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The Hint Cenvor

torpation {Unper ¥insene) sonsiate
of & geries »f continentsl zediments ineludine both
fanglomerates and Freshesster lake derosite., The basin

of deposition of the lake sedimsnts was near the sea

but was spparently definitely sepers'ed from 1%, Sowe

4000 or mors Peet of sediments hove sooumuleted., The

wanly abrve the

Bint Canyon Torsstion 1les nonornfor
Vasquez formation (0ligneere®l, The argular discordance

betwgen the Eint Canyon formastlon and the overlying

ver Yingene) 1a not grest but iz definits in
many places.

s geries of woloanle tuf? heds sre present in the
#int Cenyvon frrmation, There =re at lesst 9 wafor tuff
beds and poseibly sz manvy ss § wminor omes. Individusd

thiekness »f 10 fest, The tulff, for the

£
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pert 1a 2 fine grailved, agld, vitrig tuff, though

2
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e
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gome arvetnl  fragments are proasent

arren

materisl b

souree a2 the rhvollitis
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and is posalibly frow the zaone

faterinl %f the Bossmond o

The sutgrons of the tuffl ars restrieted to to0



&




Fig. 1. South area. View looking west along Santa
Clars valley toward Saugus. River terrsces
sre well displaved.

Fig. 2. South area. View looking north toward
Santa Clars River 1 mile west of Humphreys.
Tuff Beds Il and I11 are exposed in nesr
cliff,






Fig. 3. North area, View looking scuthward
toward San Fernando Pass, Note how
alluvium "drowns" the tovography.

Fig. 4. North area. View from junction of Vasguez
Canyon and Bouguet Canvyon roads showing
badlands developed in Mint Canyon sediments.
Hote the contact between the Smugus and
the Mint Canyon formations.
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Introduction

Hature of Problem

This paper deals with s series of volecenle tuffl
horizons which form distinctive marker beds in the
#iocene, Mint Canyon formestion of Southern California.

Previously, study of the vertebrate fauna and oil
considerations of the Mint Canyon has received most
sttention. The study and magﬁing of the volesnie tuffl
beds was undertaken with a hope of obtalning a more
complete understanding of the mode af deposition of the
¥int Canyon sedimenis, besides accumulsting informastion
regarding the structure of the region which would edd
both to the dats on the stratigravhic relationships of
igsolsted vertebrate localities in the ares as well as
to the information concerning the dlsputed relationship
of the Mint Cenyon and the overlying lodelo formation.

The investigation was uaé@rzgken a8 partiasl
fulfilment of the requirements for masters degree in
geology at the Californie Institute of Technology,

Pesadenz,; Californisa,

scknowledgments

The writer is indebted to Dr, John H, Haxson of
the Caelifornia Institute of Technology, not only for

introdueing the problem to him but also for valueble



advice and assistance in the fleld work and the helpful
suggestions in the preparation of the final paper,.
Richard H, Jahns, of the United 3tates Geologicsl Survey,
aided greatly in many of the problems met with in the
field., Dr, Danilel I. éﬁélrgé, of the %atisaal Museum
in Washington, D. C. was kind encugh to undertske the
atudy of the collection of plant fossils which werse
obtained from the tuff beds, and thereby added greatly
to the general picture of conditions during the time

of deposition. Dr. Ian Campbell, of the Californis
Tnatitute of Technology offered velusble suggestions

in connection with the petrology and petregrasphy. of

the tuff beds,
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Previcus ‘ork
AR IANS—sor.

The first geologie report including this asres was
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the work of W, L. “atts! of the Cal
Bureau. A paper by O, H, Hershey®, "Some Tertiary
formations of aouthern California”, wez published in 1002
in which he gave the Fint Canvon formeitionm its first name,
the "Hellenis series”, In 1501-2 6. H. Flridge”, of the
United 3tates Geologiesnl Survey, made 2 survey of the

Senta Clars Rilver vazlley in Log Angeles and Venturs
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counties, and latlr 2 detsiled mep of this
published, In 1917 %, S, 3, Kew’ of the United States
Geologieal Burvey, bepan = survey of the geclogy and

Venturs

¢il rescurces of a part of Loz Angeles
Counties. A report and wmap were rublished in 1924, and

"Wint Canven formation” in nlsce of "Hellenie

the name

atudy of the vertebrate founs

publizhed in 1030, Later

He Ao ﬁtiygﬁﬁg eriticiged arme of the i1dentificstions

1. %ﬁ%t%, . Lag g%&ifc ZEnte |
Bull. 12, 1900

Ze Hershey, D, %.,
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axsen., Jabns7, in 10390

sm

and interpretstions of I

sontinmed the work on the verishbrate fsuns zrnd woz a2ble

grome new evidencs ~n the

¥int Canven, and

LAk

5, laxson, J. H., Carnerie Inst. of tegah, Puh, # 404,
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5.

Geographical Setting

Location

The ares of oubterop of the ¥locens, Mint Canyon
formation, pert of which 13 under discussion !n this
paper, occupies the esstern-most portion of the SBanta
Clars Vallsy of Bouthern Cslifeornie about 25 miles sir
line north of Los Angeles. It 18 easily sccesgible
by highways snd good side rosds. The plan distribution
of the HMint Canyon formation iaz roughly trisngulsr in
shepe snd covers an arsa of ebout 40 squsre miles.
Tts southwestern border trends northwest-southesast
and lies sbout four milea northesst of the town of
agugugg California which is on the 3en Jaoouin Valley
route of the Southern Pacific Ralilread between Los
Angeles snd San Franciseo. Tt extends to Agua Dulce
Canyon sbout fourteen miles east of SBasugus. The
northern boundary of the Hint Csnyon formation 1s about
seven miles northeast of Saugus neasr Texss Canyon, and
it extends southward for s distance of about eight
miles to the base of the San Gabriel Hountains south
of the Ssnts Clara River,

Since the problem was the study of the voleganic
tuff beds of the ¥int Canyon formstion, the areas
mapped were confined to outerop areas of voleanic

tuff beds. There were two such areszs mapped., (Mne,



which is called the "north area”™ in this paper, extends
from Haskell Canyon eastward scross Bouguebt Canyon
to Fuckett Kesa and = includes the mouth of Vasguez

Canyon. The second, called the "south aree” in this

g8}

aper, lles west of Ssnd Csnyon, souih of the Santa

#

3

Olara Hiver, snd north of Placerits Canyon., It extends

e

to & point sbout two mliies west of the town of Humphreys

on the Southern Pasific Halliresad,

Climate

The elimate can be classed as semi-arid, The
ennual rainfall is zbout 17 inches, snd 13 conflined
almost entirely to the period from December to Hdareh.
sccording to the United States Weather Bureau records,
the mesan annusl temperature at Wewhall, s few miles
south of Ssugus, is 61.5° P, August is the hottest
month, During the summer the ﬁem&eratur@ is often
over 100° 4in the middle of the sfternoon, but drops
to below 60° most nights.

#ost of the streams are intermittent. Even the
major drainage chennels such as the Santa Clsra River

are dry in meny places during the summer months.

Vezetation |

Yueca snd various types of sage, as well as other

brushy growth such &«s manzaneta, abound on the sand

é.



and gravel covered slopes of the arsa. In mors molst
portions, as in draws, live oaks form good shade tress,
and along the streams, sycamors. On the flat uplands,
whiah are often underlaid by Ouaternary terrvace gravels,

dense thickets of Sunirer malte vasgsage 2lmost Imvoossible

#

times., 'The most es=zily traversed portions in doing

B
o

field work are along the sherp ridges which often have
relatively less vegetation, and slong slluvium coversed
stresm bottoms whieh sre ususlly fairly open., Narrow
draws are often impess8ble due to the density of
vegetation,

In zeneral, good asccordsnse is found betwsen the
tyoe of vegetation and the underliving rock type.
Gresses often cover szhsley horizons while the brushy
vegestation is found overlying the conglemsrates and

sandstonas,

Physiography

The sres under considerstion, ss previously stated,
lies in the Ssnta Clara Valley. The most prominent
physiographlc feature of the reglon is the Sierrs
Hadre Renge which forms a 2,000 - 5,000 foot barrier
to the aau;h‘ The Sen Gabriel Wountains ars the
portion directly to the south of the srea described.

The Sasnte Sussna Hountains are the western extension

and are separsted geographically from the San Gabriels

7



8.

by Sen Fernando Pass., These mountsins sre in a youthe
ful stage of disscotion. Zeversl renswals of uplift

are gvidencsd by physiogrepblce unconformities such as

e

3

0ld erosicn surfaces, hanging velleys., end shary, narrow
velleys combined with rounded ridages.

