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Investigatiqﬁa of the Geology of the Noduler Shale
ware carried on wnder the ausﬂicos of the Standerd 0il Company of
Celifornia, Attempts were wade to arrive at seme corolusions with re-
gerd to the origin of the Nodulur Chele, and its relationship teo the
origin of "etroleum that oocurs below it in several {ields of the

“est Los Angeles Basin.

The Nedular Ziale is Uiddlo Yioeenc &n age in the eouth-
ern part of the ‘est Los Angeles Ba&in, and Upper klocene in the Northe
ern part. iy s suggested thet the Nodular wes laid dowm in sces tranew
greesing from south to north, snd that an ancestral Sanie 'loniea %aﬁn~
tains formed e barrier to this trunsgreseing sea, as evidenced by the
heavy mincral content of the Noduler Shales The Hodular “heale is folded
in the erees of the 011 Flelds in which it ocours, end this folding is
thought to have affooted tho Sehist surface as well., It has also been

affected by faulting,

The Wodular ihale 1s considered +to hove besn the source
beds for most of the petroleur in tho reservoir roeks that lie helow

it 4in the Playe Del Rey and ¥1 Sepurdo 01l Fields.



Jeveral areac aro oonsidered to he fuvorsble locations
for new netroleun discoveriec in the region studied.

It §s poseiblo {hat the Wurrey-Reynard theory for the
deposition of phosphatic nodules, ie avplicadle Lo the oonditions thet
prevailed 4n the “est Los “npcles Basin ares, anl thet the nodules of the
Zodﬁlar “hele are the result of scasonal variations of tempersiurs in
the lodular ses, with & conseguent periedie dying off of large nortions

of +e faunA thot 4Amhabited the seas of thot tire,
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IX¥PRODUCTTION

Qg{gosa:

The investiguatien of the Nadular 8hnle of the Hiddle
apd Upper ¥ioccene of the Los ‘ugeles Basin wes undertaken nt the
sugrestion of the Standard 01l Cenmpany of Celiformis, whose fellowe
ship, She auther held at the Californis Institute of Technology during
the sosdemic year 1941+1942., The purpose of the iuvestipatien wes te
try JEh detormine the origin and ~ode af formatién of the Yeduler
dhale, 4ts palacogeopravhic sipnificence, and the relation 4% beers
Iﬁe the petroleum thet ooocurs below 4t in the Playe dol Fey, F1 “egunde

and Ingleweod 011 Flelds ef the .ozt pertion of the Los inpelec Besin,

Aron cevered:

The Nedular Shale was studied in pertieuluar frem cores
otteined frem the Flaya Del Rey, Il Jogumde, Terrunce and " ilmimgten

031 Flelds whose lecction aprerrs on the Index Yap, Firure 1.

The nerthern bourdary of the area was arbitrarily talken
as the north side of the Santa &cnica ¥osunteins, though the Nodﬁlnr
Shale hes not been fousd en the north flenk of the mountains., The
southern limit iz the south shore of the Yelos Verdes !ills wh re the

Noduler Shale is reportsd from st least three loocalitites,

Hetheds of Study:

tost of the studios were peorformed on serm:les ohtained

from cores in the several fislds of the mrea in which the Nedular
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Shele has been cored. The relztions of the Nedular Shale to the
Lohist Lusement reoescived particular attontion in the hone of estalw
lishing the topography upon vhich the Nedular Sheie was denosited,
corples ebteined from the wells showm in Fig., 1, were oxamined for
hepvy rineral eontent, for the purposs ef obtaining informetion rogurding
the type and loestion of scurce rocks that previded the sddiuvents for
the Neduler Shala. Some samples wore alse examined epectroscoplically
for the murpese of obtaining the distribution of such elemenis as
hosphorus, of whicl there is n obundent amount in the Nedulsr Ghale,
and such elements as Lickel, ?anadium; Corper, Chromiur and Xolybdemum
which have bLeen suspected as ueting as catalysisis in oil formution

(e.g; Coster, 1941}0

In plotting the mape, whérpever posaible, electrical lors
wore used for the identilication of the Schiet Conglemerate and
Foduler Chele, Unfortunately eleciric loge are very scarce for the
Plaﬁu Del Rey ares, ond es e result, the fipures for the dep hs of the
Cohist, Congiumerate and Yodvlsr Shule aro not s acourate as in kthe StE
arecs. In Playa Del Hey, the depilic vere taken fram core descriptions.
It 1s estimated by “issler (oral comcuniestion) that the Schish depths

in “laye Dol Rey ere geod teo only plus or rimus 20 feet.

Vape used:

The basement outcrops, together with the outline map
of the Weet Los Angzeles Basin chown in Fig. 1, was taken directly
from Tckis, (1934); oil fields, oil welle.and iodular Shale sutorops

were placed on it, and the whole wae roduced to its pressnt size.



The mep of the Sohist hasement wne drawm on o bage wap
with & seele of 4000 feot to the inmeh, traced and then redused. The
maps of the X1 Segumde and Playa Del Rey 011 fields were drawn on oubte
liney rmops te the scales of 500 apd 400 feet to the inch, and them

roduced phetostatioally te their present soale.
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af sone recent nhoophubie nodules and vermiticd the reoxding of an
unpublished manuseript (Tlotr, 1842) en thess reeent ned:iles dredeod

from of £ the eosst of itouthern Culifernis,



STR:TIGAPPHIC RELATIONSHICS OF THE HODULAR $1E

General StAytgraphy of the Yest los inpeles Basin:

The sadimentary racks of the ‘est Los Angeles Basin are of
¥iocene, “licceme and Floictocene age. (See Vissler, 1941, for u come
plete desoription), The oldest imown reoks beleng to the flddle amd
Toper Hiovene,

The lowest portion of the sedimentary ssstion wms dopesited
on sn old surfaoe, hers reforred to u"'.t‘ho Sehlst Sasement?!, which
consists of metemorphic rooks, cuestisnably reforred to the Mransisean
(Juryssic). Tortions of the busement outersp in the Santa Monisa Youne
tasns end iIn the Palos Verdes Nilles (-ee Fig. 1) Seations o it have
been eored from "lays Del Rey, ¥l Segundo, Terrance, “ilmington amd
Domingues 041 fields,

Overlylng the Schist Pasement is & Sehist Conglomorste

and send member, which in the northern portion AL fts extent is of
Upper Higeene ige (Corey, 1938). . To the south, in the Palos Verdes
Hills, 4t 1s Middle Miooeme !:n age (Kleinpell, 1938), end in the
¥ilmington 0i1 Fleld, it is overlain by rooks of #iddle llocene age)
so that, thore, it is at least "Mddle Mioeeue in axe as wells the
“ohist Conglamerate §s absent lecally over the erssts of the "laya

Dol Rey snd E1 Segundo strustures,

The Sehdst coug,lmemto 18 overluin throughout the rege
4on by the Nedular Shale, The Kednler Shals 18 dsrk in coler and 4s
oharacterised by the development of lerpe pnosphaiic noduless It has

been assigned 50 the Upper Uiceene (Nuhnjen Ctege, %issler, 11) in



its northeran portion, but te the south, in the " ilmington OAl Fileld,
43d1e Yeeone Foraminifers have beon found in the levwer nulf of the

wodular Chale (Goudkeff, oral somunication).

