L




"NE BERIZE OR
THE NOHTH BIDE OF WOUNT DIABLO CALIFORNIA

by

CHARLES FULMER

4 thesie eubmitted for the degree of

HABTER OF SCIENCE

UNIVERSITY OF wWABHINGTON
1947




The author ie deeply indebted to Professor Veaver
for the suggestion of the problem, the cloee continual
assistence, guidsnce, encouragement and personal direction
rendered throughecut the entire field seanson, and the
following period spent in the leboratery,
supervision ¢f Professor Coombs, to whom the suthor is
greatly indedted for the suggesticns and veluable aesiste
snoe and guidence given througheout the laboratory work,

The suthor is indebted to Professor Goodspeed and
¥r. Clsuson for the suggestions snd sssistance given in the
mioroscopic determination of the mimersl fragments, The
aid of Professors Weaver and Coombe, ¥r. Clauson and Niss
Gmith is also gratefully ackmowledged for resding snd
eriticizing the ’mm;ﬁf

Lastly, I am deeply indebted to my father and mother
for their unfailing effort in making the work poseible
through eaccuragement and finencial assistance,

- was uander the




TABLE OF CONTRETS

Page
LIGT OF PLATES 144

-3 IRTRODUCTION 1
11 PREVIOUS IRVESTIGATIONS 4

111 LD INVEETIGATIONS: 10
Ueohaniosl inelysis 14

%éwwwagie Study of the

16
18

iaiﬁiﬁ?.%&? of the Kerkley ;
ﬁamﬁw 17

?aﬁ;&g&ﬁa&y of the Yarkley
%mﬁc& 24

31

Vi

41
Vil

42

Petrogrephy of the Negsnos |
Formation 46




Part
vIiiI

IX

%

POREATION

IDENTIFYING CHRARACTIRISTICS OF
THE BOCEEE PORMATIONES

Jource of Sediments
COHCLUSIOHE BARED ON SEDIMUNTARY

PETROGRAPHY

65
66

& 3




Plate

il
il

v

Vi

Vil

VILI

¢4

il

X11
X111

iii

LIST OF PLATES

PHOTOGRAPHS OF THE LOWER MARKLEY
SANDSTONE AND SIDNEY BHALE

E1RKER~-BARKLEY UNCONFORNITY

PHOTOMICROGRAPHS OF THE MARKLEY
FORMATION

PHOTOMICROGRAPH OF THE HEAVY MIRERAL
BULTE OF EIDREY BARDSTURE

COLURHAR BECTION OF THE HARKLEY,
HORTOKVILLE AND DOMENGINE PORMATIONE

CONTACT RELATION® 0OF THE NORTONVILLE
BHALE AND THE DOMERGINE FORMATION

PHOTOMICROGRAPH OF THE HEAVY MIRERAL
SUITE OF THE NORTORVILLE SABDETONR

PHOTOMICROGRAPHS OF THE DOMESGINE
FORMATION

PHOTOMICROGRAPHE OF THE MEGANCE
FORMATION

COLUMEAR SECTION OF THE MEGANCE AND
HARTINEZ FORMATIONS

PHOTOMICROGRAPHS OF THE MARTINEZ
FORRAT ION

AREAL MAP OF T, DIABLO AREA
GEOLOGIC CROED SECTION 4 - &

1

Page
Frontispliece

e & 8 &8 g 8

(S

¢ e g & &







iv

The aree under discussion is situated in the Cosst
Ranges of Central Q&Xifwaia; on the nerth side of ¥t, Diable
socut 30 miless northesst of Ban Trancisco. Tormaticns of late
Cretaceous and Tertiary age sre tilted upward with & genersl
NP dip and rest upon & busement of Franciscen rocks, which
forms the core of Mt, Disble, The formations are primerily of
sedimentary origin snd heve o prevailing strike spproximstely
H 70 W. ‘They are intersested by N¥.SE trending thruet faulte
sad eut by smaller, normal, sdjuziment fsults whose gensrel
trend is nertheast,

This report desls primarily with em investigstion of
the sedimentary petrography of the formations belonging to
the Sooene. These consist from older to younger of the
following formetionsl units: Nartines, Meganos, Capay,
ngine, end the MYarkley group., The latter is composed
of mediumegrsined, wicsceous sandstone containing lithologic
sub-divisions designated as the Fertomville snd &&mﬁ' sheles,
These shale uniis contein an abundant feuna of Yoraminifers
snd ladiolaris, The results of the paleontologlie investie
gation are not included im this report, but aweit further




field and imﬂ%# atudics,

Detelled sirstigrephic sectious iméc measured with
plone teble end slidede ¢ontrel., The rock and fessil sawmples
sre tied in to their respective beds im the columnsr section,
The rock samples wers studied ism the ﬂ&mmtm petrography
laboratery of the University of Washingtom, waers patrographic
determinations were mads of ﬁﬁa wineral greins, The samples
were orushed, weshed, scresned, and the &iﬁ&ﬂi graing wﬁ
sepersied into heavy sund light suites Wy bromeform with a
specific grevity of 2,90, The heavy snd light minerals were
jmiereed in vils of known indices of wﬁ*«w%&m and studied
under the pelrogrephic mioroscupe., The gradeesize &iﬁw#& wers
construgted on S-oyole, semi-logerithulc payer, basad oa dats
obtained from the sereen enalysis, The ‘mwu are pletted on
the columner section iam 'ﬂﬁ§§Wﬁ with the &%u%&gtw;
position of the ssmple,




. BEDIMENTARY PETROSRAPHY OF THE FOGENE SERIES ON
. THE WORTH BIDE OF MOUNT DIABLO GALIPORNIA

I
INTRODUCTION

The ares under investigation ic esitusted in ﬁh&"ﬁ#&iﬁ
Fenges of Centrel Galifornia, on the north side of ke, mm&ﬁ,
approximsetely 18 miles south of the Jjunotion of the fan
Joaculn and Cacramento Rivers, 30 miles east of Fan ?raaeiaaﬁ,
and 50 miles southwest of Seoramento.

The problem undertaken ie s etudy of the ﬁtﬁiﬁ‘§§§§¥
ﬁétxﬁg&uy&y'&nﬁ petrolegy of the Focens ferlee on the nﬁyﬁhfk
side of Wt. Disblo, Gelifernie, The problem will be & con-
tribution to the understanding of the etratipgraphy and |
y@iaaﬁﬁaiagy'af the Mt, Disblo ares.

The Locene segtlon of the north side of ¥t. Diasblo |
represents one of the mont somplete Focsne ptratigraphle and
formal eequences in western North Ameries, and will be of value




&8 & standard for comporisen with other esiablished Togene
ssctiona of the Cosst Ranges sad othor seotions throughecut the
world, 7This area is importunt becsuss it containeg Chick depoos
its of merine Nocens sodimenis representing alwowl continucus
depoaition from the boginming Yo the clese of loesne time,
These sediments were tilted mnd breught sbove see level, end
now form somewhat rugged topogrephy comsisting of ridges and
intervening velleys pusevessing & genersl norsthwest wud scuthe
gest trend, These sirete towerd the ncritucsst paes bDeneath
the alluvium of the Jan Joasyuinm Velley, where in certain aress
they ere eccmomically importent becuuse of their gas and
possible oil content, Thevelure i1 bescomes importaat Lo have
an understending of the stretigraphic deteils, lithelogic
verivtions, snd fuunel content of the usite waiech eater inte
the Jecene rocks, rFarther seuth in the Cosst Renges of Celifs
orois, deteiled invesiigetions have beon made and published
concerning the ‘ocene lithnclegiec wnd faunel scyuenee, ihese
geations ure ueed for correlation purpeses eud in interprete

eting the subsurfive streiigraghy of the scuvhern part of the

Sen Joaquin Valley, The ssyuence of Yocene sediments on the
derth side of Wt, Diable oemtain stretigraphic snd faunel
evidence for building up s detailsd section which could serve
&6 « stendard for corvelaticm of Tocens deposits in the Coast
Renge of Central Californies and the sescticns obisined by
driliing beneanth the floor of the San Joaquin end Saoremente




velleys, The prosent iuvestigation wae undertsken for the
purpose of estsblishing such & section for the Yoceue om the
gerth eide of Mt, Uisble, This fuvestigativa will include
doteiled sresl mapping of several eirvsatigraphic Tocene unita,
& gtudy of the litholegy, sad the w%&ﬁa&twy satregruphy of

saoh ualt, aud the cvordimstion of the palecntolegle evidonce
besed oo nolluscan, eohineld, and foreminifersl feunss, This
ﬁ&@&l@ﬂ will lay eaphusis on tue sedimentery petrogrsphy snd
petrology of the Docese formations on ihe north side of M,
Uiable. Meny venitridutions have beea made te¢ the Tertiary
gevlogy sad pulesntelegy of this ares, but no detalled pude
Lished infomsation is aveilsble which eculd serve for the
sstedlishing of & stendard wection of the Zocens, o de used

for correletion purpoees of the Tgoene redk in the sur
sreas of Contral Csiiforaia, It 16 hoped thast this contri
bution will sem
Call
iﬁ'ﬁaﬂﬁﬁii#?i

The writer spent 10 weeks in the arce south and west
of Martines during the sarly summer of 1946 studying the
stratigraphie and structural relations of the Tegene rocks to
the underlying Cretaccous formaticns and the everlying Oligee
cene, Later, 6 weeks were spent during the summer and fall

¢ aa o guide te othoer investigetions in Central

fornis, where un iaterpretuiion of “ocens gevlogic hlstory

in the area north of lt, Diable in geologiesl mapping,
ccusiraction of crossesections snd colleetimg foraminifers




and rook semples for sedimentsry snslysis, Additionul field
work wes undervaken duriag December for the purpose of checke
ing previcus date snd the oollection of additional fosulls
end rock materisl for sedimentiary snslysis., 4 pericd of 8
months have been devoted to the laboretory iuvestigation ef
tire semples obteined.

