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A STUDY OF THE HEAYY MINERALS OF THE MODELO PORMATION IN
THE EASTEAN PORTION OF THE SANTA MOKICA MOUNTAINS

Intreductiss

¥ithin recest years thers has besn & renswed interest ameng
geolegists im the field ef sedimentary petrography. This imterest
has been revarded by the acownumiation of much new and interasting
dats. Cereful siudies of the textures and wiseral sompesitiens
of formations have yielded ispertant clues regardisg climmtis
and geographic cenditions duriag ancient times. These studies
bave made it pessible ia some sases to serrelate wnfossilifereus
sediments. | |

Purpese

Ia this paper the writer is chiefly concernsd with the heavy
duﬁh of the Medele sediments with the view te learning wimi
lateral and vertical wariations may sccur ism the mineral cempositien
of a formation ever a small arsa - a matter which is of great
significance if the minersls are te be used as criteria fer
cerrelation - and te lears semething of the paleogeography during
the deposition of the ssdiments in gquestion.

AMMWM:;}.: bave served as the key te mny
perplexing prebleus, they have not m&mnﬂl}r used with
| suscess, lany ef the failures however, are direstly ,qt;&hnﬁbh

to unreasssabls expectations oa the pari of investigaters.
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It is appropriate at this peiat, ia srder better o understand
the purpsse of this problem, teo indicate driefly the gemeral theory
on vhich eerrslations of sedimeuts by means of their mimeral
coupesitisns is dased. mMmquzmnm
basin of deposition, sedimsats of centamporazesus sgs will have
appreximately the same cowposition. Cemplications often arise and
cscasionslly wpset this wery simply hypothesia. If kighlands of .
waiforn composition are sheddiag sediments inte the basim, 1t is
%o be expested that perhaps vith mimer sxceptions thers will be
enifornity in the cempesitisn of the sediments. If bewover iws or
move land masses are sach shedding a different kiad of material
ints the basin, the prsdien becomes mers somplex. Under these
sonditions, it is highly prebably that im the sballew vater cless
to shere, the mimeral esmpesition of the sedimsnts will change
sharply st varieus poimts slemg & 1line parallel te the beach.
Wymtmm,ﬂwaamzqdmmﬁimm
pince, thess shmrp beundaries of composition will be replased by
transitional somes which will becoms breader and bremder amd
ultimataiy coalesscs, resulting in a sediment, well lm from the
1amd, whisk will have a homogensous ceupssitisn. If the buela is
very large and ihe Mm that are shedding material ists it
are far apart, it is unlikely that the sediments over the emtire
basis will have & comnon cempesition, but it is very probeble thet
bregd transitiomal semes will lis between the areas o&am by
ssdiments which have Deem derived from differest reck types.
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Currents, which may be mressut, are alse powerful agemts affect-
ing ssdimestation. They may disturd the bettom and agitate the water
.«%ﬁcwxy to cause a therough mingling of material derived frem
various sources and emmymumm;
bewogenseus somposition. lMere sftes, they producs comsemtrations of
the heary minsrals is patterns which may be very confusing and
difficult to decipher; er they serve to restrist varicus simeral
.poezn to distimct areas, thus makimg for an imbemogeseity is the
minsral cempositisn of the sediments oecupying a given basin.

Considerations of this mature indleste the wesd for careful
sampling and poist to the uareasemabloness of declaring heavy
sinerals wseless as serrelation oriteria when the samples that were
sompared bave besn taken mny miles aparte |

A survey of the litersture comsernisg Deavy mimeral studies has
impressed the writer with the fast that although many atteapts have
boes made te use heavy mimersls in serrelation and as guides fer the
differeatiation of various unfossiliferous formations, 1itile s
beon published’ regarding latersl variations i the mimeral sempesi-
tiom of a stratus. Simes the practicability ef serrelatien amd
differesntiation of fermations rests on the hypothesis that ihs mineral
compesition remains more or less comstast fer a given formationm, it
appeared to the writer that an imvestigatiom of lateral variatioss
in the compesition of a stratum was of fundamental iaportanse.

1« Resd,R.De, Rels of Heavy Mimsrals in the Coslings Tertiary
Formations, Ecen. Geol., vol. 19, 1924, pp. 7T0-748.
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Askuonledguents
The ebserwations and opinisns recorded hars are the resulis of |
studies made durisg the yeurs 1831, 1932, and 1933. The writer
wishes t¢ sxprese his desp appreciation for ths enceuragement and
helpful suggestions givea te him by Dr. Ian Gampbell duriag the
course of the imvestigation.
Field Requirements
Fer this stndy a sandstene stratum, nol tee¢ highly indwrated,
of a fow feet in thickness, and traseable on the surfase of ihe
ground for seversl miles, was sowght. Such a amm-m ave
previded ssmples of appreximately sontemperanseus age and easy
workability. Natwre, Mowever, was uot faveratly imlised sund the
weiter falled to find a stratus fulfilling all of the Fequiremsats.
In the lsdele formation of the Samta lMeniss lountains there scswr
several sanistone menbers, wash thisker thas deaired, bwmt sthorwise
fayerable, and these were selscted for the investigation.
Lesation sf Area
The sedimente which were studied lis omn the north flamk of the
sastern portiss of the Seata Nemies loustains, imcediately merth of
the sity of Beverly Hills, s swburd to the west of Los Asgeles. The
region is rmny,m;hh, being traversed by a metwerk of fime
reads and iying within sa howr’s drive tm&u Aageles:. The walls
of the read-cwts effer excellent eppertunities for the sellestion
szmnuumcmxymdmmpmm
ture s.amm oXpessde
Gessral Geolegy
It will suffies bere te give suly a brief statesest regardisg
the geolegy of the ares, a&mamm&mﬂhm
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been published by H. W. ﬁwﬁml It is an area "which presents a

