits separated from that fommation by a
declded angular uneonformity. They are alnost one
tirely made up of coarsce boulders, mbanmalar to
ound, in a sandy matrix. They have a strilking
reseublence to the Saugus conglomerates beins made
up of vory similer material with about the same
weathored appearance. The best means of telling
the two apart is by diffefence in dip, the sravels



beling nearly or actually flat while the “aumue has
e pronounced dip,

Although the grester extent of those beds is
canfined to the western part of the reglon, one or
two mmller patohes have been noticed east of “and
Canyone The most prominent of these lies at the
noath of lear Canyon formetion. It 18 lovel bDedded,
8 dark reddish browm in color md composed of course
metanorphle materiale



Qeneral statement

Stracturally the “and Canyon area is an oloment
in the great castewont trending branch of the Coant
Hanges extending roughly from “anta Parbare esstward
through the San Gabrdel emd San Nernardino Hangese
Specifically 1t lles in an mngle in tiw northwest
corney of the San CGabrlel lountelins, Crystelline
masses bound it “o the east and the south, meeting
at nearly riht mpglea near the head wators of Sand
Canyon, Iying thms In the drainace of the Samta
Clara river 1t forms a structural unit of thle basin
and as such its relation to the deformmtion of the
basin 1n beat shown by tho structural sketeh opposite
page 94 of XKew's U,5.0.8. Bulletin 753,

The folding and faulting «thin the %end Canyom
area Involves the Miooene, "licceono mAd PMleistocene
farmations in varying degrees. Ouaternary deposits
do not ssem o have been involved in the faulting,
althoush they have suffored upliift to a certain extent,

The structual pattern indicates two dminant
trondis, cne mow, the othu'mo We tUhe first is
typified by the long %an Cabrisl fault, the parallel
foult north of it snd the folds lying between the
two faulto. The other trend is followed by the
lar;e syncline west of Sand Canyon ani the small
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pair of folds farther west. Another trend is ox=
promseod In thie reslon, «dthough it Jlea for the

mont part mtalide the area covered by this map,

This direction, nsoo Ty 18 the trend of the eamtern
boundary between *he sedimentary rocks and the bane=
mont complox. The start of thlis line 1s shown
botween Bear and Iron Canyons. A small, subparallel
gyncline 1s dhown nenr Corman Canyon.

Uapscript

Pamlting

The largesat single strueture found in this
region is the San Gabriel fault or fault sone,
(Plate I, Pilg. 7), which enters the area neay Cermn
Canyon procesdin: in a northwesterly direction
through the sediments until it is hidden by the quare
ternary terrace deposits near Saugms, To the west
this fault extenis down the Canta Clara River to
Castaie Valley and the hilles farther on, NMastward
it erosses the San Oabriel sountains over the
divide betweon Pacolma Canyon and the Santa Clara
River. Along the smth front of ¢he mountaline it
follows the headwaters of Little Tujunga Canyon
and finally splits, the maln Lranch following the
eart and west branches of San Gabrlel Hlm.(m’

(22) Zew, leieling Uslielialiea Bull, 753, pr. 99, 1924




Fige 7. Alrplane photograph showing trace
of the San Cabriel fault through the sedimentary

rocks,






A branch op connecting fault leaves the 'aln
San (Gabrlel zone nosr Pinetos Canyon, crosses Plae
cerlta Creel, smkeo a aharp bend to the conth roe
eroaring "lacerita Tonyon where 1t leaver the aren.

The most definite information concommins the
‘g Mabrlel fault wns obtalned where 1t crosces
Gorman Csnyone. /A fault plane, lying In a mone of
cruching, Iindicated a strike of HBOoE and a dp of
Gﬁo fle Althourh it ip not elleved that this is
the major fault nlane, these neasironents serve to
give come Aden of the dineg v ithin the some. General
ovideonce from the trace of the fault seems to indlie
cate that it is very steeply !ipping, nore nearly
vortical than otherwise.

The ovidence as o ireoction of motion la
conflictinm. From Placeritas Canyon wostward thoough
the sodimentary beds the fault sone 1les almoat
entirely In the Cfewms formstion anl no direct evie
dence can be found to detormine the offset except
drag folds. Tear the lino of section DeD' 1t was
found that the Saumare beds smth of the fault are
upturned against e marslve ¢ mglomerate bed on the
north. Marther weat soft beds of Seausus to the
north of the fault are sharply bent down. Doth of
these cases point to uplift of tle block north of the
fazlt relative to the Llock south of it.



rom the junction of tlw fan “Talwrilel £aulb
with the one imediately ~wmuth of it o Corman
Canyon the hilgh stending orysbtalline mas: Inile
cates uplift of the nouthorn block relative to the
doposite north of 1t. Parther east slony the
southern front of thoe San Cabrlel “santains a;milar
evidence poes to ahow that 'mee more the nor'hern
bloek was uplifted relative to the muthern one.
AMoas $he fault ranch from the Dan Nabriasl at
Pinetos Canyon the motlon hme anparently heen up
to the =outh,