In the Inglewood 011 Field, the Nedular Shele has heen
found te everlie @F tuffs and sendstonoes. (‘issler, 1941) ef 'iddle

Tiocene age.

Fige 2, attempte to sheow dlagrametically, but te no
sozlo, the relatienships of the Nedulsr Chale te the rocks lying below

1t, so far as 4t is knowm,

The lehist Dysemonts

Cores of the Sehist show a varied ocharaoter, hbut gonerally
speaking the rook s a highly altered one, end the development of
.tald preadominetes thoughout most of the sres. Petrogravhienlly the
Schist has heen studied by Wepzonor (1939), he found the so-oalled
diagnostic Franseicin minerals Tewsonite and Glaucovhene to Le presont
in the Schist ns far north as Vonice. These minerals are alse prosent

in the Yalos Verdes Fille outcron area of the “ohist.

In the Sants Monics Younteins, ts (1931) eoncludes
thet the Sehist there "is the result of metamorphism bv & buried tody
of pranite, which may woll ferm on eustewest underground conuecction

between the widsly separated pranitic masses now exposed” (p. 80).

In the “laym Del ley and ¥1 Tegundo 011 Fields, the



surfoct tor of the Schist shows & wea..erol appearsnse. It is also
franetured in some of the eores. The upper portionsef the lohist in these

fielde oarry oil.

The “chist Conpglomernte:

The Sehist Conglomerste is the term applied to & Qeotiou
of coerse a#ndatones end econglamerntes thot sre found immediately overe
lying the Schist in the Playe Del Rey, Tl Segunde, Torranee end "1le
mington 041 Ficlde. In the Santa ionloe MHountains it ocours in several
locclities, and wns naned by Foots (1831) *Bosal Greywroke'’. Tt also
occurs 4n two localities in the Palos Verdes Hills: Point Fermin

(vissler 1841) ei at loocality 13 of Woodring (1936).

The oonglomeratic portieng of the Schist Conglomerate
earries ang. lar fragments of the Sehist. In the Playm Del Rey and
E1 tegunde 0il Fiolds it forms part of the roservolr rock. Ite thicke
ness is irreguler, being absent on the tops of the strueturer of thosze
twe flelds, snd att.ining 2 maximum of 204 feot in the loynlty ‘erviee
1~4 well in southeast Playa Del Rey. {1). In the Tl ‘ogundo end

Terrence areas the thickness of the conglumerste rarely attains

(1) Reeee (oral Cemeumientien) stetes thut even pgreeter thloknesses ware
obtained in other wellg of this pertion of the Playa Del Rey Field.

180 feet.



On the boois of megnfossils, Corey (193€) thought the ape
of the Conglomerate to be Upper %iocoeme. Bewsver, in the “ilmington
aree, the Sohist Conglemerate it overlain by rooks of “1ddl. oesns
sge, and honee must Le at least 'iddle Ulocens in age, in that srea,.
Hollusos from Locality 13 (“oodring, 1988) represent a 'Tembler! fauna

(1} The forms frem this looality, as well as these from Playn Del

(1) Probtably Jiddls Miocene, as indieated in Kieinpell (1938),

Rey repremsent shallow water, i1f{ not littoral conditions,

T:e Sghist Conplomorate is absent fyo~ the creets of tha
"laya Del Rey and Fl Segundo Stméturoa, ae previoualy mentioneds Tn
foot Fetzner (1035) suggests that the Conglomernte may not be eontimuous
around the {lanks of the etr\uéture; a‘:ﬂ thine upwards tomrds the erecte
That is the Conglumerate is not restricted Lo tvalleys' in the schist,
where 1t is the thiokest. The dotted lines on ¥epe 2 end §, indlovte

approximately the -ero line of conglomerate thickness,

The Nodulsr Ehale:

The Nodular Shale 1s the name apnliiod te that portion of
Upper and Uiddle Xlocens rocks of the Western portien of the lLos
sngeles Sasin which carries large pho;phntae nodvles, and whish throughe
out much of its extent is & highly organie black shales It is considerad
by Toota (1981) to be Lower Modelo (Lower Puente of ¥iasler (1941)).

The Nodular Shale i1s knewn te undorlie several fields of

the Los Angeles Basin., They are Playa Del Rey (Terton, 1931; Haots
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1986; Netsmer, 1936 Wissler, 1941}, El Sepundle (Porter, 1838; “issler,
1941), TIuzlowsod, (¥1llis, 19413 .dsaler, 1941), Torrance, (“issler,
1941), Y4lmipgton ("iasler, 1941). 1t is surpocted to mderlie the
Bevorly 0il 74514 (Heetz, 1936), snd the Lawndsle Oil Field. It is
poseible thet Noduler Shale wes cored in the Union 041 Cempany's

deep tost (Colloemdar 79) in the Domingues 011 Fiddd,

| Outerops of the Nedular Shale ere lmown from ot least
three places in the omte Honloa Hounteins (loots, 1931, p. 109)
end ot least three places en the south side of the Palos Verdes iills
(5ee Fig. 1) (Voodring, 1936). Nodular Shele wes oored in the Rolling
Bills Petroleur Company's well in Soc. 27, T45,R16%,, on the north slepe

of the "glos Verdes Tills,

The Nedular Shale ie thought to occur in a modified form
in the Yasteru Uortien of the Los Angeles Basir. vissler (1541) stntes
thet st the Riehfield 01l Field ocoscnsionmal thin layers snd spots of
phosphatic mterial oceur in the lewer pert of the scetion, (p. 222).
The ago of those is‘Lcuer Puente, and 18 thue the equivalent é: the
Hodular shale,

" The Redular Shnle overlies tho Schist snd the Schist Conpe
lomerate in the Plays Del Fey and ¥l legundo Fiolds, in Torrence and
ilminpgton Fields it overlies the Conglomerate, snd 'n the Inglewood