section of wvaried rock types imecluding esocarsely erystallime plutoniec
rocks, basic and acidie intrusive amd pyroelastic rocks, metamorphic
slate and schist, and a wide assortment of sedimentary rocks . « « «
»*Structurally the eastern part of the Samta Monica Mountains is
a broad anticline whose axis lies in the sxtensive gentral area of
the Samta Monica slate (Triassic!) and plumges westward. « « « q“z
It was in the Modelo fermation {Upper Miocene), on the north
1imb of the major anticlime that this study was usdertaken. The work

3
was greatly facilitated by am excellent geclogic map on which the
sandstone members of the liodelo formation had been carefully

differentiated from the shale, These sandstone members, as mapped,
may be seen to extend tuixtormptodl;for distances of threé to four
miles. Their thicknesses vary and offer an obatasle toward procuring
samples of exactly comntemporaneous age, but this difficuliy was largely
overcome by carefully locating the samples stratigraphically.
Procedurs of Imvestigation
Field Work

The general method of attack on the problem consisted in sslect-
ing a sandstone mewber and sampling it from top to botiom at interwals
of about a half mile along the strike. 1n dataii the field collecting

1. Hoots,H.¥., Geology of the Easatern Part of the Santa lonica
Hountains, Los Amgeles County, Gaufon:la; Ue So Ga Se Prof. Pap.
155-3, 1930’ ppc &"13“

2+ Hoots, HoWa, loc. gite, peB3.

3a MS.H‘", loc. eit., plo 16,
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wag carried om as follows: The surface of the sand was scraped away
exposing fresh umweathered material. Gemerally this was a very simple
proéeduro because sampling was nearly always dome om the walls of road-
cuts which wers barren of any soil. By means of a sharp pointed moil
and a five pound hammer, samples welighing about one kilogram each were
gollected from points mear the top, middle, and botiom of the :mtuu,'
placed in siropg paper bags, labelled and carefully lecatsd. The sand-
stons somstimes cihibitad stromg eross-bedding with coarse streaks of
sand occasionally imterapersed bLeiween finer material., Care was taken,
however, to secure specimens which appeared to be representative of
the entire member.

» Laberatory Precedurs

Preliminary Preparation of Seamples.~ Im the laberatory the
samples were crushed ’ba.wem wooden blours, allowed to alr dry for a
day, and reduced to a suiiable size with the sid of a Jomes sample
splitter. After redustion, the mierizl was weighed and placed im
beakers of 250 oc. eapacity. Owing to the paueity of heavy mimerals
in the Modelo Formation, it was found suitable to employ samples
waighing between 150 and 200 grame. Samples of ihis weight genmerally
yielded from 25 to 50 grams of sand lying in the 1/4-1/8 wm. grade-
size, whick was the fractios that bad been selecied for investigation
in thia study. From this amoumt of sand a heavy mimeral erop of less
thas half a gram was secured for examimation.

As a means of disintegrating the sandstons a solutiom of
approximately 1 mormal, ocold hydraoshloric acid was poured inte each
beaker and the sandstone was allowed to soak for a day. Ia gemeral
this method yislded satisfaciery results, eupecially if the

aggregates of particles bad beem ¢rushed by the wooden blocks to the
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size of peas or smaller. At the end of the seaking period, the acid
was decantsd and the residue well washed with water.

In order to secure good sereening resulis in the steps to follew,
it was found nescessary to remove the excessively fime material frem
the sand. Expesrimest showed that particles smaller tham 1/16 wm.
tended to clog the opemings im the scresns and to form surfase coat-
ings on the larger graims thus preventing ascurate aiu elessifications.
Removal of the fine material was accomplished by washiag the niph in
a large beaker where it could be well stirred and completely brought

inio suspansion for a fow moments. In counformanse with Stokes' 1&1
the larger grains setiled soomer than the smaller, and after a

caloulated time imterval of seventy-one seconds, material less tham
1/16 mm. in diameter, which still remained im suspension, wes decanted.
This is the length of time required for particles with & diameter of
«016 mm. and a specific gravity of 2.63 to settle through a colums of
water five inches high. 1Im practice a small additioml allewance of
time was made in order to preclude any loss of graims greater than
1/16 mm.