These preliminery investigations are to be followed
by several wm&a of field work im order that the arss
investigated may bde axtended esstward to the Jan Josgquin

 velley.

11
PREVIOUS INVRSTIOATIONS

The firet orgsnised geologie work in ﬁmifemlu began
in Decumber 1860, &ﬂw the Celifornie state lw;iﬂst&&
suthorized the office of state Oeologist smd oreated s state
Geolegicsl Burvey, In 1864, the Geological Zurvey of Ualifere
nie published volume I of the Palecntelogy of Californis,
based on four years field work by CGebb & Yeek,

Gebbl divided his recognized cretacecus inte an upper
and lower divieion, whieh he called Cretacecus & and Urotoce
sous B, He inoiuded in the former, the beds now known se




Chico, Horsetown, and ¥noxville., The upper divieion,
Cretaceous B, was called Tejon., Tlater in 1869 Cebd®, after
sludying the Tertiary faunes sad ceolleciing from more
extensive areas, revised bis previocus e:mu:mat?wm He
subdivided Uretaceeus i imte the Shasts and Chice groups ead
division P he nused Tojon. He provisiomelly placed the Hare
tinexz beds between the Chieo and Tejom snd because of tne
emall geographieal extent of the Yariines beds, Gobb suggested
thet they might be & subedivision of the Chice, The determine
stion of the Ioseils cellected by Osbb from the Martinea beds
suggested that the Lertines founs wee & possible transitien
from Chicoe to Tejon. Luter whenm the Tejon wes regarded &s
Zooens, the age of the Ysrtinez beds beceme mn important
fector in determiming the geologic histery of Csliforais, The
firet age determination of say pert of the Chico-Tejon series
was wade by Convad® in 1865, when he desoribed & fov spesies
of wmollusean, fossils semt to him by Plske from Canade del
Uvas nesr Fort Tejom. These fossils cellseted by Blake were
referred to as “ocene in age,

Prior te 1896, the genersl sesumption concerning the
classification of beds om the north side of Mt, Diablo was &
two-fold division, the upper oslled Tejon and the lower the
Hsrtines,

The confusiocn concerning the age relstionship of the
Tejun, the @kim, end the Intermediete Reds of the Hartines




were largely eleasred up in & puper on the "Cretececus snd the
Koeene of the Pacific Coast® by Stanton®, We reergsnized the
earlier olessificstions; based on the results of wore deteiled
study of the Chieo, Tejon and Hertines faunss, In this new
srrangsment, he divided the Martinez group of Cabb inte twe
paria, on the bseis of ite faunal and stretigrephic relations,
He pluced the lewer part im the Chive snd the upper part in
the Tocene, desiguating it s the lower Tejonm,

The following yesr Nerrism® was sble to show that the
dertines fsuna wes quite distinet from the Chico and the Tejon,
Only @ fow species were found in comson with them, We sepur-
stled the Wertines bede from the adjeining formations on faunsl
and nmmﬁm besis, These beds were referred to as lower
Logene in age snd recognized as & geological formation distinet
from the Tejom, |

In 1905 Fesver® described meny new speeies of ¥ollusks
collected from the type seotion of Nertines formastion, On the
pasis of his deteiled fsunal study, he wes sble to divide the
artines formation imto two groups, the upper and the lower,
The lower Mvhiw Lt wﬁi&ﬁmﬁ as lowermost Togene in ages
loter the upper division was designated ss Domengine,

The stratigreaphic snd fesunal relaticns of the Yartines
formation te the Chice and Tejom formsticns on the north side
of t, Diable were deseribed by Diekersen’ in 1911, Te




recognised faunsl end strstigraphic breske existing between
the Hertlaes eud Chico formations snd euggestad that en
snconfermity ssperated the two formutions. He founa thaet
sinilar conditions exiated between Hartines and Tejom.

Following the work on the Nt. Diable eres, Dickerson®
studied e fuunal sad imtmwwm# reletionehip ¢l the
Tejon fermution at Harysville Futtes, 2 faunel assemblage
different from the Uartines end the Tejon faunes of Ht, Dieble
was rocognised and deseribved, The Harysvills Putte feune was
considered by Dickerson ﬁﬁ?‘l@ Tocene in age ead younger thea
the Uervimes snd Tejon founws of Me¢, Dieble.

Dickeracn” later iwéﬂigﬁ@& the kacwn Tejen on the
goutn side of ¥t, Disblo., As & result of this werk feur feumal
soucs were recognized based on poorly preserved fossils., The
fourth or uppermost zone was comsidered the ejuivelsut of the
¥aryaville Huttes fauns,

tater, after studying the Wertines fsune ot the type
section, Dickersonll wes sble to divide the Nertinez faune
into & gones, The unconformsble relations of the Martines
formation to the overlying Tejon snd the underlying Chice were
recogni sed,

Dickersonll in 1816 recognised four fsuncl zones in
the Tejon formation, baswed on the fml studies of the known
Tejun lecslities, These sones were getablished on the hasis
of poorly preserved molluscen fomellas, |




Clark® in nis peper entitled "The San Lorenso Series
of middle Celifornia®, numed snd desorided the Herkley forme
sbtion on the north side of Mt, Disble. He recognized thie
pew forsstion s San Lorense (Oligocens) inm sge, based on the
stratigrephio position of this formatien, to the knewn Tejon
of that ares. Later the Merkley formation wus proved to he
foeene in age by Clark and others,

During the summer of 1917, while studying the Tertisry
formations om the morth side of Mt, Disblo, Clarkl® recognized
the existence of & marked stratigrephic break between two
members formerly considered se Tejon in sge., On the beels of
areal mapping snd detsiled biologiec snd evolutionery study of
the fauns, Clark wes sble to show the presence ¢f & nuw stuge
of deposition in the Californis Fooene, and named it the
an“ group. It is divided imte five etretigraphic divise
ions eulled Wegsues &, B, C, D, and B, Division E, the
youngest, is uneconformably overlsin by the Tejen FPormetion.
Later in & paper éntitled "The Vaumal Relutions of the legancs
Group," Clarkl® recognized ﬁu wide distribution of the
Heganos group throughout the Cosst Runges of Cslifermia. The
study of the Yegunos fauna collected over & wide area, showed
that the feuns desoribed by Dickerson from Narysville Huttes,
belonged to the same stage of deposition as the feuns of
division D snd T of the Mogsuos, As & result of this werk the
ioeene of Californis wus twmawa as & thres=-fold divialen




consisting of ¥ertinez, Fegence, snd the Tejon formatione in
sgcending order.

hfver & detailed biologie study of the evolutionary
development of the Nooene feunes, collscted from numesrous
lecelities in the Cosst Aanges, Clurkl® wes sble to recognisze
the existence of & fourih stage inm the Toceme., This pewly

recognisad stage was onliled the Domengine horiazeon, with the

type seciion located on Nomengine Raneh, north of Coelings

on the west side of the Sen Jeaquin Valley. The lemengine
feuns was found in beds stratigrsphicelly below those besring
the typlowsl Tejon fauns, and above beds containing the newly
resogniszed megencs founa,

After the recogaition of ihe Dome
Coulings, Clark restudled the Mt, Dleble sres and found that the
peds which were feormerly considered as Tejon in sge contained a
fauns very similar to that of the type Domengine., Thus the
fourth Yocenc siamge was recognised on the north side of M,
Biable, |

The fifih stege of the Foocene wss recognised by C, m
Merriam end ¥, ¥, Turnerl® based on & study of the fauna
collected by T, M, Crook smd J, ¥, Firbyl? from their newly
recognized Capay fermation, The Vegs fauns of the Capay forme

ation elowely resexbles the fauna desoribed by Dickerson from
Haryeville Duttes and the wmiore feuns from the latter plsce

Cgorrelates with diviesion ¥ of the Vegsnes formstion on the north
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side of Nt, Disblo, The recognition of the Capey stsge ie
based on biological differences of the Cepay founs compared
with thet of the Domer
time a five fem division of the “eocene is recognized throughe
vut Celifornis, | The oldest of the Jocene formeticns ls the
Yartines, end avove it in sequence «re the Neganos, Capay,
Domengine wnd Tejen.

