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The Geologic Setting of Santa Monica and San Pedro
Basins,

California Continental Borderland

D.S._SLINE

Departmentof Geologica,/Sciences
Un__.ersi:yof SouthernCaliYornia

Los Angeles.C_'_fornia90089-0740

Abstract - The Californ/aContinentalBorderland'spresent

configurationdatesfrom about4 to 5 X 106 yearsBeforePresent

(B.P.)and isthemost recentof severalconfigurationsof the southern

Californiamarginthathave evolvedafterthe NorthAmerica Plate

over-rodethe EastPacificRiseabout30 X 106 yearsago.The present

morphologyis a seriesof two to threenorthwest-southeasttrending

rows of depressionsseparatedby banks and insularridges.Two
innerbasins,SantaMomca and San Pedro,have beenthe siteforthe

Departmentof Energy-fundedCaliforniaBasinStudy(CABS).

SantaMonica and San Pedro Basinscontainpost-Miocene

sedimentthicknessesof about2.5 and 1.5km respectively.During

the Holocene(pastI0,000years)about I0-12m have accumulated.

The sediment enteredthe basinby one or a combinationof

processesincluding_cle in.fall(masniyas bioaggregates)from

surfacewaters,from nepheloidplumes (surface,mid-depthsand

near-bottom),from turbiditycurrents,mass movements,and to a

very minor degreedirectprecipitation.

In SantaMonica Basin,dunng the lastcentury,pa_-t.icleinfall

and nepheloidplume transporthave been the most common
processes.The formerdominatesIn the centralbasinfloor in water

depthsfrom 900 to 945 m, where a characteristicsilt-claywitha

typicalmean diameterof about 0 006 ram, phi standarddeviationof
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Teng, 1989).This region extends900 km northwest-southeast,with a

maximum width of 2.50 km at about the international U.S./Mexico

border (Emery, 1960; Gorskine and Teng, 1989). Two to three

parallel rows of insular ridges and banks aligned northwest-

southeast, separate 23 deep closed basins (Table I). There are 15

basins in the Borderland north of the international border (Gorsline

and Teng, 1989). These northern depressions and their dimensions
are listed in Table I.

The U.S. halfincludesa totalsubaqueousareaof about 70 X

103 km 2 of which approximately15% is basinfloor(Emery, 1960:E.

Trosper,unpublisheddata).In additionto the activesediment-

receivingbasins,fivebasins,filledin latePtiocenetime,form the

presentVentura, Los Angeles-San Gabrielcoastalplainsand are
themselves sediment sources.

I.I.2.O_#ins.The Borderlandis the most recentbathymetric

expressionof continuing major crustalplateinteractionsthatwere

imtiatedin OLigocenetime,about 30 X 106 yearsBeforePresent

(B.P.),when the North American Plateoverrodethe East PacificMid-

ocean Ridge (At-water,1970;Teng, 1985).As a result,large-scale

lateralshearingmotions were generatedm the leadingedge of the

advancing North American Plate.

The present generalexpressionof the Borderlanddatesfrom

the end of Miocene time,about4 to 5 X 106 yearsB.P. This

morphology was initiatedwith riftingin what is now the Gulf of

Californiaat about5-6 millionyearsB.P. That riftingcausedthe

lateralmotion of blocksforming Baja Califormato the northwest.As

thatlargescaleshiftingdeveloped,a portionof the original

continentalmargin south of the presentBorderlanddrifted

northwest,with rotationof secondary blockswithinthe larger

terrane,to itspresentpositionoutboard of the adjacentoverlapped

margin segment ( Kamerlmg and Luyendyk, 1979;Crouch, 1979,

1981: Teng, 1985).The basement rocks of the Borderlandare

"granitic"and "subductioncomplex" typesrespectivelyin the

2



bull'seye isopachpatternas seen in radiographsof the centralbasin

sediments.Bottom watersgenerallycontainabove 0.2 ml/L dissolved

oxygen. Bottom infaunaand epifaunaare sparse.

Centralbasinfloorsediments (waterdepths of greaterthan

800 meters)of San Pedro Basin have texturalcharacteristicssimilar

to thoseof Santa Monica Basin with distalbasinfloorsurficial

sedimentsdepositedprimarilyby particlein.falland nepheloidflow

at the presenttime. Mean diametersof about 0.006 rnm, phi

standarddeviationof 2, phi skewness near 0 and kurtosisof about 2

(platykurtic).Calcium carbonatecontentsaverage8 to 10 percent

and organiccarbon is about 4 percent.Contemporary sedimentation

rateshave been determinedfor only one box core, and is therefore

not representative.That rate was about 25 to 29 mg/cm2/yr for a

centralbasin floorcore near the presentdistributarymargin. Mixing

is indicatedby the data.