Following the removal of the finme silt and clay by decantation,
the samples were placed om sheets of absorbest paper and allewed o
dry. When completely dry euch sample was divided into its somstituent
grade-sizes by means of a set of Tyker screens which were shaken for

fifteen minutes by a mechanical shaking machinme. Six screems with

1.d=/ 7% where d- diameter in mm. of settling particle and

v velocity of particle in wm. per second. This is the equation of
Stokes* law reduced for particles averagimg 2.63 specific gravity
and ssttling in water.- From Tickell,7.G., The Examimation of
Fragmestal Recks, Stanford Usiv. Press, 1931, p.ll.
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: 1
mesh sizes approximating the series 1/16, 1/8, 1/4, 1/%, 1, 2 wm.
constituted the set. Each grade-size of sand was weighed to the nearest

tenth of a gram, them poured inte a glass cylimder and saved for future
studys The weight loss suffered by the original sample, as a result
of solution and decantation, was arbitrarily added to the weight of

: F
the fraction coataining material smaller than 1/16 mm. These results
were then converted inte psroentages and phﬁcd as shown on plate I.

It was at first planned to study the heavy mimerals in each grade-
size. However time did met pcrnit and omly a siagle grade was investi-
gated. For this purpose the size lying between 1/4 and 1/8 on. was
choson. The examimation of hrg& grains was often impracticable
because of their opacity to trancomitted light. They had to be crushed
to smaller sizes before they could be identified. This procedure
rosulted 1s an imsrease of the masber of grains on the slide asd
consequently imterfered with detornimations of their norml abundance.
This romiuod a real detewert to the use of the larger graina sizes as
long as the p«téegnpk&c mioreacepe was being employed as the tool
with which to earry out the grain counts and identiflicatioms. As will
be described below, it was haracé that the various species of minerals
could be recognized and differentiated under the binocular microscope,
after ome had acquired some tgdlicntx with them. However, simce
gruiss betwess 1/4 and 1/8 mm. ia size were ﬁro Mtablﬁ for mking
permanent reference mousts in Canade Balsam, they were chosen fer
luvestigation.

1. Astual size openings ez sitamped on the ‘screens ﬁy the manufacturer
are 061, 01“, 246, 495, 991, 1.981 mx.

2. This is sot a precise methed fer detormining the weight of
particles smaller than 1/16 mm. because a part of the weight difference
is caused by solution of cemeating agents.
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Heavy ifineral Separatiom.~ The procedure which was followed
for the beavy mimeral separatiom was that suggested by H. B. ltnur.l
Two funnels were set up as shown im figure 1. Bromeform with a
density of 2.85 was poured imto the upper fumnel. A kuows weight of
sand was dropped imto the bromoform amd geutly stirred for iwe
minutes. Coutimmous andi gentle siirring for this length of time was
found to be sufficient to allos for a complels separstion of the
heavy mimerals from as much as twenty-five grams ef Mn The
mixture was then allowed to remais undisturbed for thres minutes,
giving the heavy miserals sufficisnt time to settle, after which
the pinch cock wus carefully released and the heavy graims which had
been deposited at the bottom of the stem in the upper fumnel were
draised onto the filter paper in the fumnel below. The sscluded
bromeform was thoroughly remeved from the beavy minerals by washing
them with aleohol. They were allowed to dry, and thesm given a
preliminary examimation umder the bimoesular microscope im order te
doternine whether a treatment with acid was mecessary. Nearly all of
the heavy mineral concentrates were given a treatment which coasisted
of boiling them for thirty minutes im 1 wormal hydrochlorie asid,
This gemsrally removed alteration coatings amd facilitated identifica-
tion of the minerals. Apparently nons ﬁs disaclved by the acid, for
in no caese were minerals which bad been observed prior to the aeid
treatment, absent aftervards. Following the scid bath, the minerals
were washed with water asd dried. The fraction of light mimersls
resaining from the bromoform separation was also drained onte a filter
paper, washed thoroughly with alcohel, and allowed to dry.

1. Milner,H,B., Sedimentary Pstregraphy, D. Van Nostramd Co., New
Yﬂrkg 1929,
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Methed of Miweral Observatiom.- 4 susber of trials were thea
made in erder to deternins the mwost comvenieant method of mking graina
counts and idewtifications. The beavy minerals were prepared for
observation by splitting eff s represestative fraction (300 te 1000
grains) of the total heavy erop. This was accompiished with the aid

of a minlature sampling éwiu" patterned after the Jones sample

splittier. Gralas were nousmted on glass slides, in Canada Balsam
and in piperine (refractive imdex 1.69).