Yhe Sderrs Felone Mountsins to the north separzie

the Sante Clers Yalley from the Hojleve Desert,

The Senta Clara Blver flows wesbwardly through
thie bDasine-like ares anc smpiles into the raeliflic
Qeean sbout BU miles west ol the wint Canyon sree;
neay Venturs, Californis. Beslides the SBants JUlasra
Hiver,in ihe sresa undsy discusslon, the mejor streemg,

lovslsd in uitaries

of thet river snd flow southwestwardly from their

}.m 3

hesdwsters in the Sierre Felone Yountains. £ smsl

ittent stresm {lows northwerd in Jand Canyon

ol
bt
ot
g
B
e

a3

in the south sresn and hes 1¥s hesd weters
Ran Uabriel dZountsinsg,.

y

In that pert of the wvslley reglon stucisd,

elevation renges from sbout 1400 feel

roer of

o

=4 . ‘r e
I Las

The average roelliel Is

§

feat,

neolldsted sedisents of the

#int Canyon erode to {orm meny bad land areas, @3 in

photogrephs, figures #,!% . where sctuel bed lands

are not developed, the vidges are usually shs



streams. Ousiernary alluvium

lsrgsr streams und drowne

in photogrsph, flg. 3,

5% ‘e e R ) 1 g
ihe besse level of the atreoesms hos

e P ~ $ =, % o e I - Ee s PV w1 E P
owered in recent times, posslibly by uplif

causing

e

subasavent,
Jr. 2 s S by e » Y
leeving the more

P o ¥ R B
and tuflfl Leds ss

cgraphy. The taflf
beds zre ouite resistant, and tilted tuff horizons

are frequently stripped of overlyling strasts forming

large, bare dip-slope aress.

The largeyr streams, however,; flow directly scross
the formations. Thelir courses possibly formed on an
0ld erosion surfacs, or on some overlyling sedimentsary
stratun such as the SBsuguvs. In either cass, their

down cutiting hes procsedsed st g grester vrate than
& g

%‘(}



10.

uplift of the reglon so thet they have meintained

& path trasnsseting the structure,



Fig. 5. North area. Recent gully developed in
Quaternary alluvium indicating recent
rejuvination.

Fig. 6. South area. Landslide neasr Santa Clara
River.
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Hiecene, which would regulre the Hint Conyeon formabion

to be older then Uprermost Vingene,

theat priwitlive

mores =dyareged forms,

%
o

1841 Sinoere sarect in the
1awer fzuna wasz bturned over to R, Jahns

o sevaorate 2 lowsr portion

a2z diatiret and wnesnfrrrable

vgrested that trig be ealled

a2yl Yo urrer ard be o

al11e:

(e I

[

armpared the

RHigardo end

Gangon horasesn, L@ povs i nog en

Pint O

nyon hovaes are clase o adyenged

gorparehle to lower Bleards, “his arnclusion

1z not Inconsfgtent with an Upner Mioncene ege for the
Yint Cenvyon.

The sce nf the Mint Cenvon fArmetinn, therefare, 1g
still in diepute. The dlsecren-mey, hoever, hecomes nne
of a gesners]l neture, that 1s, between the raletionshin of

the estabhlished California invertehrste time seole and

that of some vertehrote paleontnlngiste,

1. Jahns, R, H,, Am, Jr, »f Sect., Vol. 237, pn 21°9-02F, 1937,

2. R chey, K., A,, Peper befrre the Cordillerasn Section
G. S. A., April 1920,

iz

7
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It 48 the opinien of J. H, Yaxsconl thet the wverbebhrate
evidence 1z not in dizcord =itk the inverishrate evidernae,
The ultimate solution will raturslly be arrived at only

after more complete correlatisn hetween vertshrate and

In this pa er the ¥int Jonvon formation will be
engidersd as Uprer Ylosene, bescsuse this sge srreasrs

8113 to be accepted by the majority of Califernis
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uneonformably, 3 8 4 gferred Lo

23 ths

Sespe by sirge
the name seondido was prencounied,
Ho fossil record frow the Vasouer ssries 12 svailsble

to determine its ewxsncl

The iodalo formatinn overlies the ¥int Canvon Pormation

The ¥int Canyon format'on overlies the Veaguez form tisp

unconformably. Since Kew's? first peperd of op vroonformity,

‘nxson, 4. H., Fereonal scmrunication,

) égﬁg;gq % o 'S 3 o ¢! &3 ki i k! o
F g™ BT R 3@%” e fe g B, UWBML . 8 ‘éélo 2 g 13;?{%;.
Ee Simrson, E, C., Calif, Jr, of Hines erd feol., Vol. 30,17

4, }i{zg%g, He 3. Hey, UaB.8,3. Bnll,., Vol, 7e7,1902

r., Genl.,, ¥ol, €., pp, 314, 1935,



doubt hes been expressed sz to 1%z vresence, and =
sugreztion thet 1t 18 possibly an interfingered

relationship in the northwestern extrexity has been wade.
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MINT CANY ON

SOUTH AREA NORTH AREA

=
0]
v,
m
-
O
R e e A
o
]
e e - \,’\v’\\_/'\
M
W — (O G L
s
=z
b z
T K =
. — J
~
>
Z
H ¥
GC
z
i ! °
7 ? ©
| 1
~ 500 =
Liooo
SCALE I I
T N ] I
FEET ‘ l

l I

| |

Sectinn ghow’'ne the Atstrihntisan of
volesnie tuf® heds n the unner nert
nf the Mint Canvrn formetinn,



Paleontology

Vertebrate Palecontology
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18.

Tiek Cenvon Tormation

Herychyus
Parshippus

¥iolabias ealifornisus

iaxson sugzests the following ecclogical conditions
as represented by the vertebrate fauna: "Prasence of
hypsodont horses, antelopes, camels, and rabblis,
indicates that the vegetation must have been st lsast
a8 sbundant as that supported by a semi-srid region.
The c¢limats was necessarily mors humid than that
charscterizing the Mohave Desert at the present tive.
Great numbers of fresh-watey gastropods occuring locslly
in fine grained sediments indicate the presence of
fresh~water lakes. The occurranc%im the Mint Zanyon
fauna of 2 turtle, possibly related to Clemmys, 1s
supplementary evidence. Rabbits and large toritolises,
related to Testudos may have freguented the more arid
districts. The grazing types of mammals with long
erowned teeth oscupied the grass covered plains.

ipous, bthe peceary, and possibly oreodont, mastodon,

Pa

and Miolasbis may have found congenial wooded arsas

along the streams and beside the lakes, "t

1, Mexson, J. H., Sarnegle Tnat. of %¥esh., Pub, NHo. 404,

- s = e
DPhe 82 =~ 8BG, 1930




Invertsbrate FPaleontology

The invertebrate faune is 1limited almost entirely
to & single form of gastropod. 1t has been identiflied

. ) " ) - . 1
as Peludestrine imltacor Pilsbury by Dr. G, U, Hanns,

Ur. Hemna noted {raguents of a larger species, which,
however, could not be identified. The suthor hes slso
found Iragments of & larger form sssccieted with

Paludestrina but they could not be identified. The

presence ol such an sbundance of a single form of

fresh water gestropced such as Paludestrins imitstor

Pilsbury strongly sugsests [resh water lake deposits,

Palechotuny

Dr. Daniel T. sxelrod of the Hetlonsl Wuseum of
weshington, D. ¢, was kind enough to undsriske The study
of the plant fossils collected by Dr. J. H. Haxson,
of the Celifornla Institute of Technology, Hr, W, H,
Holmsn of %the Standard 011 Company of Galifornie and
the author. 2 preliminary statement has besn srrangsd
for publication by Dr. Axelrad,

Plent fossils have bsen found at seversl loecslities.
almost 211 the outerops of "K' in the north ares

s

contained some plant material a%ﬁiﬁ most of thoss of

1~‘ %’i@'@, yn; g# ?5‘9 ‘{;t So g‘» Q;:t} gﬁlla !?é:ﬁ; 1%2%




ig,

%1% in the south area. The best ccllections were
obtained from a guasrry in "I" of the south ares near
the mouth of Heynler Canyon. They occocur scattered
through some of the tuflf beds with no apparent orien-
tation with respect to bedding. In other cuarries,
howsver,; they sre found in more normsl sttitudes on
bedding plsnes. The lack of orientation in some of
the fine tuff heds might indicate that the eshy mestsriasl
was in a very soft ocoze~llike stste.

Axslrod has i1dentifisd 15 plants from the present

gollection,

Fossil species

Ceanothus precunestus Azelrod
Cesanpthus n, 8D,

Cercocarpus ocunestus Dorf
Crossosoma N, 8P,

Diospyros n. 8p.