gine and the Negenos, At the present

111
FIELD IRVESTICATIONS

The geologicsl datse obtained es & result of field work
was pletted on & base mep, enlsrged from the i, Diable topo=-
syhic Sheet published by the United Stutes Geclogicsl Survey,
The original w is on the sounle a‘ff 13162,500, and was mmm
to spproximately 1000 fest to the inch to faeilitate sreal
mepping. Auxiliary sir plsne photo maps wers alsc used, making

it yossible to more sccurately determine the pleces where the
observetions wers recorded., Tarly im the invesiigstion a
trisngulation network system was established and the higher
pesks end points slong the coniscts between the formatione
were tied inte it, The locstions where the samples were taken
were tied in by slene table snd telescopie alidade to the
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trisnguletion network., This method produced a greater soouracy
in field mepping them relisnce on the more general tepographie
mep and the sir plane maps that very in scsle from plece teo
pluce, Thus the locslities where rock or fossil samples were
taken are felrly acourate,

4 detsiled stretigraphic oross-seeticn wes made with
the aid of a plene table and sisael tape, &t right anglea te ﬁa§
general strike of the strete, The variation in the lithelogie
deteils from the Loittom to top of oach formetion slong the line
of orves section has made 1t possidle Lo construet & columnar
section, The rook samples for sedimentsry snalysis snd the
shele ssmples contsining forsminifers were teken along the lime
of erove seotion affording meterial on which the laboratory
work is based,

The fereminifers studies are to be reported in future
reports, The main purpese of this paper is en invesiigation
of the lithologic details of esch formation by sedimentary
potrography methods,

During the lsst twenty five yesrs, rapld sdvences have
been mede in the fisld of micropalecatelogy, The establishing
of forsminiferal zones ferther scuth in the Cosst Ranges have
been especislly helpful in the correlaticn and esge determinat-
ion of Eﬁﬁﬁﬁﬁzlﬁiﬁﬂﬂﬁhﬁﬂﬁ in drilling, in connection with
investigations for petroleum. There are many workers ongaged
in resesrch work on the Tertiary Torsminifers along the
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Pacific Coast of Horth Americs und especislly in Gouthern
Califorsie, GSimce this puper desis primerily with the dige
éﬂﬁ&i&ﬁfﬁﬁﬁ analysis of the sedimeniery petrography of the
focene formations om the north eids of ¥t, Diable only u few
briel notes are given.
Aftor & detailed study of the microe faunsl relstions

in all key Tocene sectiiens of Bouthern Califermis, supplemented
by additionsl dets on sssembleges bullt up from core ssmples,
Leimingl?® wee able to divide the focene imnto 12 faunsl zones,
sach churscterized by ¢ distinet fusunal sssembluge, with one or
several species resiricted to it, These soncs stertiug from the
top of the Vocene are designateds %, Ael, A«2, &«l, Bled, Hel,
Bud, Del, Bed, O, I, and 7, Zones A~l, A«2, and A« are COrrée
lated with the Tejon stage, B-lA, snd Bel sre correlated with

mengine stage, Be2, Be3, Ped, and ¢ are correlmted with

the Capay stage, ﬁﬁait'@ and ¥ are oorrelated with the Hegeunos
snd Yertines stages respectively., OFf the above listed forsmine
ifersl wones only the % sons ig absent om the north side of
Ht., Diaole,

Laiming's correlaiion system was develeped for use by

-

0Ll Company paleontologisis, for determiuniag the age of strats
while drilling operations were in progress, Thus the zones
are listed in reverse order from tha gonventional masaner of

lisving feunsal horizonms,
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It is often difficult to correiste molluscan fauns
with the mierofsuns of the ssme busim of deposition, Decsuse
ke, foseils of either fauns rerely cceur together. Before
age correlation of the two types ie poassible, it is necessery
$0 have & very deoteiled eresl may im crder to determine the
siratigrephic sequence of the founal horlzoné. The relatione
ghip between evclogicsl conditlons and the presence or sbsence
of certsin foreminifersl sssemblages are nvt fully known, The
phylogeny in most csses is not completely kuown, wad the transe
itien from one genus $o another cemplicailes the clussification,
At the present time it is extremely diffieult to build up &
clussifiostion system of forsmwiniferal zones on @ worldewide
busis, 'mtil this is sccomplished, correlaiicm bvased of
molluscan end forsminifers cannot be very defimlits,

The formations studied, messured, snd ssmpled in
stratigraphic ssconding order, include the Hertines, Heganos,
Cupsy, Domengine, Nortomville, sud the Yarkley. 186 semploes
of rock were ocllscted from the msjor stratigruphic and faunal

units of emch of these formations, These samples ususlly were
taken slong the lime of orcss secilom, but in several places
sumyles were teken nlong the stirike of certain bads, some
distance to ine east or west of the sectiion, Additionel
somples wors taken from rook leyers & considerable distsnce
away Crom the cross section in order teo check minor changes

in litholegy end minersl content sgsinet lhese in the maln
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orews seoiion,

The columner seotion was consiructed from the messured
thickness of emch formation, and the samjles taken sre tied
inte their exsot strsiigrephie position within the columner
seotion, The gradee-size curves for &ll of the semples are

inserted in the golumner seotion,

seochanioul Analysis

The samples taien for study were firet crushed, cleuned
o; bathing in dilute {68) hydroohlorie aeid, decanted, washed
and dried, The cloun sumple wes then welghed and soreened,
The weight of the sample taken for soreen sualysis, depended
upon the grade sise of the reok to ve ﬁ&ﬁlfﬁﬁé* The coarser
the materisl, the larger the semple taken., The average welght
of the sunyle teken was syproximately 70 groms, The welghed
samule wus graded through Tyler standard ne, 5, 24, 42, 80,
snd 170 mesh sereens. The screens were rotated and tapped
until me further visable sepereiion took placs., The gontenls
¢f euch soreen was carefully remeved sad weighed, Only the
vesidue resciming oo the 170 mesh soreen (,175-,088mm) wes
saved for miercscopic exsmination,

Accumulation grade-sise curves were conatructed on
thres-oycle, semi-logarithuie paper, The percentage of the




sample that would be reteinsd on sny single soreen, if gitd
alone, is elivwn on the curve by & smell civcle, The ¢irele
representing sho highest percentuge indieates the amount of
suuple thatl would e reteinsd on the x?a mesh screen, The
iewer ciroles reprewant the 80, 48, snd the 246 mesh screcns
respectively, Tus scoumulation grade size curves were plotted
with the %4 mesh soreen velue normsl to the oclumnar ssetion
and opposite the sample number in order to show the verietion
of sorting (rom one formation to the other, The porticn of
the sample remeinisg om the 170 mesh sereen (.1706-,083 mm in
Gisweter) was tresied with bromoform (Ap, G. 2,80) for separe
atlon of heuvy wnd light minerals. |

Hieroscoplie “tudy of the Dediments

The hesvy and light minersls studied with the aid of
the petrogrephic microscvpe, were immersed im eils of known
index of refrection, The bimcecular micrcecope was found te be
very weeful in picking minsrels for astudy under the peirographi

migroseepe.

Hinsral perceutagos were determined by agtual count and
by estimalion after several countis were made. The minorel
peroeniage ourves for the Harkley formmtion were ¢snstructed to
saow the relative perceaiage of the mimersls throughout the
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formation., These valuss tﬁﬁrﬁaﬁai percentuge of ihe mineral
in the hewvy mipersl suite but not in the sample ss & whole,
The minsral gercentuge curves for the Harkley fommation sre

gnown ¢u Plate O,

“he Harkley formatiocn waa first deseribed and placed
ea reoord oy Clarkl® gm 1918, It wes st that time recognised
&% Sen Lorenso (Cligicoene) in age, based on the evidenge of
g06rly preserved wolluscan fossils and thought to be the
gguivalent of the overlying Firker fauns, Yermerly these beds
were regerded by Clerk as Tejen in sge, In 1930 Beiley®0,
while woerking im Potrerc Hills nerth of Suloun Pey, discovered
& Tejon fsuns in beds of the seme stratigrephic pesition as
the Merkley fermsiicn, on the north side of ¥t, Disblo. On
the basis of the foesil evideuce presented by Pailey, the age
of the Markley formetion beceme recognized as upper Tocene and
eyuivelent to the Tejom fermmtion, &t the type sectien in
Southern Celifornie. ‘
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Lithology of the Merkley Formution

The ﬁaﬁﬁi&y formation ie approximately 3800 feet thiek

end oonsiete of three cartographic unita, based om lithology.
The lowermost unit will be referred to s the Lower Markley
Gendstone; the middle unit, The Sidney Shule Member: end the
upper uanlt, The Upper lerkley Sendstone, |