041 Fiold 1t overlics !iiddle Hioeone ssnds and veleanies.

The question es te whether or not there i3 an unconformity

betweon the Uehist Conglomerete ané the YNodular Shale s still being
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debnted. Tioots (1935) stetes on the cae hand that
"The eontaet of this nodulir o4l shale with the
underlying ell-preducing concloverate e irregular,
vary shors, end is mried Dy u soncentratiorn ef
phognhstie nedules. Thesc fenturss, torether with
Canparently atruph irresularisies in tho clowetion
of this eonbact throve out the “lave Del Hey ficld,
sureests that an uneonformity exists ot this
horizon". (. 180). ’
Corey (1936) working oftor th: eonditions in the fi=ld were better lmown,
thougit thet there was no Wiotuz Lotween the dovosition of die “chist
Conzlomcrate and the Yedular "mle. o reperts t'wt 4n sorc erses the

somtnet is gradetionsl bobween the two wulis,

The woduler ‘hels weries iv thickness fro 4 feot to 200
fect on the flacks of the siructure at "leve Del ey, with “ho everare
being 143 feet. TIuleimesses at 1 Sepmdo snd Torrance ure cormarai-le
a8 are thesc ef the ouicres scctions {Voots, 1731y -medring, 1736,
These fisures rrotebly represont very mearly the true thicimessos, oo

in nost instances tho dins recorded in corse-deserlptions do not run over

1: degreos (1), and divs of the sarnles obtaincd were all vory low.

(1) Dip recordings wore very scoree in most of the descri~tiore oxemined,

"
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- DETLILID DFICAINPION OF TR NODULAR SYALE w

feneral Statoment &nd Provieus “ork:

The Hodular Shale is well eowpscted, snd ean be considered
2 true shale. It appearc te be slightly mere fime-grained iz the

"lnys Del Rey and Fl Sepundo Flelds, than in the Terranee Nil Fleld.

The gutstending feature of the Noduler Shale is the develops=
ment within it of large phosphetie nodules, consisting of onlolur phosphate.
The lergest sroe bt Tlaya Del Rey vhere they attain dlametere of twe
inchess The nmodules im the U1 ‘ezundo, Terramce and ¥ilmington sections
are steller, boing sbout ene imch in dismetor, The nodules eppesr Lo
be thin in their wertienl di@s&m, being' not over‘ one half ineh thiek,
Their lomp axié 18 parsllel to the bedding of the shale in which they
are entefibed.

Complete thinesogtion descriptiens of the Tedulur “hale are
gAven by Bradley in Beots, (1035, pp. 190-194)., C(uarts seoms te be the
moin constituent of the shale, bub ocsllephans i: also abundant. Mueh
orgenic matter was noted in the sectloms; It is Interssting to note
the altornstion of orgenis peor and ergenic-rich layers that a‘.én cleparly

vigible in the thinwseetions.

within the sections of ine Nodular Thele studied, there are
fumersus streaks of bentonite, FSand streake are slge prusent buc &re
scurce in the Plays Del Rey section., They ineressa in wmuarbers %o the

sonth.
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Aecessory Hinerals of the Noduler Shale:

“hile the main constituents of the shale sppear to be
quarts and collephane, disagrregution of sarples of the rock showed
the presence ef glauconite, n minorsl frequently assesiated with

phosphatio depesite (e. g. Goldman,1922).

Heevy mineral Contemb:

Heavy minsral separations were mmde frem e series of ssmplse
gsleotsd frem Plays Del Rey, ¥l Segunde, Terrsnce snd %ilmingten 01l
Fields, ag indiccted in Fig., 1. Send sawples were aleo separated, from
Tilmington and ?’183&' del Rey. The samples were chosen as fsr as posse
ible te 110 in the middlc of ths sectien of sach well, They were cruched
meohanically, bulled in s 2% solutien of Sodium Cerbumete, screened and
then allowed to poal in ocarbontetrsehloride for 84 heurs, This latter
treatmont exiracted most of ths petraleum e_anuinod in the semple.

Separations wers mude in bromeferm.

The sepsrations yielded falr crops ef heavy minersals, dbut
in moert there were not enouriw grains to treat statistioally, »,, The
minernls found to e prosent wore as follows: gurnet, bet! pink ard celor-
less, ﬂmon, epidote, tourreline, hernblende (green) and miner arounts
of apatite and purple sugite, the latter et Playa Del Rey. E’yrité is
searce in m_mn grains snd prousbly secendary; but ragnetite is abundant,
especinlly in the sends. The mices are very abundaut in the sands, but
apaémodioany developed in shele aas;eplsi. Ko grains e @laucorhaite were

fmmé.



TABLE 1

Results of the semie-quantitative spcotrograephic exarimation
of the Nodular Shale. The nurmbers refer¢ to an arbitrary coeanle
of 1 « 10, in vhich 1 reprosents a small amomnt, snd 10 e
lerge amount, of an eloment., The estirates of the line densitices,
to whieh the numbers refer, are mede visually.
Arens from which sawplesg wore taken

Elememte ave-longth %ilmington Terrence Tl Segundo Plays Del ley
(Density) (Peasity)(Density)  (Demsity)
84lieon 2435.2 8 8 7 4
Phosphorus 8658.4 Trase Irace Tre.ce 3
Alwrdinium 2652.6 8 10 10 5
Magnosium 2779.9 8 ) 9 7
¥olybdenum 8152.6 4 3 3 3
Calelum 31793 10 7 8 10
Vanadiwn 31840 7 8 9 8
Copper 3247.5 7 -] 7 10
Titanium 3378.8 8 9 10 10
Zireoniun 3302.0 1 1 1 1
Nickel | 34i4,.8 é 6 8 10
Potaseivm 3448.6 5 5 & 4
Chromiun 4254.8 10 9 10 9

The following olements are present but not doterminmable
Tellurium
Sediun
Iron :
The following elemonts were presemt threughout tut their
signifioance is not discussed,

Bayriun

Fafnium
Gallimm

Ll

r merely to the spectral line used, and
ement present in the shale.
element in different samplese
to the relative amounts presente

this table refe

the actual amount of any el
hange in any given
d with another as

The demsity values in
have no reference to .
They show only the relative ¢
No one element can be compare
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Compnrison of Neavy '"inorals with those of adjecent srous:

» hie deseription of the Jurasele (?) Granitie rocks

of the Sante Yendes Yeunteins, (Yeota, 1931, p. 89) states:e
"These granitie roclke ure wurieble 1n oharpoter
and censist of lirht-gruy blotite pranite end
derkegrey diorite ond gronediorite, the last
consiating of greo hernblende and blotite,
togetheor with apatitm)zirooﬁ, and gornet in
verying proportions.”

Cogen {1833 and 1936) in studying heavy rinerul zenes of the
odele om the lorth slupc of the Senta Yonien ‘guntains, seems %o have
fourd a very sinilar asserblege of minersls to those found 4n the Nodular
Snwalas  In his repert (1233) Copen staters 5wt tourmelime 3 found in
the "ante Yonioa Slate, The courcesof the sediments studied by hir are

congidered to bLe ig part the Tunia Joniea letes and in purt the Tovenga

sediments thut flank the Besin in whioch he worked.