Fraxinus edensis Sxelrod
Reemontie lobata Axelrod

Lyonothamnue mohavensis Axelrod
§g§eﬁi& mohavenslis Axelrod

Platenus paudicentate Dorfl
Juercus convexsz Lesguereus

Querous disperss (Lesq.) Axelvod



fmerocus Lakevilienszils Dorf
Fhus sonorensis Azelrod

Bobinis ealifornics Szelrod

Prom this iiﬁﬁ%@é collection he has made sugsestions
regarding the nature of {lors, climate or the region
and relstionships of the Hint Canyon %o florss in
adjacent sress, His tentetlive coneclusionas concerning
these pointa are probably best set forth in a brief
way in the abstract of his paper, as follows:

"The Wint Cenyon flore is an integral part of
the arid north lexicen vegetation that charsecterized
the Hojlave srea in ¥ilddle Miocene %time, and which, by
the end of the epoch, had migrated westward into southsrn
and central Californis, northward through the Grest
Basin, and eastward into the High Plains.

ke flora 18 sssentially an cak savanns community
whose nearest related modern squivelent speclies now
secur in southsrn Ualifornis, southern Arizona, end
northern Hexlco. At least four hablitats contributed
to the flora, lake~border and riparian, savanng,
woodland end chaparrael. The #int Canyon clinmete was
largely similar to the pressent conditions in the region,
but differed in having & biseasonal distribution of

reinfall and winter temperatures which may have been
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slightly higher.

"4 comparison of the #int Canyon with the Tehachapi
flora of the western ﬁgja?a desert, and the Pusente of
the Los fngeles basin, shows thst the ¥int Canyon flors
lived in » semi~arid interior reglon and was a part
of the kojave floral yravinaa.gi

Just recently the author found small plent fossils
which were not included in the ecollection studied
by Axelrod. With the asslstence of Dr. Willls Popeno
of the Californis Institute of Technology, they were

identified ms & form of Charae, possibly Chers Enowltoni

Sewnrd, The fossil meteriael represented frult ceses
and stems of the Chars. 7The Cherophyta sre nlsnts

sontaining chlorophyll, living in fresh or brackish
waters. 7Thls supporte the evidence supplied by the

pressnce ol Faludlstrina that the sediments are Iresh-

water,

1. Axelrod, D, I., Unrublished vperer,
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Fig. 7. Plant fossils from tuff bed "I",

(These photogravhs have not been checked
with specimens since the plants were
identified.)

Fig. 8. Plant fossils from tuff hed "I",






Fig., 9. Plant fossils from tuff bed "I" in

specimen on left.

gn“right, plant fossils from tuff bed
K".

Fig. 10. Plant fossils from tuff bed "I",






Fig. 11. Plant fossils from tuff bed "I",

Fig. 12. Plant fossils from tuff bed "I",






Desoription of Tuff Peds

Introduetion

The terminology outliined by C.¥. Wentworth and
Howell %éiliagﬁlég uged in the following deseription
of the tulf bedz, Hrief delinitions of the terms uaed
are listed below for reference.

Ash = Uncemented pyroclastic debris
csonsliating of Iregments
moatly under 4 mm., in diameter.
Coarse sah - 4~ um,

Pine ash -~ less than & mm.

Tul'f =~ Indurated pyroclastle rocks
of grains generally finer than
4 mm,3 1.8.5 the indursted
sguivalent of wvolcanle ash
or dust,

Grystal tulf = Indurated deposite of volesnic
ssh dominantly compossd of
intra-telluric crystals blown
out during eruption, Over

75% orystals.

p,

1. C.k, vwentworth and Howell Williems, Bull., Nat.
Besh, Couneill, ¥dHo., 89, 1830-1932
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Vitrle tuflfl - Indureted depcsit. of volcanic
ash dominantly composed of

frogments of voleanice glaes.

Mleas over 75L,

¥

Crystal-vitric tuff - Betwsen 50% and 767 erystals.

Vitric-crystal tuff - Between 507 and 7564 volcanie

2

glasa,

Yitroclestiie -~ Strusture bypiceal of fragmental
glaasy rooks, in whiash plsces
ususally have crescentlc,
rudely trisngular ocutlines,

oy aopewhat concave Lordsvs.

The tuff beds were asslgned letters arbitrarily,
Letters were chosen near the middle of the alphebetl
for the flrat ones named in the north srea soc that
leter beds found could be asslgned letters appropriste
to thelr position in the stratigraphic column. The
beds therefore, go from oldest to youngest, Iin goling
from "E%,the lowest one found, to "0", the youngeat
one found. Only the relatively prominent tufl beds
were assigned letters, "I" was dropped alter further
work, as 1t was only & very minor tuff horizon. There
were seversl other lenses of ash and tuff, and also
many ashy sendstones and ashy shales which were omitted

for the sske of simplicity.



In the south ares numbers wore used instesd of
letters so that there would be no confusion in the
relsation of the beds in the south srea to those in the
north. A4z csn be seen %ﬁ?iga columnar section including
the tuflf beds, zn sttempt at corvelating the two aveas
hes been mede, but since the south ares 18 not eas
gm@@%@%@ a8 the north sres, only an spproximetion is
posgsible,

A rough traverse which wes csrried from t helante
Clare River soross to Hint Cenyon supported %&ﬁ‘iﬁéﬁ
that the tufl beds of both sveas were In spproxinmstely
the same stratigrephic position. A careful traverss
will be necessary before the tull beds oan be

corralated with certainty.



Fig. 13.

Fig 14.

North area. View from near the mough of
Vasquez Canyon looking west toward
Bouguet Canyon showing dip slopes on
tuff bed "H", Tuff bed "G" is exposed
lower on the hill near the right side

of the photogravh.

North drea. Badlands at north end of
Puckett Yesa., Tuff bed "G" can be seen to
lens out in near eliff. This is near the
eastern extremity of the lake svystem in
the north aresa,.






Fig. 15. North area. Tuff bed "G" at its
thickest part near the mouth of
Vasguez Ganyon.

Fig. 18, North drea., Tuff bed "G" showing cube-
like fracture fragments.






Fig. 17. South area., Quarry in tuff bed "I",

Most of the plant fossils were obtained
from this locality.

Fig. 18. North srea. Typiecal,small,intraformationsl
unconformity which are common in several
of the tuff beds. (Just above head of
hammer.,) Note the gradation from coarse

to fine in the tuff sbove the
weconformity.






Fig. 19. South area. Quarry in tuff bed "I",
Note the difference in dip between
the tuff beds and the overlying Modelo
beds (upper right hand corner). This
shows the unconformable relation of the
Mint Canyon and Modelo formations.

Fig, 20 North area. Exposure of tuff bed "F"
showing its typical bedding and fracture.
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Fig., 21. South arca. Exposure of tuff bed "II"
showing sngular, cube-like fracture
fragments.

Fig. 22. South area. Dip-slope on tuff bed "II",
Bed "III" is exvosed in the high peak.
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Horth Ares

Tuff bed "E" is visible in patchy outorops in
seversl dresws northeszt of Puckett Fanch., Tt strikes
approximaetely easl-west over its falrly limited lastersl
extent of ebout 1800 feet. The bed is lost on both
ends through favlting end poor exposures.

It 18, for thls psrt, mede up of pyroclasiic

meterial renging from 1/8 mm. ir dlemeter down to

very fine dust, It is essentislly e vitric tuff, but

a few groins of meld feldspar end quertz are slan
present. The $rensparent portions, gless and ecrystals,
make up only ebout 15 to 20% of the tuff., Surrounding
these fragrents is materisl which i8 white in reflected
1ight and nearly opeque Iin transmitted light. It is
difficult to determine what this meterisl is. oOn
firat sppesrance 1t was I1dentified se ksolin, Mt when
the herdness and consolldated neture of the tull wee
congidered thet waes doubted. It aay be that impregnation
by silica has cemented a keolin and gless mizture
meking a resistant, compact roek. It mlght slso be
made up of extremely {ine volesnle dust, plus a ceriasin

sgmount of devitrified gless plus some kmolin., The



tuff is thinly but roughly leminated and is quite
frigble., 7Tt s easentielly & single unit, differing
from some of the othey tulf beds which ars made up of
alternating horizons of somras and fine matarial,

The bssal poriion of this bed iz regulerly
laminated but the torn part g charscterized by irrepular

bedding., {(%ee section on sedimentary festures,.)

Brown ashy shale

Vitric tuff, thinly laminated, grading
from regular at bottom to irregular at

top

Brown to tan sandstone

Diagramatic section of tuff bed E.



Tuff Bed"F"

Reddish, shale and sandstone

Fine grained vitric tuff at bottom grading
to thinly bedded clay and ash at top.

Red, shaley sandstone

Diagremmatic section through tuff bed "F",
(See photograsph, fig. )

Tuff bed "F" lies about 200 feet stratigraphicelly
above tuff bed 5%*; The meln tuff beds in the north
a?aa gecur Iin pairs which are close together strati-
graphileally end ave ususlly similey n composition.
Beds "E" and "F" may be characterized as being e peir.
Taff bed "#" 13 very similar to "E" both in extent
and in physicel nature, It tenda to be slightly aore
magsive that "B and szhows =more reguler basdding than
do partg of"El. Some outorops of YFY show considersble
gillicification end nlong some fraocture plenes manganase
dendrites sre well developed.