The lower Lerkley sandstone consists of 1600 feet of
fine to mediumegrained, light buffetan, loesely consolidated,
micuceous sendstone. Intervedded with it are very loesely
consolidated, silty, friable ssndetone and layers of veryiang
thicaness, of siliy, ocsrbonacecus, micusceous, chocolate-brown
slay shele., Ueveral of the ssundstone beds are characteriszed
by reddish~brown limonitic stained, often esliche coataed,
slongste coneretions, whioh in scme csasss range from 3 to &
fest in length., The concretionary bede geanerally contein &
higher percentage of caleite and silics cement, but do uot
aiffer greaily in hardness from the mon conerstionary layers
that are cemented with limonite, csleite wnd minor swounts of
silics und gypsum, OCaverncus westhering is common throughout
the lower sandstons members. The concretionsry beds weather
out us steep, oliff-like, convex faces, and may be iraced the
entire distance of éﬁs exposed lower Yarkley., All ¢f the
sandstone beds in the Verkley formstion sare oharacterized by
the ocourmnce of large flekes of muscovite mica, commonly 7 to

4 mm, in dismeter.
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The beds of silty cley shale very from 3 to 5 feet in
thickness near the buse to £ to 4 inches in thickness near the
top of the zaﬁﬁ§ ¥arkley sandstons, These beds grade inte the
sendstone beds above and below, end are characteriszed by @
lerge amount of csrbonized m&%érisi snd guantities of Marine
distoms and rediolsris,

Interbedded with the sandetone éa& eley shsle alresdy
described are two very messive, soft beds of silty sendstene,
The upper bed is spproximetely 188 feet thick and occurs 176
feet below the top of the lower Markley ssndstone. The other
bed is approximately 200 feet thick end ocours 500 feet belew
the Lou. Sheﬁﬁ beds cuterc) in twe very poor, deeply weathered
exgposures,

The lower sendstone beds contain & very few poorly
preserved, limonitic caste of wolluscsn fossils., The cccurence
of these fossils in sdditien %o the Herine dlstoms and redice
iarie indicate s marine origin for the lower ssndetone beds of
the Larkley formation,

The lower iarkley seadstons rests with sppurent conforme
ity upen the Nortonville Shele at the type seotion in Harkley
Canyon, & v&&# ef the i@#ﬁr Yerkley sandstone beds, looking
southenst uﬁséti the former site of the old ceal mining village
¢f Sommersville is shown om Figure 1, th&t’&@ Hote the
apparent northesst dip of these bede., The Fortonville Shale
is exposed im the gullies slong the west central edge of the
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picture,

The upper portion of the lower Harkley saudestone grades
upward into the very dark, msssive, sendy, basal shale called
the Jidney ehale member, The lowsr 300 feet of the Gidmey
shele is characterized by dark srgillasecus, mussive shale
containing en sbundence of sarbonagecus naterial, Above the
dark, massive shele is spproximately 165 feet of iighter
sulorved, much herder shele meking fairly sonepicucus outereps,
Ihe shale of this horizon varies from chocolatesbrown in coler
te alwost pure white, Jome of the layers, sspeeinlly nsar the
buse sre vather \mw snd messive, Higher up they sre thinner
bedded m& in pluces form & typical paper shale, Harine
distoms are tmt in the lower beds, the genus CORCINODIBCUS
being the dominate genus, Impressions of leaves end rushen are
rother common im upper part of this shele member. Diastoms are
conspicucus by their absense, The charaeter of the shale in
the nﬁpﬂ portion of the horison just described is shown in
Figure &, Plate 1, ¥ote the m&xl feult shown in the lower
pert of ihe pioture, The light colored shales grade upward
inte cerbenscecus shale with alternating layers of mediume
grained micagecus grey te ysllowish brown ssndetens end thin
beds of light snd derk oclored shale, Toward the top of the
fidney shele member, the sendstones end sandy m:t& become
more grominent, The beds of shale vary from & few inches to
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soveral feet im thickuoess; some layoere are white and fairly
herd, scme are black, while others are reddish broen im coler,
Leaf impressions end carbonised material are shundant in these
beds, The totel Ma%&“’ of the Zidney ehale is approximately
1100 feet in YMarkley camycm.

The presence of Varine distoms and redielaeris indicate
& wmarine erigin Tor the Didney shule member of the Ferkley
formstion, The Sidney shsle is gemerclly known by mieros
wﬁwt&&mﬂaﬁ ag the type leeality of Laiming's A«l zone,
charsctorizged by the presence of Plectofondicularis jenkimsi.

The upper part of the Sidney shale gruades late massive,
lighte=buff=tan micucecus sundsione almost ideationl in character
to that of the lower Nsrkley saundstone, Interastratified with
this ssndstone are thin beds verying from & few inches o &
feot in thicknees, and composed of light and derk ﬁ#‘iwﬁ!ﬁ;
thinly bedded, elmost paper shale, similar to the shule which
is charsoterietic of the middle #ﬁ#ﬁﬁ& of the Zidney shele
member, These sandstone beds with mimor swounts of shule are
approximately 250 feet thick in Merkley ssnyom where they are
terminated by & well developed angulsr unconformity. In
rirpker csayou, to¢ the northesest, the upper larkley ssudetone
peds are spproximately 500 feet thick, Pigure 3, Plate &
shows the unconfermable releticme betwesa the Wirker
(0ligocene) and the uaderlying ¥urkley formation, The
boulders &t the base of the Firker formstion were derived
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PLATE 11
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from the underlying ¥arkley sandstone beds,

Tetrography of the Markley Formation

Yhe meguscopic dsseription of the sumples taken from
the upyer wnd lower sandstons divisions of the Harkley forme
ation, ere in every oase, almost idestisal, The samples are
medius to fineegreined, buffecclored, limenitic stained,
migsceous, sundstone, loosely te moderstely~cemented with
limonite and esloite, (uarts constitutes 90 per cent of the
visible mimerals im the hand specimen, The soccessory minerals
that ers resdily recognised are muscovite, bictite, snd horne
blende, The muscovite ccours im large f{lskes 2 t¢ 4 mm, in
dismeter, and characteriszed the Varkley formation throughout
¥orthern Culliformie, |

The microscepic study of the grains ,175-.088 mm. in
diameter, reveal that guarts conetlitutes 90 per cent of the
1ight minerals (3p. G. less than 2,90), wusccvite 6 per cent,
albite (AbPeinl), micrecline and orthoclass 2 per cent,
guleite, limonite and chlorite the remsinder, Hoest of the
4uerts present is characteriszed by many clesr sngulsr fregments
with inclusions of apetite, rutile amd te & lesser extent

silimonite, Other quarts greins are cloudy and nearly opsgue
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due to earboenacecus inclusiocne, Yany of the muscovite flsakes,
slbite, orthoclsse, and microcline fregments cintaln inelusicns
of spatite snd chlerite, The slbite fregments sre slightly
sliered to serioite, The orthoclase und micrceline sre sliered
ksolin asnd are generslly more altered then ithe slbite.

The hesvy minersl suite of the Herkley formation
gonteins & large number of mimerel spescies. Ia the upper part
ot the formetion, wathophylliite constitutes 80 percont of the
heevy minersls present, The porcenisge of this mineral dee
creases in the lower beds snd finslly drops te 2ero ot the
base of the formation, Hornblende represents 10 percent ef
the heavy ﬁiﬁ&@#ii in the upper beds, drops to less then 2
percent im the lower baeds, Oarnet sad zireon represent 5 pere
cent of the hesvy mineral sesswblege iln the upper bods, but
increases to 30 perceal inm the lower beds., Piotite sud
chlorite censtitute 50 perceat of the hesvy mincrals with
vourmsline, aotinolite, magnatite, ilmemite, kyenite, titonite,
limonite and leucoxime meking up the remsinder. Two verieties
ef herablende ﬁéﬁ present in the Hurkley formetion., The typs
most common in the upyer beds is plecchorie im light green to
brown, with an extinction wngle of 23 degrees, Ihe second
type ie more common in the lower beds and is pleccheric iam
1ight green to yellow green with en extinetion sagle of 18
degrees, The sircon present ile the eclorless, normsl Glﬁﬁﬁﬁﬁﬁi‘

grispetic variety, commonly incindiug apstite, Yellewsorange
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taugﬁ&l&nu is present im very swall smcunts im the upper
darkley ssndstone beds but inmcpesses in percentege in the
lower beds, Hagnetite and ilmenite are preseut in about the
sule perventage throughout the fermaticn and they are partislly
sltered to limonite ead leucoxine, The biotite present in the
Barkiey formation is lurgely altered to chlorite,
Heguscopically the sendstons samples of the Cldney
ghale member Asffer from the lewer anc upper Harkley menmbers,
in that the former are finer grained, snd ere cherscierised
by eslterpeting demds of light end derker groy, leyers, The
viseble minersl compesitiom is epprogimetely the swme, Hicre-
seopieelly the minersl compoeition end percentsge sre nearly
identicsl for the three divisions of the Varkley formstion.
The qusrsz in the sundatone of the Sidney shuls member is
eharacterized by the high percentage of sn imeluded elaye-like
meterisl, rendering the greins nearly opague, 4Albltle (4ib0-dnl)
gad mierociine show grester sliersticn to sericite and kuolin
then do the seme minersls of the other divisions of the Harkley
foruations., The neavy minersl sssemblage of the Uidney sende
@aicne kﬁ&# differ grestly from thoee of the other two divisicne
of the Werkley fermation, Anthophyllite, hernbleads, Kyanite,
eotinelite, sud titanite are wbsent, iasgnotite, illmenite, and
pyrite cunstituts 70 percent of the heavy minersls present,
Biotite, sircon, garnet and small swounts of tourmaline cone

stitutes the remsinder of the heavy mineral sssenblage. The
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prrite ls sesondary in origin and coats quuris and other
minerals, Magnetite and ilmenite sre amltered on the surfece
to limonite sud leucoxineg the blotite ie almost completely
witered to ehlerite, Some of the quarts, hornblends, mica,
gorvel and zireom coour erQﬁﬁaﬁiv in the eubedrsl orystaline
shapes,