1t 35 known, (loots 1031), tmat previoﬁa te tha dencsition
of the lodelo, the reeks in the Santa ‘omler "evntains region were
elevated und considerably orodeds IY seems plausible them, that thie
or e ooﬁld have vrovided detrital materianl to Le denosited in o sew

cdvaneiny from the south.

Spectrogranhic Smalysis:

& geriec of sarples of the lodular Chale were anslysed
speotrographionlly. The lée:tlen of the samples are shown in Fige Yo
The gpccﬁrosceﬁe wos used in an atierpt to atteln an tdem of the law
teral vaoriution of the phosphorus contemt of the Neduler Shele throughe

out $te ebent, In the vreporstion of the samples, esre was talen



thut no conteninztion of 418 sanmle oceurred from the nodc’es in the
shrlee Thut is only the true stule vortion of the rock wis burnt in
the instrurent. Table i surmerises tho elements feund and the mumbers
in the column refer to an arbitrory seale of ten, in which the hirter

the ruvbor the greater the anount of that elerent vresent,

The phosphorucs content is extremely lew in the srmpler
frow the L1 Cegunde, Torranes end -~ilmington ereus, but is considersbly

higher in tho ssiple from playn el Rey.

Little work has bosn dome en the vhosphorus conten! of
sediments, and ss such the distribution of the phosphorus in sedirents,
with respect to neafness-to store line, is not ¥newn. Pecent gtudics
by tfrm (1938} and others heve shown, thet in stegnant fiords the phose
phorus sontent &8 P, O 48 sliphtly hirgher (.23%) than the aversge P, 05
content for the 78 shnle sucmples smalysed by Clarke (1924) vhere he
found the average to he .17% Blowpipe tects were mnde on threo
sumplas of nodules from the Tlaye Del Rey srem. The results

shonod a2 small amount of fluorine to he present,

Orggnie‘Centent of the Hoduler “heles

The Feduler Chele from most loonlities in the ares is
very dark in coleur, being tleck in well oores, “hem 1t is crushed
to o finc powder it 12 a chocolute rown due to the free il in it.
The semvles in>the gouthers gart of the basin are lighter in color

then the szmples fram the northern portibn of the arode
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Thoe recest work of Trusk and Patnede ou: the Sourve Bede of
Potroleum (1948), ooutains tables showing the ergarmic eontent of
sedinents from meny difm_ent horiszome in the Loe Angeles Basin., Yhe
- welle in which thoy published inforsstiem regarding the Noduler Shals are
shown in Fig., 1. In their stratigraphy of the Les Sngeles Dasin, the
Heduler Shale ic inocluded in the their Mocone 'Diviéon Df. Then the
results of the snalyses of the lodular Shgle sre examined, it is found that
the erganle sentent of the shele increnses merkedly to the northward,
that is towards Playm Del Rey, vhere ii resches a roximum of 1§67 in
co&o samples, which with one oxeepiion is the hiphest orgerie een~

tent of any shale examined from the lLoe Angeles Besi:.

Provicus work by Traask (1938 Swmery p. 429) .ss indleated
thet "the crgamic eontent of sodiments in the open ocean is much less
then neer shore”, Jie alse points out the several fectors which influ-

moe the deposition and preservation el ergenie metter in sediments,

Submarine topography and supply of organic metter are
the two pringipal factors which seem to be énvolved, The rele of the
au‘ﬁmr&u topogreaphy 4s apparently that of & trap inte whieh the orgenis
matter oan be awept from surrounding layers, and cannot be reamoved, '

n Stfrm (1988) hes drewn attemtion to the large smeunts of
orgnnio matter that have ascurulated in the stegnent basins sf the

Rorveglan Fiords.

I% ehould be stated here that et Playa Del Key espeoially,

the lodular Shale contains larpge quasntities of free oil, Oftem on
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splitiing e oore, amll pockels of ofl arc found, and all semples
heve & petrolifereus oder. Sarples from Playe Del Rey, Fl legundo,
Taerrance snd “ilmington all give a good 'sub' when sosked in cerbon
totratehloride; the noduler fror "laya Del Rey Aiscoler the gurbon tet.

rachlorido.
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STRUCTURE OF THE WEOT LOS ANGELRSZ BASTH

Introduction:

A wep wap pepared of the Fohist Basement of the western
portion of the Los Angeles Basin (Mep 1), in an atterpt to arrive at
sone mtiax} as to the type of surfoce on which the Nedular Shale was
deposited.

Haps of the fshist were also prepsred for the Playa Del Rey
and T1 Segunde Melds (Maps 2 and 3), snd on these are superimposed mpi
of the Nodulor Ehals, te show the correspondanee, or lask of i%, in the
structure on these twe harizons.

- gtruetures af the Hohist Bosements

Folding:i~ The high srens of the Sehist surface cor-
rosponding to.the Playe Del Rey, 51 Segumde, end the Torranse- 'ile
mington arees, were prodably ﬁraduoed by the folding of e relatively
even gurfuce, rather than having been carved out by pre-Sshist Cone
glemsrate erosion. Vaggoner (1239) suggested this possibility for the
origin of the Sehist highs, bubt presents little evidence for it,

It is thought by the author that evidence for this statee
ment osn be found in the Schist Conglemercte and Nodular Smle. In the
Moays Del Rey 011 Field, the relief in the Sehist surfuoe is of the order
of £000 feot (Map 3), while st Fl Segundo it $e 900 feet (vep 2), It
would seem that it mld be impossible for gsediments ae relatively
thin as, and of the ty;;o of the Sohist Conglomernte to blanket so wuch

of these areas, were the relief as greet then as it is new.
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The relief of the (chist surface to-dey between 4he erest
of the high to where the Conglomerate lenses out 4s mr;able. e Mlayn
Del “ev 1t variss from 50 Lo 400 foet, end at Y1 “epundo it isc slightly
less, the meximur belng about 200 fest. This relief, were it present
et the time of lodular depesition should heve caused the Nodular {'mle
to be mmueh thinner on the erosts of the hehist hirhe thon on the flanké

of the highse Lo grest amount of thinning is found.

me further point in faver of the siructursl oricin of the
highe is thot the sub-surfaec ehist area of the " est los "nrelee Pasin
wag probably dry.land during the Lower and nost of the 'iddle iocene,
offering smple opvortunitles Tor the surfece te e eroded to a relutively

flet surfuoe.