It extends f%&ﬁ fust north of Puckeit Rench to the
head of the bad lsnds smphitheaster under the north
end of Puckett Heas, znd varies in thickness from sbout

1 to 3 feet,
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Fine grained, brown shale

> Coarse, sandy ash at bottom grading to thinly
bedded, fine grained, white tuff at top.
Interformational unconformity

Unevenly bedded, crossbedded near top

Fine grained, porcelaneous, creamy white tuff.

Lo 4
-

Grey, fine grained, ashy sandstone

Fractured, fine grained, white, porcelaneous,
brittle tuff

> —N—>

==

Coarse, grey, ashy, sandstone

@

White, fractured, fine grained, porcelaneous
tuff

—N s —

Ash bed "G" extends from the bad lands amphithester
at the north end of Puckett Hesa to & point on the
east side ofbouqnat Canyon northwest of the mouth of
Vasquez Canyon., Its lens~like nature is bauubitu&lg
shown where 1t thins out and grades into coarse terrestriasl
deposits in the face of the hnﬁ@anﬁa amphitheater,
From this 1t thickens to about 10 feot opposite the

mouth of Vasquez Canyon and south of the Vasquez Canyon
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rogd., At its most northwesterly exposure 1t 1g only
about one foot thiek.

Tuff bed "0" ig made up of several units over
most of its extent. Fine grained, white, porcelsneous
levers alternate with coarse sandy horizons. Often
g minoy intraformetionsl unconformity will separate
these horizons, Exeellent exsmples of sorting through
sedimentation sre sometimes exhibited by theze smell
units in that one laver will start 2t the bottonm as
a coarse, ssndy unit and will grede upward into Tine
esh.

A& sample of the fine, masaive tuflf at the top
of bed "0", taken from en outerop directly south of
Pugkett Ranch showed the followlng constituents,.

{#ese photograph, £ig.%52) The section in flg, B abve
gpproximates the sestion fromw hich the following

gsemples were taken,

lassy mabterial -~ fine dust size
a. Unaltered glass fregments ~- 18%
b. Opague meterial as described under "B,
Possibly made up of extremely fine voleanic
dust,; plus some products of devitrificetion

and some kaolin. - 5%



Crystalline materisl -- 10%
Be DUBPEE swsesmomwe 407
b, Peldspar
0ligoolage -~ 20%
¢. Hornblende wwww= 107
d, Biotlte e~emmm-=’ 104
e, Oarnet semwemews 11¢

f. Opaque minerals- 20%

Photograph in fig.23 shows a thin section of &
sgmple from the middle of the tuff bed at the same
loeality. It im g much coarser clustie, snd, though
a considersble amount of tuffaceous meteriasl can be
cheerved in this section, 2 great desl of it is
sprarently non-pyroclastic in natuve beling derived
merely from weathering of the basement complex in the
mountains surrounding the Sants Clars Vaelley,

The basal part of tuff bed "a" is practically

identical in thin section to the upper part.

¥ these percentages &re ONLYy SPPrOXimALe



Tuff Red "R

Tuff Bed "H" is separated from "G" by about 60
fest of sediments. Above "G" the fine ashy sandstonss
zrade up into coarse songlomerstes. The conglomerate
ies made up of pebblss and cobbles which are smooth
and well rounded and appear to be stream gravels,
Theae ocsur nearer the border of the lake and grade

into ssndstones to the wesat near Vasquez Canyon.

Tuff beds "H" and "G" are very similar and constitute

8 so-called pair es were "EY and "F", U"HY is similer
to 3" 4n that it is mads up of coarse snd Tine units
of tuff, and that the fine parts are often porcelaneous
in nature., "H" does not extend guite ss far east as
a" and does not resch the thickness of "0". Howsver,

since it 18 above "G", it 1s the one to form the large

dim slopss which ars so prominent.

Thinly bedded, sandy clays

White, fine grained, porcelsneous, grades
to coarse

Coarse,sandy, ash ‘
Intraformational ‘:unconformity loecally,
dies out elsewhere

Fine grained, fairly massive tuff

Pebble and cobble conglomerate, Iron
stain around pebbles
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Under the misroscope the flre grsindd massive
tuff arpesrs very s'milar tn the megsive zmectinn
deserived under "G", In a thin gertian of "HY ) nhowever,
gegnndary, crvopboorystslline, opel-like 311i0e seemed tro
he presert. This ia 8lso arrerent in the bhedd ~nentwensg
in their porcelarecus cherroter, 4hig ‘mpregnetion bv
gilice seems t~ wvery »ith the grein gftre, the P'rner
rvortions being wmost sffented, In grme In-tonrnaes
gsendstones underlvying &3h horirzonz are indursted 2nd
very resistant., ¥West of Boumme® Cenynn, under tufe "JY,
npale=like materiel £1711e froctures in tre underlving
sandstones,

The cosrse units of "H', n2g 1n "C7

s B8Te mogtly
sandy slastiecs »3th gome Fina aghy matarisl £f111ine
the intsratitial spaces., The norrse weterlal for the
most pert does nob spresyr to he rypoclastic, but rather
products of weatherine and ernsion,

Fpagturing of these noreelone-mnz un're 12 reculier,
They tend to bresk ur !=to f?ﬁ%m@mtg “hteh might be
deacribed gs roughly gube=like 1n shspe =snd generelly are
of the order of one inah on a atde., The Pregturine is
arparently not ~ontrol’ed by sed’ment-ry atrustures nor

1s 1t tyrinel con-hoidel fracinring, see rhotnerapnh,

fig. 38,



GJuff Bed ﬁgg

Interbedded ash and sandy clays
Consolidated ashy sandstone

Ash and sandy clay

Coarse sandstone, massive, crossbedded

Tuff bed "J" is the lower and lemst prominent of
the pair next highest in the section. It lies sbout
380 feet above "H" and 18 sepereted from it by & seriss
of slternating sandstone snd sheley borizons. Some of
the sandstone horizons ars relatively well consolidated,

This bed does not have pure ash units in it as
do most of the others described, but is made up of
sendy ash horizong. he pyroclesstic materisl involved
ingludes both glass fragments end fine grained opague
mabterial as described under "EY and "0%, Some of the
gless fragments from "J" wers tested with index oils.
The Indices were found to cluster around an index of
1.5018, 2 few went 23 high g8 1.8119 2nd zome ss low
68 1.4875, but theze were -exceptions. This index

corresponds tw 8 glass wlth & sillice percentage of

above 70% amccording to Oeorge's 1 work on natural glasses,

1. George, W. 0., Jr. Geo., Vol. 32, p. 365, 1924

88,



Tuff Bed "R

Coarse ashy sandstone
Ripple marks

Fine, massive, white tuff

Sand and ash mixed in swirls and wavey
laminations '

Coarse sandstone, grading to pure ash
at top

B

Tuff bed "¥E” 48 very similsy to both "o and
“H" 4n that 1t I3 medes up of mesd ve fine sshy horizons
together with sandy and sheley units. 7Tt extends from
the Puckett Ussa bad lands smphithester seross Bouguet
Canyon znd peoseibly 1s represented neer Haskell Canyon

by sahy sandstonss that have aspparently the sans

f

sraphie posit

e
|3

steat

%

The messzlive horigons ars not as porcelanecus ss
some of thosse in "8" and "B, and silicification doss
not appear to have proceeded Lo such an extent.

East of Bouquet Canyon bed "K" Iis made up of units
gontaining much mors sand and clay maeterdal than west

f Bouguet Canyon where 1t becones more pure assh end
obtains & thickness of five to asix Test. This thicksat
seation can probably be regarded as beling nesr the
panter of the body of wter in which 1t waz deposited.

In this same section, minor ashy horizons of no great



P
L' )

lateral sxtent or thickness ocour both above and below
"R'. Parther west near Haskell Canyon, lenses of

ashy material which appesr to be in nesrly the assme

it
i
ity
o

1le position as "K" beeome very sandy. %

san be tuken to repressnt the western sdge

of the body of

D5 e g, 3. E e o MR E e . 5 8 ey » ” £ 2
Flppleo merka, lrregulasy bedding, end intraformationsal
B a2 S P VL I T L B o FE LR 4
uneonflormitlies wers observed in "K™ ss in "3 and

of the

Found,
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The nexzt higheat pair of tull bads are distinetly
differsnt from those lowey in the ssetion. Teirogro-
graohleslly L and 74" ars nearly pure voleoanic glass
ovar much of theilr sabtent. These glasay portions have
grey color as compared to Lhe
AT and "%, The fras

noy

e

T g - 2 B o %, 5
sbrushuras snd vary in size from

about 3;% wmn. downs,  The material 1z

3 .y . S A ¥ Beon @ Y 5 e B ] s N
unslterad, and no devitrifisstion wes notiocsd. Jas

bubbles wors seen In a nusmbey of Tragments but no

iigudd was notliced In any. 4s In bed "J", the glass

indlces ss low ag 1L.488 and some as high as 1,516,
2 &

slllca content of about 707 ascording to Jeorge, 1
Hsar the thieckest portion of "L", fine smorphous-

1ike, «hite, material asz describsd under "0Y gnd "u?