ﬁan mounts were sxamimed umder the petrographic microscope and
did not afford complete satisfaction. ilany of the gruime could wot
be identified bLecauss they were badly fractured or still retained
alteration coatimgs and hemse tramsmitted light poorly. The
advantage of the piperine mounts lay im the fact that the refractive
index of that medium serves to divide the heavy miserals inte two
nearly equal divisioms, those mavimg indices below 1.69 and these
with indices above. This property of piperine facilitates idemtifi-
cation of minerals simce it makes it pessible to limit the number of
species very quickly em the basis of their refractive indices. Iis
chief disadvantage is s conseguence of the preperty of strong
dispersion which it possesses. Decause of this quality, miserals
mousted in piperine and observed in {ransmitied light display colers
that are distinctly differest from those sxhibited by the same mimerals
im air and in reflected light. 7This is troublescme because many
identificutions of unknown minerals mouwnted in piperine bave to be
made by usiang analagous grains taken from the wmounted fraction of

1. Otte,GsHsy Device For Sampling Heavy Himsrals, Bull. Geol. Sec.
m.. vol, “’ 1’33' Pe 159.
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the bearvy crop and examining them in various index liquids. Owing
to the fact that the color of a minmeral species im air ia differeat
from what 1t is im piperinme, ihe selection of analagous graims frem
among the ummoumted minmerals ies oftem made with difficulty.

sana_éa Balsan mounts were unsatisfactory largely because of the
low index of the mounting medium (1.53) compared to the high
refrasctive indices of most of the hsavy minerals. This saused the
mounted graims to exhibit extremely high relief, adding difficulty
to their identification.

Trial observations wers made with the bimooular misroscope and
it seon betame apparent that when ome was familiar with the coler,
luster, cleavage, wod shape of the various ainerals, it was a
comparatively sasy matter to tell them apart. Vhenever thes identity
of & mineral was in doudt, it was removed to a slide and studied im
various index liqrids under the petregraphic mieroscope. Delicate
gselor Jifferenses were readily distinguishable and color proved to
be a remarkably good eriterion for recognixing mimeral speeles.

This wethod of observation was adopted. It was greatly
facilitated by the use of sn electro-magnst with which it was
possible to split the heavy minmerals roughly isto three groups
megnetic, mdtrataiy magnetis, sni son-mgnotic. The first growp
was composed almost entirely of ilmenite, the second of hormblende,
garnet, epidote, and tourmalims, and the third of titanite, rutile,
barite, and leucoxens. The grains were spread om grid paper to
facilitate counting. Throughout the eniire suite of appreoximately
fifty samples which were examined, the colors for ihe various mineral

spocies remained distimetive. The titanite was always yellow, the
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hornblende dark greem to blask, the teurmalime smeky or reddish black,
the epidete nilwith groea, ihe gﬁrut pink snd orange {except im
one sample where amch colerless garmet was prasent).

It was of interest in

this problem to study the relative asd absoluts abumiancs of the
heavy minerals. For tbds purpose 300 te 1000 mimeral grains were
usually counted for each sample. Fercestages of the various species
wers caloulated im two differsut ways. Accordimg io one method they
were calculated as functions of the total mumber of grains coumted,
assording to the other they werse computed as fumctions of arbitrarily
asaumed mambers. In the first procedure, which is the ome in common
usage among sedimentary petregraphers, barite and leucoxens were not
counted. Barite, altbough a heavy mimeral and very abundant in soms
samples, is of dublous erigim and may ouly be a cementiang agent.
Lousoxene is distimetly an alteration preduct of titanifereus
amlperals and in the sulle of samples onli.nd by the writer, it Imd
boon derived almost exclusively from ilmemits er titanifersus
magnetite. Occasiosally leusoxene grajins were cbserved as
octabedral pseudomorphs afier megmetite. Since alterstion of
minerals often occurs after deposition in the sediment, the writer
felt that the rolative abundanse of leucoxene offered mo clue to the
source of the mterial mor was it an important characteristic mineral
of a formatiom. The results of these caleulations are plotted is
the form of histograms om plate I.

In order to secure information regarding wariations im the
absoluts abundance of the heavy minerals the follewing methed was
employed: It was arbitrarily assumed thgqt for each of the mimersls,
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ilmenite, garnet, titanite, bornblends and epidote, 1000 graims per
20 graas of sand of grade-size between 1/4 and 1/8 mm., were squivalent
to 100 perceni; for tourmalins and zircon, 500 and 200 grains comstituted
respsctively 100 percest. Using the formula 20 p. 100- absolute percent’,
it tui an easy matter to calculate the siwdwp:rgeatqu for any
samples |

4 brief comparison of the two methods employed here for caloulating
percentages, indieates that the latter procedurs mot only affords a
means for determiming absolute abundance of the heavy mimerals, but
it also serves to show relative abundance of mineral spscies; wheroeas
the first method is only useful for detcrminations of relative abundance
of minersls in each sample., A more complete discussiorn of the desirability
of using abaoclute percentages 1s to be found in an earlier paper by
the writer.