One thing particulerly stends out, and thet is thoe different
typce of structures that sear to e present in the “laya Del Tey and
1 Tepundo areas. In “lawve Dol Ley, there seems to be & definile trend to
the antliecline, but in "1 lcpundo, the high 1s ruch broeder. The some

situation 1¢ apparent on the contours drewn ou the lodular ©lale,

feese (oral corrunicetion) stated thet the ton of the
#looene in Tl Yogunde is nesrly flet, which 1s in grest contrust to
Claye Del Rey, where accumulution of oll in eommnereisl pools oceurs in

the “1isoene,

Faultingi= Iwo large faults are thought to bloek out the

northern and souther:é oxtrermitias of the' Los Angeles Pesin as it is

knovm to-day (1), They are siown in Jep l. Tho Southern fault ic locatod
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(1) The Sevts Konica Yountaine cnd the Mmlos Verdos "11ls do net bcleng
in tho Los Angeles Besin prpovcr,.

at the northorn edge of the Pnlos Verdes Hills, and treads apiroximniely
northwest=sousheast. the mein cvidence for this fault is found uvpon the
exurmination of the loz of the lolidng Hille Petrolevm Corprny's well (see¢.
27, T45,R15:)e It wus drilled to o denth eof sbout (5850 fect and Lottomed
in Todular Umale whose dips were nederly vertiecal, (“unter, erel communicae
tion)s In cénncction with thip, the Jergens ales Verdees well {Sec. 34,
T4S,R15 ) wee drilled to busemting, which it hit et about 2000 feet, The
distance between the two wells is under n mile, Bo that the degree of

slope of the Johist surfroe botween! the two loonlities geems abnormnlly

large snd sugrosts o fault,

Similer diccrepentices in depths of the “ehist surfsce oocur
between the Bouiheorrn Califormig Drililins Company's well in Ces, 2, TES,
R15", which pemetrated “ehist at about 1280 feet, whish is much ¥igher
than the depth of “ehist ai “ilmingten, where the ¢ is® 1s cored at
nbout 5000 feets It 45 reslizéd that the distanee here is nuch pgreater
than in the formor cuge, but the plutige of the Torrunce- ilmingten
Sehlet aatieline, fuyests that the rollef in this ease 1s neturlly

lerger then indicated.

In the Horthern part of the Basin, the most northernly
well, thot has pemetrated the ighist (and Nodular Shsle) is the Temns
Cowpany (nderson Spring well) (“eg. 8, T?ﬁ,Rle) whioch cored lTehist ot
7336 fects ‘“hout s mile o Lhe rorth of thic well, the ines . etroleun

Counanytc llaprv Days well, fedled Yo get lohlst at 7409 fect, To th
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Horthest in See. 25, T18,R15/, the ! ssociated Fox M1le well did not
roseh Uehist gt over B00O fect in depth. The lowest slewntlon of the
metenorphls. bosement outerontc in the Santa Fonior Nownbains anpenrs
from Foots {1631, plate 14) to he sbout 600 feet aﬁove sos level.
Theso rather lurpe gradients Letween reletively elose points suppost
that e foult ‘15 vresent 2% the southernu edge of the Sunts onies lloune

tains.

The prosenec of faulting along the southern odpe of the
Sents Nenice Nountains has been suigested by Hoots (1931), and Soper,
(1938, pe 175)s Sover Conciders tho Malibu Coest Fevlt, south of the
Certral Sante Meniea Fountains te represent an extemsiorn of the Festw
woot gone of faulting, the Hollywood Fault, montiomed by iopte (1931;
Pe 126)s The Iiollywoéd Feult 1s ehown cn Plate 1€ as terminuiing e

litile to west of Sherman. (1)

(1) On the Rift Club fMeld trip to the Santa Monica Mountaine in 1940,
Dr. Soper, the leader of the trip, speeifienlly stated the pesci-

bility of the Nalibu Cuast Fault belng e eontinuation of the lollywood

fault of the Eastern Gante Momles MHountrins,

Tvidemce for minor faulting occu:{ing within the Tlave lel
Rey and Bl Sesundo 011 Fields has been found in the cores of the "ohis%.
T 1¢ evidence coneists mainly of clickenaiding and ooantorting of the
fohists In Playe Del Kev the memtion of a fault on the west side of the
f16ld has beon made by Petener (1938) and Hoots {1985), bui, with the
evidence availsble to the writer, 1t wee not pessible to looate this
fault acourately, o thwt it wur left out of the Sehist end Maduler

chele mapoe



*2le

Btruotures in the Hodulor Shale:

Generally speaking, the Nodular Shale shows deformestion te
ebout *the same extent rs does the “ehiat eurfnos, The one exception ie
‘the nrosenee at Inglevood of 2 large thyuet feult, which has dmlo;@d
in the lower part of the section, dupliesting the Nedvlar Shale, { 1llts,

1940, end Reeee orsl comrnuniestion)e

The Nodular: ihale secms 5o be inveolved in faulting on the
North slope of the Palos!'Verdes liills, and the cores frov. the fHolling
fills Petroleur Compeny welle, & ¥ wore reported to show much slicien=
811ding end stecp dips (Hunter, oral communisation), The Nodular Shule
1 in ell probebility affected by the feulting at the southern sdge of
the Sente lioniea Mounteins, this statoment being bseed on reasoniny sirilar

to that used for the assumption of the feult sffeoting the Tehist b.scment.

Apge of the deformmtion:

All the movewments of the roeks of the west Les fngeles
Basin soem te involve the Nodular Chale, so that the structures secn toe
day are post YNodular Shale. At Tlays Del Rey folding has involved
"liceene rocks, (Hoote, 1986), but at Fl Segundo, eentours drsvm on e
top of the Hoeene: sugpeet & nearly flat ‘suri‘ace (1), 7T ts indiocate=

that the tectonic detivity in the region of El Sepundo had practioslly

(1) Califernia InsHitute of Tochnology Graduste Cless work, 1941-42,
and Jdose, oral commnientlion.

™ e
. nl

eonded by the end af !'locone time,
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GHOLGGIC AXTORY OF "INT LOS ANGDLED B OIN
ATD

PATABDOGEOGRAYHIC CONCIDER.TIOL OF THE RODULAR SYTALE

In the “estern Yortion of the Los Angelas Busin, the
cldest sodiments that have been resognized belong te the Widdle llocsne,
These oldest roeks are from the “ilmingbon and Inglewend o0il field areas,
and {rom the south slope of the Pales Verdes Hills and hsve been assigned

to the Luisiane.

This indicates that much of the ares under sonsideration
vus dry land at tiat time. Thie is further substauntieted by the precernce
of erosionsl wvalleys, in the Gohist.e The best exemple being the large
valley in the southeast portion of "laya Del Reys. Further evidenoe
$a the woathered appearance of the Schist in seme of the ceres.