Both east of Bouquet Canyon and west of Haskell

Janyon "L™ becomess very sandy where 1t lenses out and

1. George; ¥. 0., Phyalical Propertiss of Natural Olssses,
JZ‘F. f g@ﬁwg Vf)},‘ 52} ?Q 3%33 3.3324




LT snd "EY are not as well consolideted sa "G"
and "EY and show no poreelansous cherscheristlcs so
"H%, They do not brssk up into
the manmer of "0% and "HY, bur ere
pulverize eczily. Sedimentsryy

a2z well preserved in "LY and "¥Y
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Tuff baed "HY ia not well exposed and can not be
traced f@f any greet distance, 4 few isclated cuterops
indicate that 1t axzaéﬁa from s little eeat to about
a mile west of Bouguet Canyon.

It has both glassy units simlilar o "LY and "§°
gnd also white units similar %o 70" and™H", Considersble
sand is present throughout mush of it.

Tuff bed "0" is possibly not worthy of note, since
it is only sn ashy conglomeratic zone snd not & true
tuff bed es ars the others described. It is, howevsr,
the highest in the ssction and is possibly valuable

for corrselstion purposes,
Tuff Dad M0F

Grey to tan sandstone

Blue~-grey, ashy, pebble horizon

Reddish pebble conglomerate horizon

Tuil Bed "H
Fine grained, grey, ashy silt and sand

Grey, slightly glassy, tuff, highly
fractured

Fine grained, ashy silt

White ashy highly fractured into small
fragments
Massive, even grained, grey sandstone




South Area

tsh bed "1I" extends {rom near ths mouth of Los
Pinetos Canyon to & polnt shbout 3 miles northeast on
the esst side of Band Csnyon. Tt is being cousrried
in Reynier snd fZand Canyon snd at this point 18 best
exposed, In these querries the tuff bed resches s

fost 1a

up of pyroclastics renging

down, Yhite opsous wmeterisl

described in Y97 snd Y07 of the norih srss mskes up

. . 2. B oy . - T 6% 9 % & g
abous e buff, and sonears move 1ike

in this wuf?

amount

affect

to the fine grainsd horizona

o
i
i
ot

% s 11 2% vy b s Wer s F Y, ; . '
in g7, "HY, and "H" of Yhe norih sras,

tn the sant 8ide of Zend Canyon this tuff bed

The best collsations of plent foszile so fer

nrobably ecounteracts ¥ he weskenin

8.
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' ‘obtained have come from these stone quarries in tuff
":bad ¥I". en who have worked in the quarries say that
the plants come mostly from the lower half of the tuff
»h&dﬂu

Dark grey clay

Massive, fine grained, grey tuff

White, fine grained tuff, fairly massive
White, porcelaneous tuff, fractures

into small kernels

Dark brown clay




Approximetely one mile west of Fumphreys is an
srea of tight folding., Tulf bed "II" 1s the lowest,
end most prominent tuff in this aveas.

it is mede up of units of meseive {ine grelned

&

tuff and units of porcelaneocus tulfl z2imilaer te thosne

in "47 snd "HY of lhe north ares, These porcslaneous

units {rascture into tue cubs-1like forms deneribed under

cknaessss of

grained, tulf. The beds below ars cosra

Very few erystsls fragments of gusrte, biostite, snd

feldspar sre present. In this respect 1t Iz sialler

. £ v 1% i e U M E b ey B e i & #Fwe 9 e
Lo 17 paris of "L g% THT; and « Tha

1/6 mwm, in Glamebsr.

40,
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Tufl Bed "ITIH

Tull bed “III" iz very much 1lilke "IIY, and its
identificetion whaere found elone 18 not cerisin in
many ¢eseas The tufll 1teselfl is practically the ssme
ge "II", but the bed ean be identified by the overlying
end underlying horizons which differ with the different
tulffs. 7These are not slways consisient, though, but
uguslly they eld grestly in ldentifving e bed,

Tulf ned "ITI" 413 not continuosus over the extent
of "I7%, but pergllels 1t over short distsnces and then
lenses oul,

Both "IT" and "IY7® sre somewhat Tozsiliferous,
snd this feet led the sutbor to first believe that
beds "I" gnd TIT" or "IIYY were the same bed in ths
gouth arsz end that thay corresponded to "HY, the
fossiliferous horizon of the north sres. Ths fret
that "L" gnd "¥", whieh coverlie "EY are very similer
to "IV" supported this belief. The digtribution of
the beds after further mapping, however, shows that
#IM and "I7% gre not the seme beds, Correlation based
on tuff charscteristics is therefore vegue 1if possible
gt ali,
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Tuff bed "IV" 1s the only othar bed in the south
‘area that could be determined to be an individual and
“separate baed., In comparing 1t to the beds of the north
| érva,iﬁ is most nearly similar to "L" and "M". There
are only a few patohes of 1t exposed. It is glussy
as nrq "L and "M", end has the charscteristic blue
sray color of these beds,

Most of 1ts extent is covered by alluvium., Tts
 emstern 1imit gredes into s well consolidated, medium
_graiaed, grey sandatone. The ash bed does not appear
to lens out ss some do, but rather is replaced by the

sandstone horizon.

Thin, brown, fine grained, resistant ss.

Grey, friable, glassy, thinly bedded tuff
slightly fossiliferous

g Brown to grey sandstone, poorly consolidated
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Petrographic Summary

In the north erea tulf beds "BE" and "F", 0%,
and "H", and "J" and "K" sre characterized in the
ﬁ&ﬁ& specimens by having s white to eresmy white color
snd by being relatively highly indurated, "L" and
"H", on the other hand, are typleally blue grey in
color snd pulverize easily., The white color of the
first group is due to s mabterial which sppears opaque
with trensmitted light under the microscope and is
white in reflected light. At Tirst glance 1t might
be eslled keolin, but when the hardness snd compactness
of the tuff are considered, 1t =meems sz though 1t ls
not. It may be that it 1s ksolin, but that the whole
mass is so impregnated with silics that 1t is held
together in s compact resistant mess. It may aslse
consist of very fine particles of glmas or products
of devitrification of the glsssy meterial which
meke  up most of the remsining volume of the tuff,
Some units slso contain corystszl: fragments.

HLH and "E" are almost pure glsss fragments renging

from 1/6 mm, down.
The tuffs sre guite acid. Indices of the glasse
are sbout 1,50 which corresponds to & silica percentage

of 70%. The crystelline portions of the tuffs slso
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indicete en scid nasture of the materiasl,

In the south ares tuffl bed "IY, "I1", end ¥III"
ars of the white type of the north sres wmhile "IV"
is of the blue~grey type.

In general the tuffs can be described as fine
grained, acid, vitric tuffs with varying degrees of

siterstion and silieciflicmtion.



Fig. 23.

Fig. 24.

North arcza. Fhotomicrograph of thinm
section from middle unit of tuff bhed
"G" showing angular minersl, glass, snd
rock frogments. The opaque portions
are a kaolin-like materiasl making up
much of the bed. Un=-X nicols, x1204

North area. rFhotomicrogrsph of thin
section of lower unit of tuff beda "G"
near Vasquez Canyon. This combination
of volecanic glass shards and opaque,
kaolin-.ike material is typie=l of
many of the tuff beds. Un-X nicols,
x120,






Fig. 25.

Fig., 26,

North aresa. Fhotomicrograph of top

unit of tuff bed "G" near Vasquez Canyon
showing volcanic gless fregments and
crystalline material., Un-X nicols, x 120.

North area. Same field sz above butb
with erossed nicols. This gives an
approximate idea of the provortion

of erystalline to glassy material,
x120.






Fig. 27. North asrea. Photomicrogreph of thin
section of tuff bed "K" west of Bouguet
Canyon. The elongated nature of the
gla ss frogments is peculiar., Perhsps
they originated as a sort of Fele's Hair,
Un=-X nicols, x120.

Fig. 28, North area. Photomicrograph of thin
section of tuff bed "H" near Vasqguer
Canyon. This seection is typical of
many of the tuffs showing s combination
of glass shards, opaque, kaolin-like
materiasl and a little crystallne materisl.
Un=-X nicols, x120.






Fig. 29.