Conclusions
Textural Asalysis and Inferences

As described earlier in the paper, each of the samples was graded
by means of screeming. No effort was wade to grade accurately material
smaller than 1/16 mum. in diameter, but all such material was lumped
together under the grade-gize defined as less than 1/16 mm. The results

le 20 n 100 = absolute percent
wfd
whors n = the nuaber of grains of the minsral species which were counted,
w =the weight of sand from which tbe minerals wsre soparated,
f =the fractiocn,of the total heavy crop, which was counted,
¢ = ihe number of grains which has been arbitrarily assumed to
equal 100 percent. :

2+ Cogen, Wm. M., Some Suggestions For Heavy Mimeral Iuvesiigatiomse
Presented at the meeting of the Amer. Ass. of Petrol, Ueol. inm Houston,
Texas on darch 25,1333,
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have been plotted and are shown diegramatically on plate I. The histograms
reveal the existence of a maximum, in nearly sll of the samples, for
the particles lying beitweer 1/2 and 1/4 mm. or between 1/4 and 1/5 um.
daxime in several of ‘the samples for material smaller than 1/16 mm.
are unreliable and would undoubtedly be eliminated by grading the sand
down into fimer divisions. No distinctions can be made betwesn the
textures of the various sandstons members of the formation. The basal
member shows mno coarser texture than the uppermost, ﬁor are any distinct
and regular changes to be observed laterally in any of the sandstone
memberss. In short, the entire lower unit of the Xodelo formation of
this 1egion may be said to be cbaracterizéd by a texture ﬁaving a single
weximum which lies between the sizes 1/2 to 1/4 or 1/4 to 1/8 mme
it is imposeible, at this time, for the writer to make amy definite
statement regarding the pessibility of distinguishing the xoéelq
formation from the underlying Topanga and Chico formations on the basis
of texturs alone. It should be remembered thet the liodelo samples
( with the exeception of sawple URj=c-2 )1 whose textures are figured
ip plate I were carefully selected as being repreaentat}ve of the samnd~
stone members from which they were taken. There is nc doubt in the
writer's mind that samples collected indiscriminately from the liodelo
would be found to give wide variations in texture and this probability
is founded on ths evidence furaished by sample Sﬁlqc-z,

Little could be learned from the texture regarding palecgeographic

conditions. Proximity of land masses and degree of surface reliei Were

le Sample OR,=-c=? was purpossely selected rom a course streak of
cross-heddod material in order to learn what effect texture had on the
neavy wineral content of o sediment.
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indeterminable. The absence of a conglomerate at the dbase or else-

where in the section does mot necessarily negate the possibility

that the sediments have been derived from a regionm of moderate relief.

In the Santa Monica Bay, off the coast of southern California, the

writer failed to find evidence of conglomeratic material or even

gravel although the Santa Monica Mountains, which kave a relief of

two to throe thousand fest, border the bay for a distance of mearly

fiftean miles. Appareatly the comditicns governing the deposition

of a conglomerate are more than just high relief. "Too great a

relation must not be assumed to exlist betwesn the sediments which

may be deposited and the elevation of the surface from which thaf

come. OStreams entering the sea from areas of relatively low relief

may contribute either coarse or fine material, depending on the

length of transportation and the effectiveness of the vegetable

cover, OStreams from regioms of high elevation may contribute

either gravel or silt for the same reasons."t «
Texture is equally poor as a criterion for imdicating the

position or proximity of shore. Trask has shown that the mechanical

composition of sediments is dependent on the configuration of the

goa bottom, the finer sedimenis tending te accumulate in the basius

and the coarser on the high parts betwsen basins; and that submarine

topography is of far greater importance in determining the texture of

sediments than depth of water or distance from shore.2

1. Twenhofel ,W.H., Treatise on Sedimentation, Williams and Wilkins
Co., Baltimorse, Md., 1932, p. 123.

2. Trask, F.D., Sedimentation in the Channel Islands Region,
California, Econ. Geol., vol. 26, 1931, pp. 24-43.
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The sand grains, even up to sizes of 1 and 2 mm., were extremely
angular im all of the samples, which suggests that they have beea
traasportqd comparatively short distances. This does not necessarily
exclude the possibility of their havimg been reworked from older
ssdiments,

Heavy Mimeral Analysis and Inferences

Minerals Presemt in the Modelc Formations- The heavy minerals
sorved as a much more fruitful source of information than did the study
of texture. The following suite was foumd to oceur in the kodele
formations

Yollow titanite, angular and often fractured, rarely exhibiting
any crystal faces, occurs quite commonly.

Pink and orange garnets, glassy and angular in appearance,
occasionally with crystal faces, are abundant. Colorless garnsis were
found in large quantity in only one sample.

Ilmenite occurs as black angular fragments.

Titaniferous magnetite in the shape of perfect octahedrons is
sparsely present. ‘

Zireéa, rearly unlways present although mot 1n>€bundanco, always
exhivits many crystal faces. Prismatic forms seem to be most abundantly
developed. Their color is pale violet, appearing almost colorless.

Epidote occurs as yéllawish-green to colorless crystal fragments,
always angular and mever exhibiting crystal faces. white alteration
borders are often present.

Hornbleade, present abundantly in the intermediate zome, occurs
as angular, elongated fragments which exhibit shiny clenvage surfaces

and are dark green to black im color.
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Tourmaline, black in reflected light, is abumdant in the lowest
zone. In transmitied 1light it is gemerally smeky gray. A few blue
grains were alsc observed. The absence of cleavage surfaces served te
distinguish the tourmalime from hornblende, under the binocular
microscope.