At the conoclusion of lmisisn time, the “echist provatly
had vory 1little relief, verhaps of the order of 200 fect, as sugrested
by the wrving interval from the tap of the Hodvler Shale to the Schist
surfuce, sscuming thet in as swnll an nrea as “laya Del Rey, the top of

the Nedular Chale represeuts & time line,

At the begimming of the Upper ifocene, the gea adwanced
over the Schist surfece frem the scuth, covering the whole srea with
the exception of the orests of the Schist surfro€ ot what are nox the
Piayn De) Rey sand El Segundo 011 Flolds. This pormitied the deposie
tion of the Schist Conglomerate ewerywhere with the exoaption of the

highe mentioned previcusldy, which stood above water.
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Following the deposition of the Sohist Conglomersnte, a
change in oonditions, brought sbhout the deposition of the Nodular Thales
The fact that the Sehist hight wore covered ty sediments from the Lodular
ses suggeate that sinking of the besin as & whole oscurred, Tt has
alresdy been mentioned that the lowor portion of the Noduler Shale ie
Widdle Mocene in ags in the "“Almington area, where it overlies “chist
Conglomerate whieh is thought te be litddle Miosene in ags. The ape of
the Sehist Conglomepate in this region hae been determined by " codring
to be Mtddle Miooene (‘eodring, 1936, Loe. 13),

In the northern portion of the besin we have s similar
situntion exvept that there, definite Upper !ligeene Sechist Conglomerate
underlies definite Uppor Miooene Nodular Shale, The frot that both the
Yoduler Shale and the Schist Conglomorute were deposited during ¥iddle
Miocene time in the southern pert of the area, and were nlso devosited
during Upper liocene time in the northern part of the basin, olesrly
indientos that these formaticms must be related and wore deposited 4n
a gsea transgressing fyem south to north: This psrellelism of cvents in
snch closely related regions scems to de additional evidence aguinst
there boing an woonformity between the Nodular Shale and the Schist
Conglomers o,

The lnowm dlstribution of the Noduler Shele, and the Fael
that 4t hes not bebn reported i‘rem the north slope of the ‘anta Moniee
Hounts ins, or from the central Eanta Monios Mountains {#foper, 1538)
suggests that the Kedular phase of the lohnian sea did not oress the
ares now occupled Dy the Santa ¥onice Mountains. It 1s nown (Hoots,

1951) thet the Santa Moniee Hountsins were uplified follewing the dbw
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deposition and intrusion of the Topanga rocke in that ares. The heavy
wminerals found in the Wodular Shale ocould have been derived from these
exposed rocke in the ancestrsl Centa Honies Mounteins. From this evis
dence, it seems vory likely that ot the sonclusion of Noduler Shmle
deposition, that an ancestral Sonta Honics Mountaine formed the sghore

line.

The weetern limit of Fodular deposition is wnknomm, Both
Kew and Shepard {orcl comminiestion) state they have not found Noduler
fhale on any of the Charmel Islands thut they leve examined, and the
fmpliontion s thet the western 1limit of the Nodular Shale lies between

these Iglands and the presert shore.

The very high organie sontent (up to 15%) of the Nodulaer
Shale in its nerthern portion, sugpests further that & speeisl type of
ghere condition existed. It seers %o the author, that n bay is rocuired
for the accunulation of such quentities of orgenic metter, In this
oonncetion, it must be oonsidered that at the time of deposition, the
orgenic gontent of the sediments was maoh Migher, Trask (1536) has
estimted thet 40% of the oripinal quantity ef orgariec matter in

fresh sediments is lost upon lithifleation.



DIATIIRUTION OF SRONPHGHUT T8 i OCRAN A¥D ITE PACIPIIATION

Distribution of Phospherus in tho Ocsen walers:

Little seems to be Imovm on the cobusl securrence of
phorsphorus in the oceer wntors of the rresent drve ihe folloving
brood generslizotions seer to be justifieds

l- The smount of phosphorus ocourring in ses wnter
gs Pa0g increases fror the surfoce downwnrd (Bsrvey,1928),

2« The surficisl wuters show & morked seasonal waristien
in rhosphorus content (Marvey, 1928),

3« The eurfleiel waters of srotie rovrions contain more
phospherus than those of tropienl regions. (Therrson
Diets and bis zssocintes (1342) consider thu: the raximm
-9
emount of 04 radisal thet een be present in see waber 18 246 X 10
mols per 1t, and thnt "see water decpor then a few Inmdred neters is
essentinlly sntureted with triealeius phosphate”s Tn other voris

they conelude that surfielal wuters arc undersaturated and deopor wnters

hocome superseturnted.

Distribution of “hosphste Deposits in the Geologic Colums

“heosphatic depesits of the tyne of the Nodular hilc huve
veen degeribed from many loe:litics and frowm seversl nortioms of che
Geologrio Bolumn. Dewsen {1876) ascribes the Precambrian laurenticn
epatite deposits to metumorvhosed phosphete deposits. Tho “hosvhoris
of the 'erminn of the Hecky fountnin reglon is perhens the outetending
exarple of phosphatice nodvinr deposition. Complote suwmenrics of the

occurrciuoes of phosphnte devocits have boer mublished Ly Blockweldoy
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(1218), ard Menefield (1527).

Funerous phosphste neduliar depesits hove beon reported
from Califorrnic Tertiary rocitse These huve been deseribed by Gelliher

{1931), and ethers.

In the lust 50 yosrs phosrhatic nodules have becn dredred

from recent sedirents of the vreseut sees (1). The elassisc loonlity

(1) collet (1908) mentions seoveral of Lthese locnlitics, as does lwon-
hofel (1926).

for nodules of this type is the Apulhas Bank, off the cosst ef south
fifrion, wﬁere they were first found by the Challenger "poditions
(¥urray and Reynerd, 1891). Ihe nost Recont loeality to be described
18 off the coast of Soutvhern California (Diets, "mory and ihepard,
1942).

The depths at which phosphetie nodules have heon found v ry

from 240 feot (Shepard, oral sourunieation) to over 10,000 feect,

Theories of the peoipitation of hosohorus rs Thosphates:

1- Murrey and ieynard (1891):« The gomeral hypothesis of

tarrey and Reynsrd (1891) for phosvhate deposition of the podular type has
been pretty weil sccésted since its inception, but diffioulties ere
presente Thelr gomeral thesie is that the phosphwtic nodulee are due to
s "mass killing” of a fauna and that the individusl remains form centres
of deposition. This theory s nccepted by Collet (1308) who coraidors

the ochemlesl ectionsa involved t¢ be as followe:-
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"Organic wother decomyosing on the oecean hottom nroduees
arronia, which revets wits the ealeiun vhosshete in selution,
producing smmonim: chosphate. It 1s the resction of the
ermoniur: phosphnte on tho osloiwn esrbonute of enlearcour
shells, which serms te bo the first gtare in the forw tion
of theso nodules. This retction it a psendonor:hosis’{(p. P09, .