North area. Photomicrograph of volecanie
glass shards from tuff bed "M", immersed

in cedar oil. Tuff bed "M" is composed
almost entirely of fine glass fragments.
The field was thrown slightly out of

focus in order to make the glass fragments
more distinct., Un-X nicols, x120.






Suwmaery of Distributlon of the Tuff Beds

The tull beds of the north aree trend sast-west
in their ocuterops, and are generslly lenticuler in
form. They thin snd die out toward the east snd west,
end usuelly becoms sandy toward the edges. Thelr
greatest thickness 1s sbout ten feet. Thelr linesr
sxtent renges between & mile end three miles in the
cass of the more prominent tufl beds.

Congldering the thickest portiona of each tulfl
as the center of the body of water in which it was
deposited, and the lstersl limits ss the edges éf 8
body of water, snd also taking into consideration feolding
and feulting, 1t seems thet the basin of deposition
migrated westward from the times of the deposition of
the {irst tuff bed to that of the last,

If the north area and south sres sre Jjoined under
the %iﬁ% ganyon syncline, the body of water in whlch
they were deposited had a much greater north-south
then east-west extent, being of the order of two miles
sast-west and ten miles north-south.

There is no conclusive evidence that they are
joined, however, even though they are contemporansous.
Then, too, &ll the beds of the north ares spparently

ere not present in the south area.
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Specinl Secdimentary Features

Ripple Marks (B8es photographs, f£igs. 70,3, 4o,41)

Hipple marks are falrly comsmon, both in the ash
bede snd glac in consolidated ssndstone and shele
mambera of the Wint Canyon. Some doszen exposures of
rienle marks obssrved showed 51l symmatrical oselllastion
ripples. They ranged in wave length from 1 ineh to
2 5/4 inshes. Ripple indicss ranged from about & to
11, Thess ?ipgé@§ £@E3 within the rangs of aqueocus
oseilletory ripple marks s deseribed by Twenhofald
and eould not be zeolisn rippole marks. According to
Twesnhofel, the relstion between ripple slzes and dspih
of water is not accurately known., Zmell ripples do
not neceszarily indleats shallow depths as they slso
sen form at grest depths, but slines lsrge waves a2an
not forz in shallow watey, the rivples thers will
alwayvs be small, The distribution of the sedimants
in the sesction under discussion seems to sliminate
the possibility of great depths so that the relatively
amall size of the ripples observed suggests shellow
water, They may nsturslly have formed neasr & shore

line, but in several cases noted they ococurved at

1. Twenhofel, W.H,, Principles of Sedimentation, 1939
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the thiclzat gsection of ash which in other respects
appears to be the center of the body of water. This
fact, together with the fanot thet no lerger ripples

were found, strongly suggests a shallow body of water.

Troga~leminstions (2ee photographs, figs. 31, 35,56 )

Crosg-laminations ococur in both the tuff «nd other
sedimentary beds, For the most pert, they are on ¢
amnll somle, of the order of size shown in photogrephs,
figa, 34,35, A1l those observed were units boundsd
by perellel planea which were squeocus oross-lemingtions
1

according to Twenhofel,

Some of the cross-laminetions are ripple-mark

eross~leminations sa in fig. 4.

1l.Twenhofel, %. H., Principles of Sedimentation, 1939




Mud Cracks

#ud crecks are not common and were noted In only
one case in the north area. Here they occur in shale
with sandstone {illing the cracks. The segnents were
of the order of five inches in diameter and formed
& typicsl mud crack pattern.

¥ud flekes occurred at one outerop in the south
ares, atratigraphiaaily near tuff bed"IV¥, A oross

aection g8 observed in the outerop 1s sketched below,

= e e
- SHALE ——=—— =

(NATURAL SI1ZE)

Rain Drop Imprints
At one outeron of well consolidaeted sandstone in

the north area, what wers thought to be rain drop imprints,

were observed. See photograph, fig. 3% .

448,



49.

Irregular Bedcing
Peculiaritles of bedding that can not easlly be

classified were observed., One type 1a well shown in
fig. 38. This botryoidal-like parting was observed
in seversl beds, but especially in "E", In some
cases where 1t was especially regular it gave the
impression of prints of organic material such as leaves
or wood, It agpéara to be due to original structures
in the tuff. In other cases as in fig. 32,33, coarse
@né £1na*matar&al appeared to be kneaded together. aaail
falawlika strustures were slso noted.

£11 thess atructures seem to suggest a condition
in the fine ashy sediment of sn ooze~like nature in
which phenomens such as contemporaneous folding through
‘alnmping, stirring and mixing of sedlments, and
differential oompsotion would take place. 3tirring
would oreate irregularities in the sediment similar
to bedding but which would not follow ordinary bedding
planes. This would coreate planes along which parting
would take plasce. ‘ .

inother suggested explanation ls that the fine
colloidel-~like ash in settling through the water would
be cosgulated, possibly eleotrostatioally or chemically,
into irregular olods of ashy material which would oreate
differences sufficlent to aontrol the irregular parting



after 1ithificetion,

Some of the minor irregularities in ba&diqgurm
undoubtedly due to s sort of seour and fill process.
Some of the smell fold structures are due to gontempo~

ranecus folding.



Fig. 30. South area. Osecil’ation ripple marks
in sandstone sbove tuff bed IV",

Fig. 31. North area. Oscillation ripple marks
near top of tuff bed "H" near Vasquez
Canyon.






Fig. 32. North area. FPeculiar nixing or "kneading"
of fine and cosrse material in tuff bed
"G". This phenomena was observed in
several localities near Vasquez Canyon.

Fig. 33. North area. Similar to above,






Fig. 34. and 35. North area. Typical examples
of small-scale cross laminations as
seen in tuff bed "H",






Fig., 36, North area. Ripple cross laminstions
in tuff bed "H".

Fig., 37. Fresh water gastropods, Paludestrina
Imitator Pilsbhury, which occur in the
lake sediments at many localitles.






Fig. 38. North area., Peculiar botryoldal-like
parting as exhibited in tuff bed "G".

Fig. 39. North area. Rain drop impressions (%)
in sandstone near Base of Mint Cgnyon
formation, west of Bouguet Canyon.






Fig. 40. North area. Oseillation ripple marks
from top of tuff bed "H" near Vasquez
Canyon.

Fig. 41. North area. Oscillation ripple marks
from top of tuff bed "K" east of
Bouquet Canyon.






feologlic Structurs

Coneral

Since the voleanic tufl bede are the most distinetlive
beds in the Mint Canyon formetion, it ia not unvsual
thet the mepping of thelr digtribution should urling
cut some interesting structural features of the Kint
Osnyvon basin,

The main stricture of the Mint aanycn ares ié e
broed synelinsl trough roughly elght wiles in width,
snd pitching in a direction slightly south of west
gt an engle of sbout 10° to 209, There ere complications
within the main structure, but generally speaking,
tne dips on the flanks of the basin range between 15°
gnd 30°,

There sre two separste asreas of tuff outorop
occurring on opposite borders of the syncline ss though
the water system in which they were deposited had &
grester north-socuth extent, across the strike of the
synclinel axis, than in an east-west direction. These
two arags were mapped seperately, It so happens that
these sress heve a complicated structure as compared
to many srees in the basin. Qvagtuynad,felda and
considerable faulting occur in both sections, The

overturning in the north area 18 to the north, while



in the south sarem 1t 1s to the south, There are
falrly extansive areas toward the genter of the ¥int
Conyon trough, however, in which the dlips snd atrikek
tre relatively oconstant, or at most vary only to conform
with the largs synclinel atructure, 7The generslized
pleture then, that hes been obtalined from working
with the tuff beds plus acme general recormiissanocs
work over other parts of the ares 1s one of a broed,
gently pitching syncline with & few rather restrioted
- ssotions neay either edge, complicsted by falds»and
faulta,

&ince only the distribution of the tuff beds wes
mapped, however, 1t must be realized thet the structural
picture aen not be actually complete. 1In the north
erea; the diatribution of the tuff beds is such that
s feirly continuous snd somplete picturse of thet area
is obtained, but the patehy natures of the tuff beds
in the gouth ares, results in only a limited plecture
of the structure there, Fven though the dats 1s in-
complete, certain genersligationa concerning the

structure seem t0 bBe warranted,

b2.



Horth Area

Foldin
In ths north erea, the major folding inoludes a

series of four folds, two antiolines and two synolines,
trending east-west and gometimes south o weat, The
southernmost syncline is overturned to the north in
its eastern part. Its axiasl plane dips southeasst at
about 40° near the mouth of Vasgues Osnyon., About
a mile west of the Bouguet Canyon road, this syncline
becomas open and aymmetrisal,
| Structure section B -~ B! ghows the nature of the

folding weat of Bouque® Canyon, and one of the
gneiulines iz well exposed in a cliff as shown in fig,

42 4+ 'The nature of the folding 1s interesting in thet
the flexing takes plaoce In & restriocted region at the
axis of the folds, leaving each flank with s relatively
homoclinal aspect, Other folda of this nature, though
of amall scale, may be seen in roasd outs on the weat
side of Bouquet Canyon Road betwsen the Vaaques Canyon
Rosd and Texas Canyon.

of particular interest is the sanner in whioch

the beds involved, having relatively constant orientationa

as they enter this section, suddenly bresk into a

series of folds snd then quite as suddenly rYeturn to

53



to their original orientations. This localized nature
of the folding 1s discussed further under the summary
- of structure.