ALYl of the minersl fragments of the Markley formaticn
ere charaecterized by very angular snd sherp shepes, Neo frosted
greins were ovserved im any of the sumples, thus indiceting
that tue sediment had not peen transperted great distauces cr
reworked from pre-existing sedimentary rocke,

Pigure 4, Tlate 3 is & photomierograph of the light
winoeral essemblage from the Warkley ssnd stone beds, Note the
shery anguler fragments of gquarts snd the cleur unaltered
albite in contrast to the altersd micrecline snd orthoclase
fregments, The hesvy mizersls of the ﬁa&ki&y formation are
shown on Plate 3, Figure 5§, Yote the sngularity of the
anthophyllits and hornblende, A photomieregreph of the heavy
winegrals of the Sidney sandstone sppear on Jlute 4, Pigure 6,
The heavy minersl suite of the Sidney swndsione conlalus
sonsiderably more opague grains than the Markley sandstone
beds,

“he pecumulation grede size curves for the Narkley
formaticn are shown on Plate $, It ie evident from the ailudy
of the grade size curves thet the Markley formation is very
uniformiy sorted from top o bottom,




-
[

eavy minersals of the
plane light 20.5

"PLATE TIII



RS

era

1

mir




.
 NORTONVILLE oHALE

d o loeated

towne of ﬁﬁﬁmﬁlit and %ﬂﬂ?ﬁﬁilh :t is Kﬁﬁﬂﬁ%&%ﬁi}'
70C feet thick and counsiets of museive, fmﬂlﬁt&kﬂm elay
Bhale, intervedded ﬂtﬁ m:mﬁ sad mér Qiﬁy ahﬂ&f The

basul beds of the agm;mua mit rest ﬁit& spparent conm
formity upon the ﬁwu bads of the lomingine formetion, i‘ka
relationshlp of the contact of the Nortonville Thule snd the
omsngine formaticn 1s shown om Plete 6, Figure 7. The ploture
was taken lovking esst, in & gully west of the former villege
of Commersville. lhe }.#wtx 150 feet of the Nortouville Shele
Gensiate of fossiliferous, massive, chocolate-brown shels,
weathering in & concretionsry manner, with the westhersd
surfeces lightegrey in color, and with limonite, The shale
of this horizon is badly jointed and the Joint pleanes srs
coated with limonite, wnd im places crusted wiih small gypeum
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orystals, lergs, authigenie, generslly twined gyﬁaw& orystals
oceur seattersd throughout this horizoenm,

Stratigraphically sbove the shale Beds just deseribed,
ocours & messive, buff-tan, fine to mediumegreined, uicaceous
nsaﬁsﬁani, This sandsione bed is approximutely 25 fect thiek
und is alaost iﬁﬁ&ﬁiiﬁl to those ﬁaﬁa@f#ﬁg in the lower zand
upper Markley ﬁﬁﬁﬁiﬁﬂﬁ*ﬁ Otratigraphioslly sbove the ssudetone
15 spyroximately 000 feet of w ,*i?a, a#sc#atiﬁﬁnxy wouthored,
fosol liferous, ehﬂaﬂiaﬁamﬁxawa shele, which is ?ﬁ?? similar in
every respect %& the lower shale beds slroady i&i&t&%ﬁé, These
upper shele b&éﬂ are 1@#&13# é;&tﬁrka& by smell ﬁiﬁﬁ%’?ﬁﬁiﬁia

@&g surfaces af%sa ﬁaau‘aiiaﬁaaaiégtg end are sometimos conted

‘witﬁ limonite &ua gypeum, Large eubedrsl, oftea twinned

erystals of ””‘[1 ﬁlﬁ# ogour frequently %h@tﬁgk thaaafgfit
The upger DO feet of the lorsenville ohele coneist ar &1&@%&
n&%&as beds of tii&y, nioucoous, sands tone, sandy Gx&y sh&ii,
end ﬁ&nﬁsl&%#wagaia olay shale, Rusty, seft, 1&&%2&31&% Gohe
oreticns are eaﬁman in the mors sandy h&&&t iu’ﬁka 3@?&&
yar%iﬁa ef this gan& & few poorly 9!«@&#?&&, tkiu:%h&ii#ﬁ,

molluscan foseils have been cellectied,
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Petrogrsphy of the Sandstene Teds im Wertcaville Zhale

- Bamplea of the sendstone veds of the Nertenville shele
cunnct be aepurated %y'asg%iﬁﬁgiﬁ exsminatisn from the lower
and upper Markley sendsions samples, The coler, visable mineral
content, percentege, degree of imdurstion end grode size are
simoet Lfdeatiocel, ﬁisfﬁiééﬁi# gxemination revesls the olose
similerity between the $§ﬁiiﬁi«ﬂ¢$§§$iﬁiﬁa and perventage of
the light &iﬁﬁ&ﬁiﬁ &%ﬁﬁﬁﬁ% i§;§§$ Hortonville sandstone hods
end the overlying Werkley beds, OCuerts coustitutes 30 to 28
per cent of the light ﬁiatr&&s‘ Tt is very similar to the
suts of the Merkley formaticn in that they are

predeminately olear, very sagular, often ineluding aputite,
sutile end in & fow cuses silimanite, Muscovite, slbite
(4bmsnl), orincelaae, and wicroeline make up the remeinder
of the lighte, The fraguents of mioroeline, &@%&ﬁ@&aﬁa‘gaﬁ

¢ elteration

to sericite sad keolin, The heavy minersl suite of the Nortone

 sloile ccoasicnally include epstite snd show olig

ville sandetone, differs somewhat from the hesvy mineral
sssemblage in the lower sud upper Warkley sandetone deds,
Anthophyllite is avsent in the Wortonville samples, Tirqon
end garnet constitute 40 perent of the mineral sasssdlage,
Gictite and chlerite 40 parcent, hornblende 10 pereent, mage
netite, {imenits, kysnite amd tourmaline msking upy the remaine
der. The gernet, sivoen, brotite and teurmsline sre ldentieml
in echeraoter te those desorived in the Yerkley fermation., The
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nerablende present is predeminstely the light green to yollows
green veriety, Hagneiite end limenite sre frequsatly sltered
t&ki&%@aita‘&ngflaueaxiaa‘ %gﬁﬁi%ﬁ is commonly iﬁai&é@ﬁ iv
the garnet, tourms=iine sad to s lesser degree, %1@%2%&»,

The gﬁﬁtﬁ%&ﬁt&ﬁtﬁ%& of the hesvy minersl @&iﬁﬁﬁlﬁgi ef
the ssndstons heds of ta& xér%aawillt shanle ﬁ@g&&%& 6n ﬁxstt ¥
Figure B, Note the large &itaraé;fiﬁkaa~ef altered biotlte.
wnd the swaller fragments of girecn, hornblemds sad garmel.
CGompare Tigure & with ?iﬁ&ﬁat 6 eand ¢ fer saﬁﬁxgrity and minersl
eontsnt,

The §r&§§ size curves fer the ssndstone beds of the
Nortonville shale are shown om Plete 5, From the sxamination
of these curves it is evident that the sandstons beds of the
ﬁa&%ﬁav&&&a shele show practioally the sane sorting end grode
sive w8 the %@&&lﬁy f&#ﬁ&tiana | | |

Basad on close similarities of grade size, sorting,
mineral eaﬁ%aﬁiﬁiﬁa and 9&%@#&%&%& of the upper and lewer
lerkley divisiens to the sundatone beds of the Sidnsy and
Hortouville shele, The writer suggests the name Markley group
to be esplied to these stratigrephic uaite,







' VI

The term Lomengine wes first applied by Clarkld in 1026,
o the foasiliferous beds 'Wu& on the Domengin |
of Coalings, Uslitermis., Clark wue able to separate the Domen
gine feune from the Tejon snd Meganos, on the basis of viologie
a o

differences. Yo found thes enly & fow spocies were GomIe
the thres formssions,

The Domengine formation on the north side ef ¥t, Diadle
s spyroximately 7420 feet thiok, It uncenturmably overlies
divisivm © of the Negunog, or the W. and le contormebly
everlein oy the Hortonville shale, The lower 50 feet of the
formation eonvists of light colored, limenitic stained, coarse
grained, wassive sandstons, with interbedded cobble conglomere
ste. It is wede up of spproximetely 90 percent well rounded,
white to grey quertsite pebbles and 10 percent derkecolored,
well rounded guartsite pebbles, im & metrix of fine to mediume
grained almost white ssndetone, |