(1)

(1) The writer's translotion.

The equation of the resction #ee as followsie

a(NH,éPo‘, + 3CaC0;3 = Cay(POg, + 3(NHy), CO;»

Collet sonsiders thet the eanlejum phosphate thus procipitated
will attruot further molecules ef ealeium phosphate, due rerhenc Lo e
series of renctions vebtween the artoniun carbemate end the enloiun

earbonute of the sea weter,

?= Blzelwolder (1916)- Blackwelder (1916) stated thn™ the

discolved cuurtity of phosphorue in see woter excrosced as 905, aroumbed
to about .18 . of the total arouni of dissolved salts (n. 288). ihis
amount ie sufficlent te for~ the larrest known phosnhete bed in o few
thousand years {(p. 221). Roviering oconditions of rhespheatic deposition

he concludes “hut aneerobic conditions are mececcary for the depouition

of phosphrtes. Uowever he recognizes that the lack of phosprute deposition
in the Ulack euw, where all his positulated econditions ccour, militates
arainst his %heorys To the Bleek Jes dnta, should bo added the reccot

work of Stﬁ%n, (1988) who feilas 4o report modnles from the fiords of
LKorway, whers sinilar ancerolic oonditions exist.
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Blackwelder coreludes in part:-
"Thore is excellent reeson to think thet the immedistely econ=-
troling conditions (for phosphetic depositions) are chemical
or b'loe?wmical"un.

and that the question is "¢ room for which & ey 1s yet to be fomd".

After working on the Thasphoria formation of Ideho,
Yansfield (1927) coneludes that this deposit was 1aid dowm ir an fsolnted
basin in which there wes o large amount of orgerie materisl., Hodulss
from thic fermation contained muclai of anisal remeins., Hansfield thought
thet the conditions under which the Phosphorisa was depostied vere

enserobic, similar bte sonditiene postudated by Bleekwelder.

S- Mansfield (1940) - Recent work by Jacob, Reynolde, ond

Farehall, (quoted 4in Manefield, 1940) has shovm that " ell trres of
sormercisl phosphote produced throughout the world contain fluorinc'. .
The quantitioce renge from 0,49 te 4.2%, Monsfield draws sttention to the
rather close asnmecintion of phosphutio deposits to v@leanie setivity in
Borth Amerios, uasmnir'xg, that voleenic aotivity affards the most reedy
source of {fluorine. The asotion of the fluorine im that it combines with

the ealelurn phosphate and renders the lattier mere inssluuvle,.

4- Dletz, Emory and Shepard (1942)- “heephnte nodules from

dredgzed samples off the coast of Couthern California have bveen studicd
recently by thees muthors st tho Serdpr's Institute of Oesanegraphy.

The interesting pointe in their Tindings are thuat the nodules contain
lerge uantities of fluorine (over 47), and that ther occur in losalities
very'deficiant in organie metier, and under serobic conditiomes It 1o
impceéible $0 po into their theery as to the origin of these nodules,

but they sre rather close to ~unsfield's (1940); the eoncitions appesr

tc be specianliszed,
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Prigmary Origin of Nodules

The presenoe of the Noflules on the ovean fleors of te-day,
scems to indiocote that the nodules in rocks ere of primery erigin. Thut
i3 they are formed on tho ocesn fleor before dburial and before 1ithie
floation of the enclesing rock takes placs. This is in contrast to cone
erotions, which are thought to form after buriul end even after lithi-

fiention, that is srw vonvrstions sre of secondary origin.

This view of primery oripin of the neduler ir substontiated
by the character of the nodules in the Kodular thAle, where they lie
flattened parallel to the bodding, snd in eohe seses laminse seem to
ourl arcond them. In no case have the suther seen these sanll laminas

to have beem interrupted by e nodule.
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DIGUSSION ¥ PROS‘,Z‘EK:’» TIC DFPEGSITION VYT RuFiaukes T0

f
™ ORIGIN OF THY NODULAR SDALE

The firet Shree theories outlined in the provious sootlon,
6ll find pointe of confirm:tion im the Nodular Shale. For example,
gemernl founal evidemcs, derived from studies of fish faunas by-bsvid
(orel eomrunicetion) shows that there was & merked cooling of the ocean
@ith the initiation ef the Moimian stsge. This could sccount for sueh
& "mass killing® of & fmums whioh would provide for this type of deposit,
'Anaeroblc conditions seem to bo indiceted for the rorthern eren of Yodular
deposition, es ovidenoed by the high orgenie econtent of.tho Yodular
Shales The presence of Fluorine in the nodules, togecther with the bene
tonite beds in the Nedular Shale substantiste ensfield’s theory of the
sgsoclation of woloanie asotivity as a source of the fluorine, which is

thought to esuse phosphatic deposition.

fme apparent difffculty appears with the theory of lurray
and Reynard, and thet is the prodlem of obtaining a section of roek noarly
180 feet th;ck, such ae the lodulsr Shele exhibits in portions of “laya
Del Rey, esonteining nodules, withk em initial extermination of a fruns,
Tn this commection, it should bo remembered that Bradley (Cuoted in
Hoots, 1936) considers that leminutions present in the Nodular 3hale
represantsd seasonal veriations, saying "that the layers rich in orgenie
mutior was formed in summer”, due to the enormous increase of pelagie
organiems. Jf this is so, then therc is every resson to suepeet an ennual
supply of dead orgsnlsms with which to genorate new nodules, These

conditions, aro wery similsr to those neticed by Hurray in 1898, when



he remerked thet recent nodules seem to have been dredged fron those lo-
enlities which show large devistions of ennusl temperaturos in the
surficial waters, & condition which causes the death of & large nu-ber of

anirale (Collet, 1908, p. 195).

The role of fluorine in the depseition of the Nodular
Shale is not clesr, if the atove coriitions are ture. I¢ oan only be

seid that 1t ma: have mided in the preeipitetiom,

The favoring of the hypothesis of Hurray and Reynard by the

author is based on the faet that no mescive phosphute deposite are knom
te oscur in the Xodulmsr Shrley, The Fluorine Yyvothesis of *&nsfield
requires mess deposition of vhosphates and fails to explsin fully the

ocourrenod of pnosphutic deposgits in nedular forw,
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TEE RRLATIONSHTY OF 700 annUilo B TUALE 10 THE ORIGIY OF OIL

INTRODVCT(ON!-

Twe work of Foots (1935) on tho Wedulsr Thale in the

Del Rey f4eld attempted to prove, und with gome suecess, thet the

Hodular thale of that ares

followsiw

1»

p: 2

4w

G

Ge

"has boon the source of much, 1i not
all, of the "lava Dol Rey oil™ {p. 1E1).