White opaque leucoxene was abundant in many samples and
ogcasiomally occurred as octabedral pseudomorphs after titaniferous
magnetite; more often it was im the form of shapeless graluns.

Barite was found in many of the samples. It was generally angular,
shapeles2, and rarely exhibited cleavage surfaces. Usually it was
golorless. Sometimes it had a falmt pink tinge,

Rutile wan a rare mineral. I was deep red im color, angular
in shape and mever exhibitod any erystal faces.

Sillimanite, {two graims) having the form of basal plates, was
observed im only one sample.

Mineral Zones of the Modelo Formation:~ Using the heavy minerals
as horizon markers, it is poassible to divide the lower unit of the
Modelo formation into thres distinct divisions. Either of two methods
is employed by sedimentary psirographers for such purposce. Onme
procedure is qualitative in maturs; the other is quantitative. 1In
the first, the presence or absence of ome or more mineral species
serves as the characteristic feature of the zome. ifthen the same
minerals are presont throughout a formatiom this scheme is useless
and the quantitative method has to be resorted to. The relative
sbundance of the various mineral species in sach sample is determined
by grain counts of representative fractions of their heavy mineral
erops. A definite proportional relatiomnship between several minerals

may serve as the criterion for the recognition of a particular zone.
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A study of the histograms om plate 1, which show the mineral
proportions, ¢learly indicates that here the quantitative relationsa
among the mimerals would be ussless as zome markers. There is far
too much wariation among the proportions of the mimerals in any onme
sandstone memher. Three divisions may be made however, on the basis
of the presence or sbsence of characteristic minerals. Ths basal
zons of the Modelo, which includes only one sandsione member, is
characterized by the presence of an abundance of tourmmlinme eorystals,
except where it overlies the Topanga formation. The intermediate
sone is marked by an abundance of hornblende and spidote and the
notable absence of tourmaline. It includes several sandstone members.
The upper division is distinguished on the basis of negative evidence,
namely an ahbsence of tourmalime, hornblende, and epidote in signifi-
cant amounts.

The absence of tourmaline iu the lower zome of the liodelo, where
it overliea the Topanga formation, may be explained in two ways. It
will be observed that on the geologic map the lowest sandetone member
of the iodelo formation is separated from the underlying Topange rocks
by a wedge of shale. It appears quite probable , judging from the
localities at which tourmaline 1s present in the Modelo formationm,
that the Senta lionica slate amd perhsps the Cretassous Chico sediments
are the sources of the tourmaline. One line of reasoning therefore
asuggests that the absence of tourmaline from the eastern exiremity of
the lowest sandstome member is the mormal result of its higher strati-
graphic position in the geologie column; and that in the inmterval prior
1o its deposition, the slate and Cretaceous rocks had become completely

submerged and protectively blanketed by the sea. The wedge of shale
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underlying the sandstoms in this locality tends to confirm the idea
that this portion of the basal sandstons is elightly youmger in age
than the rest of the member.

A second explamation for the absence of tourmelinme may lie in
the action of currents. A ocurrent sweeping toward the west could have
prevented tourmaline, which was being furmished by the slate areas,
from being carried toward the sast onto ithe Topangs rocks.

The writer belisves that the former explanation 1s the more
probable one and that the process was ome of progressive overlap by
the 8sea fron t& central portion of the basin toward Topanga rocks
to the east.

Although the three zones are well marked within the regios
studied, tﬁs writer is very skeptical regarding their extemsion into
the lodelo of the Santa Clara Valley anrd wesiers Santa Monica
Mountaius unless procautions are taken to recognize variatioms in
the mineral composition of the sediments aleng their strike. The
writer believes that the minmerals whizh serve as zone markers in
the region here described were derived from local rocks (Topanga and
Santa Momica slate) and that therefors it will be mecessary to
discover new markers in the regiom to the west and morthwest. The
reasons for this will be clearer after the paleogsography durisg
lower lodelo time has dbeen discussed.

Paleo aphic itions Durimg Modelo 1= It will de
observed from an inspection of the geologic map that the Modelo,
with which the writer worked, apparently lay almost entirely within

a small basin flanked on the east and west by rocks of Topanmga age.
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1 in his report on the geology of

This basin is mentioned by Hoots
the eastern part of the Sanmta Momiea Mountains. The geologic columns >
on plate I. arlso indicate iis presemce by changes in the thickness
of ths sedimenis. It is obvicus that the ceuntral part of the basin
which had the Santa Monica slate for its floor was in existance from
sarliest Modelo time. It is questionable however, whether the
Topangs rocks on the east and wesi flanks of the basin were mot
uplified dwring Modelo time.