Stratigraphicsally abeve the conglomerate and coarse
send of the basul Domengine, are spproximately 50 feet of
thinly bedded, chocolate brown, cerbonsowcus shales, thet m
in pleges very sohy. The sheles westher to o yellowish white
iu color end when fresh give off an oder of ges, This shsele
containe sufficient cerbonscecus meterial sand ges that it will
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burs when plsced im & fire, Interbedded with the choecolate
brown shale ere thin lemticulsr layers of soft, white limone
itic stained, coarse~greined sendstoune, - Hear the top of this
horizon cecurs & four foot bed of cesl, looelly known us the
Black Diamond vein, Above the chocolatesdrown shale ie
sppreximately 150 fest of lightegrey te white, ccarss te
sodiumegrained, cross-bedded ssndatons with minor smounts of
chocolate=brown oarbonscecus shale, Within this horizon are
two cosl beds, ons two end & half foet thiek, sud the other
thres fest thick. They sre leeslly known es the Little vein
and the Clark vein respestively, Overlaying the Clark a&a& |
veian is approximetely 200 feet of #a#%i?ﬁ; white to ;;;a~:}-“
slmost pure quartz sendstone., The white almost pure gquaris
sand 18 locelly ealled the glsss sunds, sad are sorrelated by
c1evk®® with the lone glass sends of the esst side of the Sen
Joaquia velisy. The lowsr more silty sandstone beds of this
herizcn, ¢ontein & high smount of iaea-aaiét iﬁf%&ﬁiﬁ§§~ﬁﬁ
coler the sandsetone & reddishebrown, The !%i*ﬁé?ﬁﬁ
aud the soil derived from thess beds are rusty brows in ooler,
The pressncs of the red-brown sell mekes 1t possible te trace
this sope throughout the formstion, The overlying beds seem

to contain lese snd less iron oxide stratigraphieslly upward,
Clerkl® gonsidered the ivem oxide ae primsry in origim, bssed
on the wide aresl extent of its ocourrence. Later underground

workings in the sand mines of the sroas indiente that the iron
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oxide i@ present ss & cemeating sgent, ccaiing ths sand graine,
retiner thea belng primery greins of irea oxide depoaited with
the sand, 7The writer suggests a scecadary erigin for the iren
cmide, possibly beimg formed by lsaching of the overlying beds
which now ooatain culy & very small perceatags of hesvy
minersle, The ground water level, prior to the uplift may
have veen responsiole ia eonirelling the ccmceantraticn end
sreal extent of this wome. Overlylsg the glass ssude are
spproximately 190 feet of fime to mediumegrained pulfecolored
fossiliferous scndstone, containing dark caloarecus and sie
liceous blue-grey conoreticas with well preserved wolluscan
fessile, I[he seft, bulfesclorsed sandstone containe numercus
poorly pressrved m%& of wolluseun foseile, The fomelil
asvemplage of this mﬂm is very similar to the fauna of the
lomengine &t the type xmuw near Conlings.

mgine formation of the merth side of ¥Mt, Diable
ie of eccnemic importsnce from the stendpeint of the glass im&
deposite, AL the present time there are three mines in oper-

ation, mining the leose slswsi pure queris ssud, This send ie

ased as molding send in the sieel mills sud for the manufaelure
of gless snd ceramic gluses, The three coal layers aemely the

Glerk, Little Vein wnd Bleek Diamond veins wore formerly mined,
but conl mining operations shut dewn in the K4, Disble ares in

the sarly 1900's due to the ¢ost of mining snd the lsck of

markats,




Petrography of the Domengine
Uegasgopically, &2ll of the Tomengine sumples sre fine

o cosrseegreined, light buffeten te slmoet pure white im
coler, seft, loossly compsct, nop-gomented ssndstons. Juarts
soustitutes 986 ﬁaraanﬁ ef the visible minersls present., Wege
netiie wnd Bliotite make up the remeinder,

Hiercecopic exsvination of the light minersl sssemblege
reveals ihai quarts constitutes 92 pereent of the light minerals,
eriicGlase b percent, with ulbite, microclime, and & few pieces
showing slercgrephic intergrout making up the remainder, The
quariz frogments sre very sugulsr and sharp and ¢ften include
epetite end rutile. The slbits and miorealine are slightly
altervd to wericite, and the oriheclase is altersd to ksolin,
The Domengine senples ere charactorized by the %ﬂ&g suall pere
centege of heavy winerals with respsct t¢ the lights, The
with
ineluded apetite, gornet, t@ﬁxﬁuiinﬁ and very small ﬁﬁﬁ&%ﬁ%&‘i
of wegnetite end ilmenite, ALl of ke heavy minerals show the

beavy mineral sulte censiste of smsll) smounte of 2ireo

G choructeristio s those desoribed in the Harkley forme
abivia,

Photomiercgraghs of the hesvy and light minersl ase
senplages of the Domengine formetiion eppssr on Plate 8,
Figure ¥ showe the predemiustely quartsy charsoter sad the

sngularity of the mineral fragments of the Domenglne formation,

The heavy minsrel suite of the lomengine formstion is shown inm
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Pigure 10, the minmersl grains plotured show spproxzimately the
same cherasteristics os the heavy minerals of the other forme

aticns,

The sccumulation grede size curves for the Demeagine
formaticn are plotted em Plate B, The grade-sise curves

show that the beds of the D'omeng
uniferm in sorting snd grode-size as the beds in the Markley

ne formetion sre not as

viI
LITHOLOGY OF THE HEOANO0S FORMATION

The name Yegancs Zroup was first spplied by olerkt®
in 1918 to rocks Tormerly considersd as Tejom im sge. The type
section of the Yegenos is looated cn the nerth side of ¥,
Dlable where it is divided into five lithologic unita,

The Me "
imately 3100 foet thick, rssting unconforamsbly upon the
liartines formation end unconformably below the Domengine,

sencs formation, &t the type seoticn is mpproxe

The lower 50 feet of the Meganos formation is knowm as
division A, It consists of heavy conglomerate and coarse
grained sandstone, The conglomerate 1s msde up of well rounded
poboles of vein qmﬁi, red, green and white chert, white and
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black guartsite, guiess, limestione snd & few angulsr blecks of
&@aﬁu.~um€iﬁn~s§&iﬁaé sendetons filled with upper Cretsceous
(Chico) fossile. The conglomersate is best developed in the
wostern purt of the sres, aand when fﬁii&ﬁﬁé‘&leﬁf the strike teo
the southeast, the ccuglomarste thia# and grades into & gourse
greined sandstone,

Overlying the busal conglomerate of division A, are
spproximately 700 fest of messive, coarse to fine grained, grey
to grey-brown, micacecus, locally orcssebedded sandstonss of
divieion B,

Stratigraphically ebove the meesive sandsiones are the
beasel beds of division C, The lower 70 feet of this division
is cherscteriped by derk slate grey oerbonscecus shule, with
indistinet bedding and westhering in & cencretionary mannsr,
Interbedded with the shele are elengate, csleurscus nodules
&nd thin lenses. Overlying the slate-grey shele is oapprox
iﬁattif 110 feet of fiﬁl to0 coarse greined, iighe tonebuff
eclored, poorly consolidated, ssndstone, Locully this sende
sione beocwes very gritiy sad contains thin ¢lay lesuses sad in
places contelins considerable mrounts of curbonaceous materisl,
Stratigrephicelly above the sandstone just desoribed are
500 feet of dark slste grey, carbonsescus,

eyproxinstely
pedulsr olsy shales. This shele bhus feirly distinet bedding und
weniners in o comcretionary manmer. The shele of this horisen
conteins & few hard bluishegrey, culesrecus nodules and lenses,
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The shale just described is the uppermest litholegic unit of
divieion C,

Overlyling the upyer shales of divieion € are approxie
metely 300 feet of massive, fine to coarseegroined grey,
loosely cemented sandsiones of divisiem I, The bussl bods of
tiis unlt ere complexly orossededded, fine gruined, mussive,
uncemented sendstone which i@ brokenm by twoe or three pere
sistent ome foot beds of white oF bluish grey shale, The
complex orossebedding in the lower portiva of this horizon
suggests possible nesr shore eolisn conditions sxisting at the
time of deposition, The ssndetone beds of the middle part of
this herison sre medium grsined, massive, yellowebrown teo grey
in color often cross-bedded, contmining large llakes of biolite
mice snd three ineh rusty comcreticms, Looally there &%v&gxw
casts of fossile, probubly marine mollusks, The upper améw B
stone beds of this horizon sre mussive medium-grained, grey to
ten-brown in coler, often greading laterslly inte at%iylﬁm‘
The upper ssudstone beds of this horizon coutsin hard lenses
and reefs of eculoursous, fossilifercus mudstone, Almost all of
the molluscen fossils deseribed by Clerk!4 were colleoted from
localities along the reefs im the upper portion of division D,