The evidonce oited Dy these workers ie summari~ed as

The charaster of the o1l preduced at “layn Del
Rey end the close relotion which exits becwssn the
Imown distribution in the Los /ngeles Beain of
thie urusual type of o1l and the Noduler Shales

The clese stratigraphic relatienship between the
Rodular Chele and the produeing oil somes.

The presence of free oil in this shele, and ite
rodieslly different character fron thot of the
erude being nro&ucvd.

The high kerogen cortent and the inerease of
the free oil-keroren ration dowrmward ir the
suppoced direction of wmigratiem.

The wicrescoric character and significeree of the
organio snd phosphatic material,

The high oarbon ratio of this oil shale, indieating
that oil~formetion hes occurred,

Ginoe the putlieation ef these results, the i} ~egundo

Tlave

011 Fleld has beor discovered, and the presence in thet fleld of the

Yloduler Shale and & henvy oil is furt'wer suvesests pro€f of the ctove

stetorents, Hérolu (194.4, pe 45) eites Pl Segundo ns an examnle

of dovrward migration of olle
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In the Torr-nce aren, oil shows balow the Lodulsr "hole
are knovm fror only three wells: The D & B 011 Compeny Dewn Yo. 2
(Sec. 2B, T43,3167), tho Loma Verde . oll (fec. 13, T47,718 ) ard the
unter-Delvin tell, (fec. 17, T47,H150) (Puntcr, oral eowunie:tion).
These ell occur well to the south of the Torrance antielinal exis,
The gereral laok of oil below the Nedular Shole ia this area may be
atiributed to 2 decrecse in the organiec content of the Hedulmr “hals in
thie regioﬁ, ond to tho vresence, In vart of the arsa, to an ispervious

tight shale at the base of the Noduler Shale,

011 seers from the reles Verdes Fills repicu ure rentioned
by Sehultz (1937), from excovations for the “hites “oint mtfell fower
Tunnel, Leveral wells have boon drilled in the “alos Verdes iiills, but

to the author's knovledre nonc have beun producoers.

Catalysts in the formution of Oll:

Gester (1941) und others have drewn attenkion to poszivle
catalysis, such ae seme of the metals, whcse presence is thought nécesso
ary for oil formation. In the specirogr:arhie analysis ol +he lYedulsr
Sha)e gome of these suspentod ocabalysts were found to be nresent.
Thé}ﬁ‘distribuhian is tabulated in‘Table 11:

Ty 11 (1)

Flement ﬁ:}ial voristion
¥iekel increnses northwerd
Vanadium Ko chenge

Lead ' ' Kot found
tiolybdenum ‘Yo change

Chrromium ' Little change

Copper Ingcreeses northwerd
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(1) See Table I for relstive sbundence,

,Amlvggccus pYeas

It 1s of interezb to mote that 0il has beer abtained frem
samples of the Phosphoris formution of Idaho (Yeald, 1921); the “hosphorie
has been traced ints the lander distriect of Vyoming (Thomee, 1934), vhere
4t 15 known es the Enmbar formetions this formetion preduces the oil in
the distrist mentioned., The oil hos & low gravity (22), en asphaltde
bese and earries sulphur, a desoription that regembles the oile of
Plays Del Rey end Il Segundo.

Conolusions:

Prom the evidence Presented, it is the author's opinien
that mueh of the petroleun in the Plays Del Rey ares owes its origin te
the ergonie wetter that wes deposited with the Nodular Shale, By analogy
it soenms plausible that the Oil at El Segundo wae derived fror the Nodular
Shale of thet erea, and thut ruch of the 011 at TInglewood 18 derived from

the Wodular Shale of that aves,

Objections to the Nodular Shale es o source for the petroe
leue are based on the fast that the YNodular Shals has such a low perivme
bility, that it would bs 4iffieult for petroleum gonerated in it to
esespe. The suthor sgress with Hoots {1935) in that feulting would
prévide avenues of osoape; The folding.tmt the sediments hove undergene
eould conceivably squacss the petreleum out of the rediments along even

smell fault planes.
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Possible fuyture aress for petroleum disegvery:

Three possible future eil prosposts seen to be indiestod
as » result of the author's study of the Heodular Shaleie
| (1)- The possibility of stratigraphis traps sccurring
by the overlapping ef iiiddle “iotens rosks by the Nedular “hale slmost
snywhere i the contral portion of the area studied by the author. This
possibility will be governed sormewhat by the stratigraphy encountered
in the Union 011 Compeny Callendar 79 in the Dominguer 011 Fleld

(2)= The lodular Shale almost eerteinly underlies the Levme
dale 01l Fleld, and acourulation below the Hedular might be expeected in
that ares. However, the emall slze of the aros, and the dopth to which
drilling would have te be undertaken, mijht muke this regilon esonomieally
prohiditive.

(3)~ The north slope of the Palos Verles 1ills rogiom.
Here there is & possbility of finding an ssourmlntion against the
northenst side of the falt in & trep which is fermed by the fault which
may scal beds dipping away from it. The possidilitiss of this arca are
supportod by the shows of 01l in the conglomerate cored in the FHunter
 Delvin, Loma Verde, and Dawm 2 welle previcusly mentioned.
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CoORNCLNT T OR

The following broad conelusions seem justified fror thie

investipation:=

(1)~ The origin of tise irregulm‘.{ties of the Lchist sur-
frced under the western rortion of the Los 2Amgilcs Basin, is not entirely
erosional, bub is due in part to tectonic Jeformution, the echist having

suffered deformation to the same oxtent es the overlying Nodular Shale.

(2)= The Nodular Shule represents an aren of relativély
slow secumulation of sediments, under a neritic envirenment, takin
plude in en embayment of the Lolmisn seus a8 they groduslly sutmerped
the;‘ Sehdst besement. This embayrent was in all probability bordered un
th; north by an ancestral Sanke Yonloa Mountains,

(3)= Thereo is no eresional wnconformity betwoen the Kodular

8hale and the underlylng Cehist Conglomerate,

(4)=~ ihe nodules in the Nodular Smlé, are thought to owe
thelir origin te seasonel wuristions in the temperature of the Viddlc «nd
Upper locene seas, which would have the effect of killing off & large
enough proportion of the fauxn to nrovide sufficvient materials to be
available for the reactions of Collet (1908) to take plase, with the

result of phosphatio noduler deposition.

(B)e T o Nodular Shalc 48 responsiblo for & major portion of
the oil generated in Playn Dol Rey 01l Field and by inference in the ¥l

Segunde 01l Ficld tec.
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