There 1s other folding in the area, but it is
not as prominent sz that so far mentioned, A broad
aynaline4wh@se exis strikes socuthwest, cuts the bad
londs cliff jJust south of Puckett Ranoch east of the

mouth of Vesquez Csnyon. Smell undulations are apparent

in many arees. For example, there is considersble
folding on a small soale west of Bouquet Canyon and
alightly south of Texas Canyon., These small folds
tend to follow ths southwesterly plitoh of the more
prominent folds.

8t111 snother syatem of folds, eppears to trend
more or less tranaversaly to the southwesterly
pitching folding, It manifests itself in an undulating
nature of the axes of the other folds, It is quite
difficult to map any individusl folds in this system,

however.

Faulting
4 moderate amount of faulting is present in the

north ares. Qhar@ appear to be two major systems of
faulting, one with faults striking in a northwest-

southeast direction, end a second with faults striking

b4,
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egst~west, Soxe of the small faults in the area mmy
be referable to landsliding,

The east-west trending system 1a the oldest, cut
in many cases by northwast-goutheast faults. For the
‘moat part they are small faulte with vertioal compnnents
most prominent. Displacements usually do not excead
76 fest and most commonly srse much less, On thoss
that could be determined the faulting was normal,

The younger, northwest trending faults are of
greater magnitude in most cases. The movementa ere
larger and the faults are more continuous for greater
'dtatanaem. There 18 & vory good agreement in the
motion of these faults. The northeast sidas, in all
the faults of this aystem thet were mepped, was-the
down-throw, end/or the southwest, the moving sids.
S8inos no fault planes were seen and since no suitedble
data was obtained from areal mapping, the component
directions of motion could not be caloulated definitely.
The main fault displacing tuff hed "L", west of
Bouquet Canyon, shows definite dip-slip movement and
_only possible strike-slip movement., On any of the
other faults, dip~slip movement alone oould have

accomplished any of the relationships observed,
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The movements on these faults, though lerger than
those displayed on the east-west faults, 1s still
’not: of great magnitude, being of the order of only
109 to 200 feet in the vertlioal component,



South Areas

Folding

 Polding in the south area 1s similar to that in
the north area in that the folds ere confined to a feirly
restricted area, and that they grade from upright
“folda into overturned folds within relatively short
‘distances. The folds strike northwest-southesst, and
piteh to the northwest. They occur on the southwest
flank of a northwest trending branch of the main Mint
Canyon syncline. This branch s similer to the meln
aynclinal structure in that it i1s e broesd gentle
_floxure as compared to the local patchea of overturned
folds,

This area of overturning lies about a mile southwest
of the town of Humphreys.

There are two main synclines and two anticlines,
though assversl amall branches from the main structures
were noted. There 1s uncertainty in the interpretation
of some of the mlnor features due to brush end
ingsufficient exposures, but the mein festures seem
to be as mapped.

In one instance, s tuff bed can be traced slong

1ts strike and@e found to grade from 6560 south dip
to an 80° overturned north dip inside of about 1000 feet.



Thls extremely local ized flexing is slsc apparent
in that these folda die out quite rapidly to the
southeaat and éo%'t affect a tuff bed dacurﬁ&ngluwur
in the ssotion and exposed sbout a mile southesst of

the overturned part.

Feulting
The trend of the faults of the south ares which

}wera mapped veries {rom a& nearly northwest trend to
a more emst-west trend. The northwest sides of the
faults are usually the up~thrown sides., The amount
of strike~sallp motion can not be determined with the
data on hand, Kewl mapped a fault cutting the lower
tuff bed, "I", near the mouth of Reynler Canyon as
post~iiodelo and pre-~Pico. This fault according to
Kow has%minimum vertical displacement of over 1,000
feet ae indicated by the thickness of Hodelo removed.
The tuff bed i1s offaset, but spparently not enough to
sccount for 1,000 feet of vertical movement, There
possibly has been, therefore, strike~slip movement,
the gauthwasﬁ side moving northwest s&s in the San
(tabriel fault, thereby partially closing the offset

caused by the vertical movement,

Kﬁ“p ?ﬁo St %g.’ ﬁt St &0 3:.; Ml. f@o. ?53, F@-

» 1924
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The movement of the northwest sides of the feults,
the upthrown ai@ga, is opposite to that of the Plesocerita
faultl which branches from the San Gebriel fault near
Eha mouth of Los Pinetos Canyon, but is compatidble
with that on the San &aﬁrial fault itself.

~ The dating of folding and faulting cen be done
at least tentutively by correlstlon with those divisions
of movement indicsted by Kew.? The large synclinal
structure was probably started direotly after the end
of the ¥int Cenyon stege. The overturned folds
probably followed this immediately or were contempo~
rencous with it, since the overlying Modelo 1s only
slightly affected, Thes eest-west feulting of the
north aree 1s apparently later than the folding end
can poseibly be conaidered azs post-liodelo. ¥ew has
shown that & lerge fault in the south esres le post-
iiodelo and pre-Plco. 2inge the other faults mapped
in the south sres ere compareble to Few's larger fault,
both in orientation rnd nature of movement, they are
probably alao of the ssme date. The northwest trending
fault system of the north eres is possibly Plelstocene
or post-Saugus pre~usternery terrace, since 1t displaces

the easst-west fault aystem and yet dosa not displaoce

LQ Eewi ’gén BQ %.' & ﬁ:’om, Au EQ' AQ ﬁ* Pt Ga‘ velv
v / XVI, pg. 780, 1938
2., Kew, W, 8, W., U, 8. $. 8., Bull, ¥No. ?53, PPs

» 1924
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e wuaternary terrace deposits. There 18 slso pogte
Saugus folding, though it is not extremely sherp in
the argas ma@pad”ar observed.

fa9 nes been indloanted previously, the restricted
extent ol the sharply folded beds is psouliar., It
6@@3 nct seenm posslible thet the overturned folds asn
be dirsctly related Yo the broad synclinal folding.
Tt ssems more llkely that these local sress sre merdly
expresalons of wovements in the basement complex in
tne Incouwpetant sediments of the iint Canyon, The
flexureas being 20 shorp, 1t seems 1llkely that thrust

faulting 1= responsible.



Fig. 42, North area. Anticline exposed west
of Bouquet Canyon. Tuff beds "L" and
"M" are exposed in cliff.

Fig, 43, North area. This view overlaps the
left edge of the photograph shbove, and
shows the adjoining syncline.,






Hode of Depoaltion

fhere are severszl guestions which Immedlately
srise when one considers the various posaibilities
&3 to the conditlene of deposition of the tuff bheds.

Pirst of allg dre the tuff beds deposited sub~
asrially or aubwaquénualy? The evidence appesrs to
be one~szlded in favor of é sub-ggueons depositlion.
“ome fairly conclusive evidence is as follows: presence
of |

C&e Aqueocus cscillation ripple nmerus

2. Agueocus type croaz-laminatlions

3« Weter rounded conglomerates and poorly sorted

sediments in general
4, A type of lenticular distridution of tuff beds
most possible in water-lald deposits,

Though no evidence of wind action was recorded, 1t seonms
1ikely that in & semie-prid climeste such as 1s Indicated
by the plsnt record, most bodies of water of the smell
size indicated by the sextent of the tuff beds would
be to some extent ephemeral and that wind actlon would,
therefore, plsy en Important pert.

Zince the beds appeer to be enieflly water-laid,
are they, then, marine or rreah;natar eraai;s?

Evidence seemz to indicate a fresh-water origin.



Fresh-water invertebrates and plants, the presence of
8 good representation of land vertebrates, snd the
prresence of {fanglomerates point toward land deposition.

If they are terrestrisl deposits, are they river

flood plaln deposits, lske deposits,or fresh-water
estuarine depositas? The major deposition of the tuff
beds is apparently in nearly still bodles of water as
indleated by the fineness of the ash and silts depocsited
and the presence of many oscillation ripple marks.

the deposits have been described previocusly as

lacustrine deposits and there are many points favoring
this view. Sowme of the more fmportsnt ere listed as
follows:

l., Presence of and sbundance of mainly one form
of fresh water gustropod, which is typlcal of
lake conditions; and presence of fresh-water
plants.

2. 'Thin, regular, lentiocular nature of tuff beds,
typilcally lake~like in character.