Overliying divigion D sre spproximetely 1500 fect of
clay shales and ssndstone, The lower part of this horizonm is
composed of fine grained, messive silty, poorly indureted,
bulff-golored sandstone, The upper periticn of this horizon is
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predominetely mediumegrey, usssive, deeply weathered, olay
shale with mimor smounte of soft, eilily, sendsione, e
westhered surfaces of the oluy shale are iigb%my in celor
«nd sre looslly staimed with limemite, The exposures of this
division are very poor aud in most ceses desply weathered and
covered with vegetstion, The besel conglomerate of the Domene
gine formation overlays the upper Negenos division E,

Petrogrephy of the Wegsuos Yormation

The Vegsmos ssudstone is very eimiler, megascopicslly
to the overlying Demengine feruntion k&zfmﬁy deseribved, All of
the Yegsnos samples are ﬁ:so w Gﬁﬁi‘“&ﬁ#&&ﬁﬁ, soft, mwm
lightegrey sandstone., Quarts cenatitutes 85 to 90 percent if
the lights and is yrﬁm&mwu clear, §§M rm%n inelude
apatite, rutile chlorite, iron oxide and carbomnscacus m&wiu
often rendering them mearly epague. Orthocluse mekes up 25
percent in the lewer beds, Wiorecline, sndesine or oligoclese
and muscovite are present in emall yermam'ﬂg The mioroeoline
and plagioelose wre partially altered to sericite,

The percentsge of minersls heavier than bromoform very
from 2.5 to 8 percent throughout the formation., The heavy
minersl sssemblage is coupesed of X pereent green~horablends,
spproximately 30 perceat sircem, 15 percent black tourmsline
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{sohorite), and susll pereentages of tremolite, garnet,
titanite, mognetite, ilmenite, and yeollow-oruage tourmaline
meking up the reseinder, Ilwenite snd ﬁﬁ%ﬂ&%&ﬁﬁ ars scmatines
sltered te limenite and leucexine; tremolits is freguently

sltered to tale, The mimeral fragrents &3 & whole are less

asnguler than those of the Farkley fernution, bul sre more
angular than those of the Hartimes fermation,

Pigures 11 snd 12 on Plats 9 ars §&@%@ﬁ£ﬁ?§g§:@hﬂ of
the minersl fragments conteainmed in the Heganos fermation., The
light mineral sssemblage is shown in Pigure 11, ¥ete tha close
similerity in minersl composition snd sngularity te the light
minersl assemblege shewn in Tigure 4. 7he hesvy mineral suite
of the Hegancs formaticn is shown im Pigure 18, Fote the
grester sbundsncs and veriety of the heavy minorel suite of
the logunes formation.

4 gemparison of the gradeesize curves shown on “late 10
indicate less uniform sorting in the VYeogsnos beds in comtrest
with the Markley formation, but mors uniformly serted sthan the
Domengine and Hartines beds,
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The term Yartinez group wes firet applied by Oebdbl in
1864, to the series ef strats overlying the ohieo{Cretacecus)
formation in the Hartinesm, Celifernis ares,

The Mertiner formetiom on the morth side of Mt, Diable
is spproximately 700 feet thick and consists of five gtratie
graghie unite, The lowermesi or basal unit ccmsists of
appreximétely 50 feet of hard, wellwconsclidsted, dark-brown,
fogsiliforous conglomerate, mede up of well rounded pebbles
end eobbles of red, green, brown, and yellowish white chert,
white vein quarta, derk snd white quartuite, durk bluish grey
limestone nodules snd s few snguler derkebrown slsbs of gritty
ssndetone, sl in & metrix of mediumegreined, gritiy, hard
¢slearsous, mediumedrown ssndstone, Im the vieinity of 01l
Creek this base)l conglomerste contsins the well known lower

Tooene, e galli feuse, The beasl conglomerste of this

worizon uncenformedly overlies the Chice (Cretscacus) shale.
The upper portion of the basal conglomersie grades ##ﬁﬁ%ﬁ into
& very gritty te coarseegralned sandstone contalning rounded
gronules, similer in composition to the pebbles in the come
glomerate,

Overlying the bessl conglomarsic and gritty, coersee

greined ssndetons beds are messive lightebrewn sandy shales
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tﬁt%#h&ﬁﬁﬁﬁ wétﬁ winer swmounts ¢f lentioular, silty, srtww"‘ff;
fine-greined sandsione, This herisen is approximetely 100 feut
tnick and coutsine o well preserved Puleccene nmisrofeuns.

Stratigraghically above the shale horizen are altere
neting beds of &aaaﬁﬁaﬁﬁfﬁiﬁkyﬁiﬁﬁr smountes of shele, approxie
mately 280 feet thick, Uoms of the sandaicne beds of this
norizon when followed sculh eastward along the strike, thicken
and spliv inito several beds, The lewer poriien of this horiszen
is %ﬁﬁ#ﬁ#%ﬁ&iﬁﬁﬁ by soft, buff-tan colored, fineegralmed, none
fossilifercus seudsions, Interbedded between the sandstone
just deseribed apd neat te & wossive sonustone bed ie & feot of
grey-groen bedly westharsd shule, Above tne shale hed 1a &
EB851VE OGOBree~gruiced, gritty, grey-daffeten, limonitic-stained,
sunasLene, Above thie cosrse-greinsd ssndstone is & thin bed of
desply weatnorad soorly exposed, grey-green shuls, The shele
bed is in turn overlain oy o wassive, very gritty, herd, i;ﬁk%u
Lan-brown sendstone, The grits are similar in composition to
the pebbles in the busel coaglomerste, The upper sandsione deds
of this horizem are generslly {ineregrained, ususlly herder, and
durker in pelor thun the sandeione bede of the lower portion of
the norizon, The upper Vineregrained sendeione beds contain the
middle Hartines, Lrochocysthus sittlei fauncl wone,

Overlying the ssndstone horison jusi described nre
sppreximately 300 feet of maseive merine grey-gresn foselili-
fervus, sandy shele, with imdistinet bedding wad westhering
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in & coneretionary menner. This shale 1s exposed in the
western pert of the ares where it is overlein unconformebly
by the Yegenos bassl conglemerate, Ilsewhere the exposures
are very pooy and deeply westhered, Throughout most of the
ares the shals beds are covered by & thiek mantle of seil and
sdobe, | |

The light minersl aseemblage of the Vartinez formation

consists of B0 percent gquerts, 6 perccnt gypsum snd czledte,

% percent slbite~oligocluse and epproximately 1 percent musco-
vite, The guarts fregments ere made up of both e¢lear and
opague greins showing wore rounduness than in other formetions,
spatite is very commonly ineluded with the quurtz fragments.
Caleite m gypoulm sre both suthigesic in origin, mmmamf
slbite und oligoolase sre usually badly sltered to sericite
and keolin,

The heavy minersl suite of the Mertines formation
coneiste of 40 percent y&l&Mm& tourmeline, 30 porcent
siveon with included apatite, percent gernet, megnetite,
iimenite, biotite, chlorite, snd leucoxine, meking up the ree
msinder, All the minersls present in the hesvy minersl asseme
blege are similer to those alrosdy desoribed. 7The minerasl |
frogments of the martines formation show less sngulerity snd
Gore roundness thun 40 the minerals of the other Yocene forme
ations, A few of the zircons sre smooth and frosted indicating
that they are probably reworked from an earlier oyele of
deposition,
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The mineral glauconite has been reported as & charscters
istic wmineral of certain beds of the Yertines formeiion on the
north side of Mt. Diablo at the type section, and &t cther
loculities throughout Celifornia, xﬁm of kiahﬁ semples collected
from the so oalled glauconitic beds on the morth side of ¥4,
Disble contained the minersl gleuconite.

The acoumuletions grade size curves for the Vertines
fermation are y;ﬂtm on Plate 10. The sﬁﬂmg and grode-sige
of the Hartines beds differ considerably from the overlying
¥egenos formstion, |

?M%ﬂgﬂg&&%ﬁi of the light snd heavy mineral suites
¢f the Yertinez formation are shown on Plate 11, ?igﬁma 135
and 14 respectively. Note the sngulurity and the similerity
of minernl content im both the light and heavy minerel ase
semblages of m Eartines to the other Yccene formaticns,
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IDENTIFYING CHARACTTR!