“his ovidence soe:s to point to a rotatlion of
bloclka around a northeasouth or northoastesoutimeont
axls paasin~ throush *he region betweon the Meade
wators of Sand Canyon and Pacolma Canyon, *he main
mass of thwo jan Gabriels hovin: boen upliftod Ath
throw inspeasin- to the east, In a sirdlar way the
ol ler errstnlline mass would huve nereansing
‘Lrow to tho west, Uith much a ceochanlsn the fan
Cabrlel fould in the Sgnd Canyven area wonld e a
relatively unimportant brareh, the welrs of sedle
ments separating it from the next fault o the south
being a slihtly downdro 7 ed bloolk,

farallel to the “an Tabrlel fault md north of
it another fault cute throu-h the lint Canyon formne
tion (Filge. Ba, D.)e 7The ¢race of this fiult strikes



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

Canyon.,

Plge 8bse Looking northwest along the

game fault,
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approximatoly mow, forming the northerm 1imit
of the liodelo farmution. It passes under tlp
Plco and “eurme format lon: without disturbing
thelr dwmatm.

The Nodelo«ilint Canyon contact Lmmediately
wost of land Canyon in offset in such a way that
the ‘int Canyon formation fe ol ightly thrust over
the lHodelo. Although the fauli: plane is nowhere
aetually visaible, the dip of the fault was talen
to be nortlward from the above evidence. The
straichtness of the trace, howover, is indicative
of a high dip, It is showm on orova seoctlons A=At,
CwC¥, and Ded?, |

The movemont an the fmlt has heen much ae to
uplift the north side relative to the smth, The
megnitude of this movempnt ie conjeectusl, but it
was at least emough 0 remove the odele from the
roglon fmmodiately to the north by erosion, rag
folding farther west in the vieinity of the mmall
antieline mnd ayneline mpports this interpretation.

The apge of the fault is evidently pre-Pliocena,
since the overlyin. Pleo and Ssugus formations are
undisturbed in the large syncline.,

Along the eastern border of the area the cone
taet Detween the basement complex and the Mint
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Canyon formation appears to be faulted. The fault
plane appears to dip oteeply westuard hotween 85
and 900. it joine "he “an Nabriel {onlt sone in
the complax at “he headwmbtors of “and Camyon.

Folding

e axls of the orneline adjacent o Jand
Canyon axtmdu from Dear Canyon nortimesteriy o
the vicinity of !hmphreys, with an averago axial
directlion NBEQW. In the wumam half of the fald
iiint Camyon, liodelo, Pleo snd Saugus fomatlons are
involved in the defommtion (Fige 5)s The dips of
the two older Tormmtions average 'etween 30 and
400, the Pieo and Saume are less stron-ly deformed
havin: averape M ps loss than zoo. North of the
concealed fault the liodelo fomm: ion is missin
and the Plco directly overlics "he Hint Canyon.

This f01d hae apparetly suffored two per lods
of deformation, the first occurring after deposition
0" the lodelo and probably contemporancscusly wlth
the faulting bw means of which the lodelo wan removed
from the northern half of the fold, The second pPore
iod of foliinz was subsequent to the deposition of
the “augus during ‘he perlo!l of Pleirtocene disetroe
phicme These rolatleashilipe are Indlcated in cross

spobions =LY and C=(t,



mﬁwoat of thle syneline um abutting into
it at an a roximate angle of m is an anticline,
(Pige. 90, b)e This £old makes 1ts flret apoearence
in the lModelo fommation nerth of ‘h« headwatere of
Placerita Canyon. From thies point 1t trends rmqw,
the axis lyins almost emtirely in he Hint Canyon
formtion with Ssagms lapping ap aleng ‘he southern
flonke

The f'old 12 dlstinctly asymmetric with steepor
dips on the north flank, ’Eha faums formation has
mamm«l&potuhmtw to the south and the Mint
Canyon undoubtedly dips under it at a higher mgle
as indicated in section A«A?, Dut on the north flank
thﬂromdiwint:m Mint Gmm&mashﬁ.@z
M'?O ﬂvj.mmummofmoutw. Structure
soctlon D=L' brings out this asymnetyry more clenrly.
There appenrs to be a »lunge and flattening out o
the fold westward where the “surms o ntact bends
arcound toward Santa Clara River mnd the dipes are
wostorly in drection, In the vicinity or the los
Angeles agueduct the “aume flattens for a short
dictance forming a mmall monocline, but the dipe
slmost lmmediately become westerly aga.n until they
reverse noar Saker fench foraing a moall synclineg which