3. Fineness of sedlments.

4, Leck of any indleation of strong streem action
through area of deposition.

The main difficulty with postulating an inland

lske 1s the fact that the #int Canyon sediments were

deposited very near the sea with no apparent barrier



to cayee n basin., The leck of any pleye~like salt

derogits In the sediments Is slao egeinst an enclosed

begin,

For these reasons the hypotheses of river

flood vlein and froshewnter-eatuoarine sonditiona are

sagreated as alternate hypothoses and are Sested with

the evidence on hand,

Favoring a river flood nlain depoaltion as compared

to s leke hypothesls, the following features can be

2.

Ppssible elongate nature of deposit with a
14mited enst-west extent of only one or two
miles, and 2 north-south extent of 10 to 12
miles,

Epesence of stresm worn conglomerates. These,
however, ars confined ahiéfly te the edpes

of the body of water.

Lack of evidence for a dbarrier between MYioocene
sep snd ares of deposition to account for

lake basin,

Contradieting the river hypothesis asre the following

points:
1.

2.

Yo ehannelways or prominent cut and fill
features distinguishable in any part of the
section to indicate stream sction,

Ho evidence of currents such as current ripple



MADHD .
3. Lack of certalnty regarding elongabte diatribution
of tuff heds.
In favor of frash-water estnarine derosition sre
the followingz pointa:
1. %5 naecesslty of a mansive land barrier betwesn
san and sreas of deposition,
2., Troximity of grea of ¥int Canyon sadimants
to mavrine sediments of supposedly the same
5E6.
bpninat tha hrpothesia mf aatuarine deposzition sre the
followlng points:
1. PFpunes 12 limited in numbsr of forms, but
the few present are sbundant., This diatribution
is more typlecal of lske conditions,
2. There 13 no evidence for a lerge stream which
would keep the ares dominsnily frashe-wster
1f of marine estuarine nature, Th&&ieaﬁaeﬁally
pertinent when 41t 1s noted that the floral
record indlcates semi-arid conditions which
would include the suggsestion of intermittent
atresm flow,
3¢ No bed of barrier bar type haz been observed,
Of these three hypotheses, the lacustrine mode of

denoaition has spparently the least serious objections



€s,

and wore evlidencs in its Lavor.

| ibe next problem, then, 1s to determine the nature
ol the basgin of deposition and especislly the type

of barrier Lo seaward wﬁiaﬁkgmuld cause a lake gystem
to Jorm ul tids point. The fact thet some 4,000 foctl
of sedimonts have ascuaulated indlcates that the basin
was due to some leiriy praminanﬁ‘faatura.

The possiblilities seem Lo divide theaselves Into
two groups: nanely, %@ctonie and physlographioc.

Severgl, physiograpnic possibilities arlse. ihe
lakes muy aave formed as - lagoons behind sarine barrier
‘bars or beach dunes. It ls concelvable that fresh~
weter condltions would be possible snd that the depression
would be of an elongete nature. 7The thickness, however,
of sedimenis present seems very uniikely to have
accumulated in such e masnner,

nexson® has suguested the possibility of « large
ailuvlal fen being formed seross the iHlocene Sants
Clers Valley thus lsolating this eastern portion. The
picture would be somewhat similar to the Salton Sea ~
Imperial Velliey section. This could asccount for the

great thicknesses of sediment, and much of the Xint

1. Jahn&: HeHyy Ame Jr. of Sﬂiug Vol. ’ ?ycﬁ‘«l@*Bﬁﬁg 1939
2. idaxson, J., H.y Oral communication, April, 1940 ,




Canyon formastion Ys fanglomerate. The faot that thers
ere nn lsrge salt depositas in the formation, howavaer,
indicates that the lakes were not playa 4n nsture dbut
were drainecd at intervals, This i3 compatlble with

a2 fan hypothesis,since & fan would cause only a gradual
rise of base level for the streams from the esst, and
the beasin, therefors, would not he deep at any on2 time
end overflow would be wvery 1liksly.

In considering & source of asuch a fen, no evidence
is known to indlicste s possidllity. Study of the
distrivution of the fanglomerates of the formation would
undoubtedly throw light on this matter,

Of folding end faulting, the latter seems to baf
the moat likely proszibllity in this regilon. The mejor
folding in the Santa “lars Valley hss apnarently been
neerly parallel to the véllay and would not produce
g barrier e easily sn would fanlting, Tiltinz to the
esat of the block on which the sedimente ocecur econld
cause a8 basin, but, if this were s gradual process as
indicated by the probebility of the besin dreining st
times, one would expect the oldest beds to be tilted
considerably more then the younger ones, If a block
to the west of e fault crossing the valley were alevated
gradually, sn inland besin would be formed., If aggradation

in the besin were at such & speed as to keep the basgin

es.,



nearly filled, the conditions indleated previouasly could
be met. It sesma that some down-dropping of the dlook
of deposition would be necessary, however, to aaaomaaaza
4,000 feat of saé&%&n@a;‘ gtharw!se one must postulate

o preat elevations of the mountsins surrounding the
basin. Since tectonic astivity has hYeen great in the
area during much of the Tertiary, 1t seems possible

that the necessary conditions could be fulfilled.

ihe lake system in which the tuff beds were
deposited agéaara ta‘ba of fraahwﬁntar natures and
was spparently drained st intervels., Semi~arid ocon-
ditions indicated by the flora, piux the thinness of
individual units, plus the nature of the ripple marks,
suggests thet these lakes were shallow and possibly
epheneral.

The most pleusible explanations of the lake basins
at present seem: to be that they are due to & tranaverse
alluviel fan or vertical movement on & transverse |
fault, either of which would separate the upper end
of’ the Hiocene Eanﬁa Glaras Vallsy from the ocean.

The axkruﬁaly fine, xoii»éaf&naﬁ units of tuff
suggest thaz they were deposited from ash falls directly
into the lake. Other units have typlesl water
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transported cuarachters. For exampls, some unita show

pertect gradevlioa froa coarse materisl st ithe base,

)

wiilen Is certainly transported by water,; to exbremely

&

FrE o N & Ty B g e
Ling a3 sl tha Lop.



Origin of the Fyroclastic leterial

Simpsonl rerorts rhyslitle tuffs, pumacerus material
snd dacite flows in the Rossmond serles of the liojave
Desert, Werriam? agsigned some vertebrates that were
gollected from the urmper part of the Hossmond se~jes to
the Upner liocene, near = Barstow ape. $1mysmn1, howevap,
tentatively eorrelated the Rosamond with the Fascondido or
Vesquez forwation which was of questionable ¥iddle ¥incene
age, HMaxson® and Jarns? belteve the Vasquer frrmation
to be Lo:er ¥ingene or Clirocene, and thet the Rosamw-nd
and Vaagquez can not be ¢-rrelsted, Naxson heaz gugrested
that the liint Cenyon formation and the Rosamend formation
cover approrimstely the same time ronge, =2nd that the tuffs
of the ¥int Canvon formation are gorrelstives of the
tuffs of the Hessmond formation.

The tuffs of the Rossamend formation sre apparently

gimilar irn composlition to the tuffs of the X1t Cenvyon,
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and 1f they sre gorrelatives, represent a mueh erarser
rraze, possibly nearer the point of origin.

The nearsst ares of onterop of Rosemond flows and
tuffs is at Antelopne Buttes ~brut 20 miles airline from
*he lint Csnvon reginn.

The Rosamond area, therefnre, would sprear to be the most

likely orizin of the seidie tuffs “orming the Kint Canvon

taff beds.
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Ecopomic Aspscts

The sconomlic use of the tulf beds at pressnt is
limited to two things; first as road material; end
second, as surfacing maberial for various types of
roofing.

tuff bed "1 1in Plaserita and Reynier Canyons
18 being querried st present and the materlial used
Eg the Ploneer Division of The ¥lintkote Qam@any.l
Tt 1s burned at a temperature of from 1800° to 1900%
at which %g&gﬁé@tﬁr& 1t turns red due to the oxidation
of the iron content, The burned materfal is ground
end classified by screens and 1s used es @ surflacing
materiel on asphalt shingles snd certaln types of
roll roofing. ‘

T™aff bed "L" was quarried scme years apo west
of Bouguet Canyon and wes burned in an oven at that
logstion.

It is used as road meaterisl only locally. It 1is
not too resistent and does not stand up very well

under any hard wear.

l.Harkins, F, %., dgr., Bldg. 4tls. Division, The Flinte
' kote Co., written communieation.
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Tuff beds "L'" and "H" are nearly pure voloanio
gless as indicated previously. The size of the gisses
fragments renges from sbout 1/6 mm. down. It seems
that puch material should be useful a8 a yvough abrag ive.
The suthor, however, found no record of sny of the |

tuff meterisl heving been used in such & way,