The heavy mimerals serve as an oxcellent key for deciphering
the geologieal events of ithis bygone age. In early iodelo time tha
sea enoroached upon the land, reworking the material over which it
passad. Apparently it spread rapidly and covered 5, large portion
of the OSantn Monica Mountains in a relatively short pericd. This is
attested to by the comparatively limited tlxic!;ness of the basal
graywacke., The graywacke, so called by Hoots, "is commonly 20 to 30
feat thick" 3and is composed almast. entirely of angular fragments of
slate which give it a dark gray to black appearasce. Judging from the
absence of slate fragments in the sandstone members abeve the basal
graywacks, it appears that the sea covered all of the Santa Monieca
slate and protected it from the agents of erosion very early in
Modelo time.

1. Hoots, H.¥., loc. cits, P 104,

2+ The geologic columns wore constructed from measurementas taken
from the geologic map inr conjunction with auxiliary data on the
on the attitudes of the beds which the writer Imd gathered.

3. Hoots,Haliey, l08s Gliay pe 104
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The abgence of hornblende in the basal ssndstome also polmis teo o
surface of low relief which was rapidly inundated by the liodelo sea.
The Topanga formation is known to comtain large quantities of horm-
blendel and although it must have been exposed during early Modelo
time, for Topanga rocks lie directly bemeath the liodele formationm,
it yielded no sedimemts. Apparently the relief of the Topunga swrface
was 8c low that ithe sea spread over it rapidly without auy tendency
to cut. In brief, the evidonce, as pressuted by the limited thickness
of the graywacke and the absence of hornblende in the lowest sandstone
member of the Modelo formation leads to the conclusicn that the
topogruphy of the region in eé.rly Hodelo time was probalbly im a late
stage of the cycle of erosion.

An examipation of the heavy minerals from the sescond sandstone
member above the base of the Modelo leads o some very interesting
eonclusions. Samples taken in it from east fo west at loculities
Sﬂa gy 534-3., and Sﬁz-d«z show an abundanse of bornblende and eplidote,
ané in addition a striking latersl variation in the abscluie abundance
of the heavy minerals. Uee figure 2. Clearly therc is & greater
abundance of the heuvy minerals at the extremities of the sandstone
reof, whers it lies close to the Topange rocks, than in its middle
portion. The Topanga formstion is known to coutain horablende and
epidote; this, coupled with the singular lateral variations in the
abundance of the heavy wminerals, suggests a basin of deposition with

Topanga rocks on its eastern and western shores.

1. fbota,ﬁ.?f., loc,. eit-, P 85. :

4 sample collected by the writer in the Topanga formation at the
head of Beverly (len Canyon yielded a large erop of heavy minerals
containing 99% hornblende.



25.

Figure 2.~ Ilustrating lateral variationms in the
absolute abundance of several minerals from the
lowest sandstone member of the intermediate
tone. Localities are plotted along the abscissa
apprgximately proportional to the imtervening
distances. Note the diminution in the
abundance of the minerals toward the central

portion of the sandstone reef.
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It might be suggested ibat the large granitic rock mase directly
to the east could have furnished the horamblende and epidote to the
Modelo sandstome. This is a possibility worthy of consideration,
Optically, it is impossible to distinguish the hornblende which cceurs
in the granits frow that found im the Tepanga and Meodslo rooks,
Assuming however that the granite mase is responsible for the horm-~
blende and epidote that occur im the intormediate zons of the Modelo
formation, it is difficult to rationally sxplain the incresse in
absolute abundance of these minersls from the centiral portion of the
zone toward its western extremity. It sesoms therefore that alithough
the granite mey have stood high on the euat side of the basin, on the
wost side, Topanga rocks had been elevated. The evidence exhibited
on the geologic map such gs Lthe thinning of the Medelc formetion
end the termimating of the sandstone members toward the enstern
contact betwesn the Modelo and Topanga formations supports the belief
that the sastsrn shore of the Hodelo besin wus alao composed of
Topanga rocks. This does not nregats the poasibility that the granite
mass was also elevated and shed mmterizl inlo {be basin.

If then, rocks of Topanga ege and/or the granite mass furmished
the horamblande and epidote, it mesns that they must have been elevated
above the sea during the interval between ths deposition of the basal
graywacke and the sandstons member immediatisly abeve it. This
elevation was very probably a consequenece of diasstrophic movements
which osecurred along the Benedict Canyon fault and the fault which
euts across the head of MHandeville Canyon.

Thers is a gradual diminution in the absclute sbundange of the

hornblende toward tho top of ths section, until in the upper zone
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it is absent or present in only insignificant amounts. See figure 3.
This may be rationally interpreted as evidence for the gradusl erosiom
and lowering of the Topanga recke and their fimal submergence beneath
the sea by upper Modelo tims. A decreass in mineral abundance toward
the top of the ssction is not confined to hormblende, but is cemmﬁn
to all of ths other heavy mimersls with the possible exception of
titanite, end suggests s sea gpreading outward im all diresctions from
the basin or a land surface passing into the old age stage of the
eyele of erosion.

Jf the datz have been interpreted correctly and the shore-
lines which havs been proposed were in existance during lowsr Modelo
timey, then the sediments of the lower unit of the iodels formation
in the “zntz Monica Mountnins wmy safely be considered ss baving
been deposited in the weters of a shallow sea,.