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

Fig. 9b. Same anticline farther west.






trends northoeastorly acrosc Canta Clara River,

The narth flank of the lawge antieline is
broken by & mair of sharp folde as shown by stre
ucture sectlon DeDf, Doth the antlieline (Fl-e 10u)
and smeline are steeply folded and plance 15 or mo
northwest, Thelr axes trend 1%550 de The dips ranco
from 40 to ?On on eithor flonl of the 'olds and in
several plsces near he axis of t'e mtieline =mve
very nearly vertienl. The folds do not show any
pronounced agyriietry, slthouth the otrata on "he
northeast flmk of tha m ticline show a steady do-
ereaso In dAp away from the axis. Someghaot south
of section line D-»{)\" an ash bed, inclhuded !n the
mticlinal fold, shews the structure very ocloarly
(Pip. 10b),

wo folds oeccur in the “angus formation, omw
north of the Man Oabriel fiult, the other mouth of
it near Placerita Uanyoi. The former 1s a gentle
fold with dips not preatly exceeding 20“. It is
cat off by ‘he ‘an Cabriel fault nt its west end,
The anticline 1s a short, dwrp fold plunging
southweeterly.

4t mnall symel inal fold with a northoast tronde
inz axis occurs in the odelo md 'int anyon {ormaw
tions adjacont to Jersan Canyon and minor .t'lmmm WO e
found in the int Canyon near Salphur Sppiness “ohool.



Filpe 10a. A small, sharply folded antlie.

cline in the liint Canyon formatlon.

Figze 10be The same anticline with the

structure outlined by an ash bed.






Times »f Deformation

is ohowm by the lepond (Plate I) evory formme
tlon 18 semirited fron %e ons sdincent to it by an
uncnfornlty representing wy interval of eroaion o
dastrophien of greatoy o lesser 'mmzm(w. ™he
least carta'n of tlesa intagrvols la that of sepAraw
ting “tr odelor farmtion fpon the wnderlyin. int
Canyons In view of thao f‘aé?k that “he Jint Canyon
1s a locallred, landelaid ﬁag}?am\mﬁ the ‘odelo a
wilesmroal x:m*im formatlion .zzqm tie absoane: of any

t

of denonliion the author has %{‘omww the peneral

conclucive evidence nolnting @ contimous sequonce

m-om(anm;a of senoratins the tyo anlts by M uwneonfore

235 /

mity e B the iolalo f‘om:ﬁumm hoee azeh o sllht
T

0 \

(25) Idem, P » OB

o ‘
arcal extent in this roslon //lt\a imnoytanee in the
structual relation 1s not y;x"fanr.

"lsowera In the reciom w)m int \vmVW fo e
tion rests Jirectly uniop nlff/mr “he !LJv\c: or Caurus
Formationn, md, as shown by sech J.mm -;;'ﬂ-‘ .N‘.u {Jemi, ¥
(Mate 11) it is more intennoly, P\j}ld@d t:‘zuﬂ t?\a
nambers of w0 Uortaniio aPouD. 7&\0 cmclnqi%; o 1w
low: that 't the oml of olslo © \; ho area m\n\
subjoctod to defwmation involving xoldm* md fiulte
ing with sufflclent upl.lrt to have ":moh of t)(m '*odt\«‘m
formation removed by erosion, m*:mx thinm, [mm ma@;}-

Ldocone opoch of doformatlion, moct or“j;.he atxﬁuc‘&mms
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found In the nrea were blocled outse The major
syneline witi: ite burled fuult snd the major antle
cline wth 1ts two subsldiary folde undorwont o elpy
firat nerdod of foldin-. Pos ihly :}we mnticling
and synellne near PMlacerlita .anvon were portinlly
devoloped at this tise nlaoe if 1s doubtful who=
ther the an "ahriel i‘aulf, or wareinal fanite
saparating the mountaln mase Trom the sodiments
wore formmed at this tlme,

The =mall exposure showing Plco in contact
with “aurig, with the ‘int Tanyon formatlion olspe
whore mnlking direct contact with the  aucus forpae
tion indicates an interval of erosion soparating
the two wembers of the "ornando group, ot ruoh
evidence as to the nature of the uplift is forthe
ommin: ae no ood conparinson botween the (dips of
the Bausuas and Pleo formatlon could bHe found In the
eyncline where they are expesed togetier. This
evidence points to the concluslion that in postelico
tine thoﬁ area was uplifted ind possibly deformed
8lishtly, thus allowin:- the removal of & large
part of the Pico formation btefore deponition of
Sansune

Mubsequent to the deposition of the “auTus
formatlon thls rerlon apa in underwent deformtlon.