The Fecene formations cm the nerth side of ¥t, Disble
muy be separeted on the besis of minersl content eand lithology.
The presence of largs flukes of suscovite mice distinguleh the
Unrkley group fym the other Fogeue formations on the north
side of Et, Dieblo, snd in other Tocene localities in central
Celiforais, The upper end lewer Narkley saudatons unlits may
be seperated from the Bidney sud Yortonville members by the
presence ¢f snthophyllite, This mimersl is were domiment in
the upser portion of the formation then im the lower,

The Domengine formation is characterised by the lack
of puscovite mics, the very small percentage of heavy nzmﬂxx
wad by 1ts diotimetive lithology. Pragnents showing mioroe
greghlie intergrowth of quaris snd ﬁi&w&r%w found amy in
the lomengins formation., MNowever the presence or absence of
the miorograpnie inter

growthi cenuot be used to ideatily the
formation,

The ¥egsncs snd Domengine formailons ere very similar
in beth lithology and mineral content, but differ greatly inm

the percentsge of hesvy minersls, The Domengiae formation

containg .5 to £ percent heavy minerals is conirast to the
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5 te & percent contuined in the Megenos Tormation., IHorablende
and tremolite are present in the Hegsnos formation but are
abasent 'im the Domeugine beds, The lowur Heganos beds are
characterized by the presence of lurge flukes of biotite mics,
The Mertines formetion is readily reccgniszed from other
levene formetions by ite distimotive iithology. The minersl
asgenblege wnd percentage of the Nertines formation is similer
to the overlying fermations, Omell, welle-rounded frosted
greine of chert aud sireon are feirly commen throughout the
Lertines fermetion, but wers not scen in the Domengine or

Legenos formaticns, The mimersl {ragweats of the Martines
formation ere gemerally more rounded and show more wesr than
do the fregments of the other Tocens formations. Some of the
bede of the Hartines formation in other lecalities of Celie
fornia are charseterized by the presence of the mimersel
glauconite. This minersl wes not fawé‘ in any of the :mgzu
collscted on the north side of W, Diable,

Source of Jedimeouis

The source of the sediment that constitutes the Focene
formstions on the uorth side of Mt, Diablo has beon = subject
for discussion for & number of years, It ie generslly
recognised by mest Californis geclogists, that the sediments
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were derived from & lsndmass lecated to the west of i, Diable,

clarkl? in disoussing the character of the Yarkley
formation states, "The arkouio character together with the
great sbundence of mica appareatly shows that these sodiments
were deprived in part divestly from igneous rocks.” The aeu=
hedral shapes of the minerals and the angulsrity of the frage
ments in the Markley formation definitely lndieate that the
sediment was net trensperted & great distunee, The only source
of igneous or metumorphie reck locuted to the west of Ht,
Disble, are west of the fan Andress fault, in the fur Series,
Tus sediments belag derived Trom this landmsss would heve o be
transported by stresms 40 to D0 miles te the dueln of deposition.
it i very doubtful if the hornblende wnd the feldspars of the
darikley formation could heve survived the trip and 8till meine
%!#imé the possessed sngularity. The pressuce of mmﬁrmiﬂ
and “ysmite defimitely imdicate that the Merkley formation was
ot derived from sn igneous lsndmess but more probably from
rogks of mmma origin,

The Sierrs Yeveds mountsing to the eust contain metae
morghic rocks from which the sediments cculd have been derived,
The distence of the landuass from the basin of deposition may
agein be the objectionable factior,

A third poesibility for ithe source of the material is
from whe Ureat Valley Orinite~like meass now burisd Lbeneath the
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sliuviuwes in thoe San Josquin Velley esst ef ¥t. Dlable. The
dpeint of
ite locution nesr the basin of deposition, but insulficient

pesition of this wass is mere fevorable from the otuldp

kuowledge of the character of this muss renders it szaﬂﬁié‘mmm
Based upvn the similurities of the mimersl conient, the

gruce sisge snd the shgularliiy of the sodimentis making up the
Markley Domengine end Wegenos formutions, the writer Delisves
thet ell three formaticne were derived from the seme lendusse,
A possible motamorphic origin is i’:‘sﬁi gated prescace of tremo=
ilite in the sadiments of the Neguuos formatiocn. The heavy,
dark colored mimersls of the Domengine formation usy have been
rewoved by weuthering prior ito depositien,

| Clark®® in discussing the Jegsuos formeticn stutes,
"hgparenily, the degunos ﬂﬁiﬂ#ﬁﬁ were derived {rom plutenie,
Frunciscion snd Chice aress, The basal conglomerate indiostes
Besrby Chico end Orenciseion seurce and probably & more distent
grenitic source rock. The more sbundent larger sngular jobbles
are in the western portion ¢f the line of cutercp suggeating a
.western site for the sree of srosion. The yrineiple source
rock for the Wegunos sediments seeme to have been srmﬁa, The
abundence of feldspsrs, bictite and hormblends, the unrounded
characters of the minor scoeescries, asnd the cowrseness of
grain, sometimes greater than thet of the underiyiag Chice, all
point o & 9#@&&&1&%1@ direct crigin the plutonic socures rock.
Theti the derivetion wss not indireet, vie the Frasnciscion, ie
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further indicated by mimsrslogic distinetions, The Meganvs
sandstons aeﬁ&im shundant herablende, whieh is only vecasione
ally eean in the Feaaclisoon sandetons and L@ rere er miseing in
other Franoiasonn rocks. Turiher nere, the ’?ﬁ*ﬁﬁ@i@ﬂﬁ sondstone
s in potash

is at leadt somotimes higher im sode~line &
feldapar,

The Chice formetion on the norih side of ¥%, Disblo and
in the mwngi aree le ocoupoeed of pereent ﬁh&;a wnd 10
ysroent sendstone, The saudstone is fine to medium greined,
silty end dsrk browa im sclor, All of the Chico sundutoue bede
studied by the suthor are Timer grained than the Negunvs sedie
mﬁ, snd therefore con be ¢liminated se & sourcs for the
Legenee sedimente,

The sediments making up the Murtines formutiom bear
¢loss resemblance to the mimeril content and grede size to the
Chice snd Prencisean #ﬁa&wmm Hany of the frags
considerable wesr and indicets o possibility of & second oyole
of orosion snd depesition., The bassl ccaglomerate beds end the
griv of some of the saadstons beds sre wade up of mx msmu
fregmente of chert, limestons sad queritasite that are charscters

nts show

i8tio of Chice and Frenciscan formaticns, The preseace of
similar meterial composing the grit and pebdbles in the Vesal
conglomerate, suggest thet the Chico snd possibly the Trancisean
furmations sontributed sediment to the Tocene busin during

sertines time,




i, The &iumay; Mwm@ and Hegenos formsiion were
derived from t&m pame it

2. The sediments were derived from rocks of mete-
worphic origin,

3. 7The sedimenis were derived from u landmass near the
basin of a&wﬁt&sm

4, The scurce of materiul muy have come from the
greaite-like imxm;t now buried beneath the 3an Joaguin Velley,

5, The W%&a& formation wes in part derived from
Chice and i’#miﬁm recks,

STR

For seversl yeurs the structure of ¥i, Diamble has been
the subject of & grest desl of discussion and comment among
Califoraia geologists, The first desoription of the struscture
of ¥t, Disble wes mede by Clarkl® im 1984, WHe deseribed the
structural relations of the Tertiary formations ss exposed
members of the eastern limb of & major, Mﬁﬂ; northweste
southesst trending anticline, After consideruble study in the
¥t, Diwble area snd cther loealities throughout Californis
Clerk advenced the Sdﬂ» of & complex system ¢f low-angle
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overthrust faulte., The problems involved in the recognition
and mechanism of the lowesnjle thrust faulting wes disoussed in
soveral papers by Clark end others, At the preseat time thwa
are seversl mejer northvest-scutheast trending thrust fsults
recoguised in Centrsl ﬁs&tﬁmﬁﬁ

The ¥i, Disblo thrust feult lies on the west side of
it, Diable snd is responsible for much ¢f the siructural comtrol
in that area, The ?mnié sud Cretacecus rooks now exposed on
K%, Diable were formerly buried beneath the Terilary streata of
the San Jeaguin Velley.

Late in the Pliccene, the Jursssic snd younger rocks
were faulted end shoved up westward at & steep engle oanie the
Tertiery formations, The Tertiary formations on the northesst
were dragged upward with the overthrust mass,

The faults shows on the areal map, Plate 12, wre
thrust faults and normal adjustment faults, closely
usscocisted with the major ¥t. Disble fault system,

The strike of the Tertisry rocke om the ncrth uéﬁ #!‘
¥t, Diable vary frem N 46% W to sast-west, with en average dip
of 369 to tho northeast. In the vieinity of 01l Creek the
Martines formation strikes N 89° ¥, aad dips 45° to the northe
esst. Ferthor to the south the strike swings ¥ 75° ¥, with &
4lp of 550 te the morthesst. The overlying Megunos formetien
strikes § 45° ¥ to ¥ 70° ¥ snd dips 33° to 4I° to the northesst,




The aifference in strike end d4ip are due vo the unconformable
relations of the twe formetioms. The beds of the M%a&

forsetion 1n the southern part of the srea strike ¥ 50%70° ¥
and dip 20° to UL to the wa‘mte in the nortnern part of

the eres, the Domengine formation sppesrs te have the ssme dip

and strike u the overlying Merkley grcup., Nerthwest of
Hortonville the Lower Jerkley saandstone atrikes ¥ 78° ¥ end
dips 35° morthesst, In Markley Canyon the lower sandstcne
bods strike ¥ 68° ¥ and dip 43° te the morthesst., The Upper
Harkley suade tone beds strike ¥ %&* ¥ and dip 59° to the northe

sast,
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