Significnunse of Variations in Absolute Abundence of Heavy
Wineralge~ Some very significent and interesting information bhas
been secufed a8 & result of studying the variatioms of the absolute
abundance of the heavy mimerals. From the data, it appears that
there is a iistinet and rnoticeable inerenss in the abundence of the
minerals toward their source. The significance of this is that it
appears to be possible, from studies of the heavy minerals, te
establish with a considerable degree of certainty the poaitions of
ancient shorelines. This is especially intercating in view of the
fact that in this investigation no clues to the position of shore-
lines could be secured from textural studies.

Hackie in an article discussing the distribution of particles of

heavy mimerzls in sediments pointed out ths tendency for peripheral



Figure 3.~ Ilustrating the vertical variation inm absclute
abundance of hormblende in the Modelo formation.
The percentage of hornblende bas dropped to zerc at
locality SRy-b-3. Localities are plotted aloag the

abscissa schematically and mot to scale.
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deposition of large and beavy gruins of minerals thus: “"Heavy wminerals
of bigh specific gravities, or that are prone to persist as large
grains, show a tendensy {0 occur in relative abundance in peripheral
positions in the various areas of deposit, and to be scanty or

altogether absent from beds occupying a more central position."l
Despite this published statement, little use has heen made of this

apparently significant feature of minmeral distribution in studles of
paleogeography.

It has been tacitly assumed by mmny geologiste that the texture
of material which is being deposited in & body of water gradually
becomes finer as the distance from the shore imersases. Observations
of sediments now belng deposited on the continental shelves have
proved the erronmeousness of this aBaumption.z It is mot at all
unusual for muds and silts to be deposited close %o shore in regions
where sands occur farther out., It scems that currenmts are more
important agents in determining the texture of sediments than is
proximity of land. Since textures are umreliable as indicators of
shorelines, it was of much interest to learn that heavy minerals
could be used for this purpose, apparently with reliability. The
writer believes that this ie a point worthy of further investigation.

Summary

In summary, it may be stated that the sandstione members of the

Modelo formation on the morthern flanmk of the sastern portion of the

Santa Monleca Mountains are characterized by a uniform texture haviag

1. Mackie, Wm., The Principles That Regulate the Distribution of
Particles of Heavy Hinerals in Sedimentary Rocks, Trans. Edin. Ceol.
S0¢., vol. 11, 1923, p. 151.

2. Shepard,F.P., Sediments of the Continental Shelves, Bull. Geol.
soel M“‘., wl. 43’ 1932’ ppo 1017"1040.
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Figure 4.- Illustreting lateral variations im the
absolute abundanse of the hesavy minerals in a
sandstone member of the upper gtone. Observe the
variations in the relative proportions among the
‘minorals from one locality to another. Observe
also the general imcrease in the abundancs of the
minerala toward the eastern and western
extremities of the reef.

lLoealities are plotted along the abscissa

roughly proportional to the intervening distances,
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Figure 5.~ INlustrating lateral variations in the adsclute
sbundance of the heavy mimerals im the basal sand-
stone of the Modelo formation. Whers the ocurves are
broker at the 1% ordimate, the abundance has dropped
below .5%. Observe the inmcrease ia tbe abumdance
of garast, zircom, and ilmenite, toward the eastera
and weatern extremities of the reef and the variatioss
of the relative proportions amoug the minerals from
one locality to amother. Observe also the rough
parallelism between the curves for tourmaline and
titanite which suggests that they may have a coumon
source differeat from that of the other three
minerals.

The distances betwsen the localities plotted

along the abscissa are not {0 seale.
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a maximum which fa11§ sither between the sizes 1/2 to 1/4 or 1/4 to
1/8 mm., and that the lower unit of ihe Modelo in this region is divis-
ible into three zomes on the basis of heavy mimerals. BRapid and wide
flustuations in the proportions among the heavy minerals were found to
oceur within single sandatone members imdicating the futility of
attempting correlations in this region om the basis of mimeral
proportions. The absance or presence of distinmetive minsrals were
therefore used as criteria with which to distinguish the various zomes.
The basal division was characterized by the presence of tourmaline;
the intermediate one by the presence of hornblende and epidote; and
the upper zome by the absence of tourmaline, hornblende, and epidote.
A new method for indiscating absolute sbundanee of heavy mineral |
specles was employed here for the first time. Disgtinet and
systematic variations in the abundanes of mimerals along the strike
of the beds were disclosed. These variations were strongly suggestive
of former shorelines and sources of sediment and have led the writer
to believe that studies of the absolute abundance of heavy minerals
may be found teo yield far more informatlion regarding ths proximity
of shorelines than can be secured from textural studies.
Considerations of the heavy wmimerals with regard to paleo-
geography point to a surface of low relief, during the opening of
$he Modelo epogh, which was rapidly submerged by an encroaching sea.
Subsequently, diastrophic movements occubred which slewated the
margins of an already nasceat submarine trough im which an
imposing thickness of Modelo sediments was later deposited. By
upper liodelo time the land masses bordering the basin had been

worn down and once more the sea had transgressed over the land.