:‘bofaﬁamtim wan ronowed on the folds this time
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involving both members of the Tgrnando group snd
accentuating; the folds in the older underliying
formations, ‘The "uarternary terrace deposlits lle
undlstuarbed over the eroded edges of the upturned
faugus formation indicating that following the
interval of posteiaugus or Pleistocene deformation
the basin has remalned relatlively quiet with only
a2 slight amount of uplift. The crystalline mass
geppears to have beocome the nctive element at this |

time, produally beling uplifted to 1te present ele=

vation.

Heghanics of Defarmation

In consldering the mechanles of the deformae
tion mffered by the “and Canyon aren, the time
elonent 1a bost kept in mind by dividing the consle
deratlion into two general perlods. ''he first we
shall eall the Pre«Pliocene pariody the second the

Pleistocenn period,.

1) Pre=Pliocens Perlod

The pre=Pliocene structual nilcture first of all
involives the concept of a basin, or nerhaps more
mroperly, he southern edge of a bagin, of unknown
are, ut certainly pree<iilocene, in which 1s deporlted
a8 land lald deposlit, the 'iInt Canyon, Above thie llen

thue marine ‘odelo. At the ond of ''olelo time this
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portion of the baasin 1o deformed nnd the thin
layor of medimenta folded 'nd faulted in the
manner chown by Pige 1le The problem 1a to dew
temine the nature of the forces producing this
arrangenent of structurec,.

Assuninz the fdlds to have easlient rellef
upwards and the fault o be reverse with = for
the sake of simpliclity = dip ealip movement, the
folds would appear o have been prodused by the
action of two mete of Torees, one acting in a
direction Nmaﬁ, the other mﬁﬁoﬂ. The genoral
trend of tie folds in the Senta Clara Dasin
incilcaters & comprescion or shortening from north
to south. If tho present day cryestalline mnae
south of Placerits Canyon i any indication of
the southern margin of the bagin at the ond of
tilocene time, this would form a stratic bulwarlk
tending to reeolve tho forces locally in a direcw
tion about Hmoxe:. The othor set of forces is
more difflcult of derivation from a oneral nortiie
south compression, It misht beat bo explalned by
the proximity of a northeast trending basin margin,
occupying approximately the poaltion of the mbant
sedimenterye-metamorphic contact between fand Canyon
and Seledad Canyon. 7This seetion, however, would
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have to Do actively in motlon to mwoluce ‘e
necossary cross ol ln e Lt nioht, for exanplo,
have “een underpoin. a local upwarpln: whiech
would tend to induce n certalin anmount of fhortene
nje

2) Pleistocene Pariod
The structural nicturs uring the second

major period of deformation is dhown on the
ptructural eletoh map (Plro, 12). 014 “truetural
trands are stlll present amnd somm of them active,
hut only olishtly 0. New structures have hoen
Introducod, hut are enfined 6o the mareinsg of tho
bnalng,

ihe =ituation 1z «Amilar to the sarlisr onp
in <0 far as comprecsive atreaces have acted on
the foldm In the gsedlimente. ut the preamnce of the
new structures ‘ovoe not aprear o he cenetieally
relate! to the sarlisr forcen, mé!'e the structuros
are steep dionine feulta more nearly to be classed
ap normal than otharwise.

Inferoncea an to the nature of the forces
cauning this latter stase appear to be o implause
ible that ‘he author doeos not foel competent Ho ro
farther than fo n0int out the fact that there
appears to be a chanvte in the tvpe of orogeny afe
fecting this area during the latter perlod of doformae

tiom.



OTnOLOGIC A1 TOW

A brief outline of the princinul reolo-ic
events is piven hem‘wﬁ.th 1o wmatho: 's emolus lone
concarning the defnromt lon »f thie peging

1). Pre=Juracssic Intrusion of ~ranitic bathom
1ith Inte Cretaceous :n! pre=tpetacocu: sediment..

2)e Tormation of a basin of deno-ition for
Tortiarr sedimsntna, |

3)e Depouition of the "int Canyon Tormation
in uppor .ilddle liioceme time with "o poaa;lbiutv_r}
of a hi® stanine maooe noarby to the osst and
south ocaut.

4) . Doposition of the marine lodelo farantion
above “he 'int Canyvon with a probable interval of
erosion and deformation,

5)e Posteiiioeone dilastrophismn forming folds
and fmlts in the sedimentary series, :nd caunsed
b farces act'n  In direction mﬁn and T@%OE.

6)e Deposition of maring Plco followed by n
interval of eroslon,

7)e Doposition of the faurus formatiom B Ylowed
by a nerdiod of doformtion wioh Invnlved the rofue
venation of wowoxlsllines structuren 'n! the Introe
dactlon of new lines of movem nt, tw newer deforw
matlon, however, beln ponetically unrelated to

the former.



8). Period of guiet during which ‘uaternary
terrace depoaitis wore lald down followed by 1ste
quaternary uplift and <dissection.
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