An importantclimaticfactoris the alternationof multi-year

wet and dry periods.Itshouldbe noted thatthe CaliforniaBasin

Study was done during an extended dry periodof low river

discharge.This undoubtedlyaffectsthe conclusionsof the study

relatedto sediment-waterinteractionsand pollutanttransportby

suspended clays.



fluidoperatingon the individualgrainsin lower concentrationflows

(turbulentfluidflows) (Middletonand Bouma, 1973).

1.3. I : Fine Particle Rcun. Fine particle infall (particle "rain"1 is

probably in great part in the form of biologically-formed aggregates

(bioaggregates) (Honjo and others, 1982, 1982), and some physico-

chemically-formed aggregates resulting from flocculation (Reynolds,

1987b). This rain of particles is continuous but at varying rates.

reflecting seasonal effects such as timing of biological blooms, rain.fall

and run-off, the incidence of strong storms or floods, and variations

in aeolian input. Bacterial degradation of aggregates in the water

column reduces fall rates of some aggregates and may reduce the

aggregatesto separategrains.The originalinfalldepositional

structuresare typicallyreworked by benthicfeedersand may not

leave evi.denceof theirexistenceexceptin anoxicbottom

depositionalsites.

1.3.2.NepheloidFlow. Turbid plumes,or nepheloidflows

(Ewing and Thorndike, 1965), enterthe depositionalsystem as slow

low-concentrationplumes (ca. I tol0 rag/L)thattend to move along

isopycnalsin the surfacelayer,withinthe deeperwater column, and

at or near the bottom (Eittremand others,1969;Drake, 1972).

Oceanographic data show that thesecome predominantlyfrom

terrigenoussourcesalong the sidesof ocean basins,and to some

extentby erosionof the sea,floorby episodicstrongcurrents,or by

storm waves in shallowwater (Ewing and Thorndike,1965; Ewing

and Connat7, 1970;Drake, 1972;Karl,1976).

These inputsvary in intensityseasonallywith maximum input

duringfloodseasonsand in wet yearsin margin areas(e.g.Drake and

others,1972; Drake and Gorsline,1973;Karl,1976).Deep-ocean

nepheloidplumes are of largerscaleand subjectto more complex

circulationvariationsin the deep ocean and at the base of the

continentalslopes(Eittremand others,1969).These very low-

concentration,fine particleplumes move with the ocean circulation.



These tatterflows are typicallyfree-grainedsuspensions,given the

generallyfinergrain-sizesof slope sediments.Canyon turbidity

currentshave accessto a wider range of particlesizesand ,typicaLly

are sandy..

Turbiditycurrentsare best viewed as a lower viscosity,

turbulent,end-member of a sequence of processesthat begin with

mass slides,and, with increasingadmixtureof water,become debris

flows,and ultimatelyfullyturbulentflows (Nardinand others,1979).

This progressionin processprobablyoccurs to some extentwhenever

slopeor canyon head sedimentmasses failand begin to move

downslope (Dott,1963; Hampton, 1972).

1.3.4.Mass A/o_.rment.Submarine mass failuresand resulting

slides,slumps and debrisflows are a geologicallyimportantprocess

set (Almagor, 1976; Lisitzin,1991).These processesare typicalof

slopes(Fieldand Edwards, 1980),and can deliverthe largestvolume

of sedimentsas singleevents(up to 100'sof km3). These events,

infrequentor rare on decadalor even centurytime scalesexceptin

very high sedimentar.ionrate areas,are thereforealso rare during

the typicalfew year lengthsof oceanographicstudies.Periodicities

of centurylengthand up to thousandsof yearsseem to be typicaltn

the borderland(e.g.Embley, 1976: Haner and Gorsline,1979;

Thornton, 1981, 1984: Emery and Uchupi, 1984).

Figure2 shows a high-resolution,acousticreflectionprofileof a

major slopeslidefrom the San Pedro mainland slope.This slide

probably occurredwithin the lastfew hundred years and may have

been triggeredby earthquakeshocks on the Palos Verdes Faultthat

cuts throughthe San Pedro Shelf.The profileshows the slideplane,

the blocky,hummocky slideand slump, and then a smooth, low-

gradientapron extendingbasinward from the edge of the slide

formed by debrisflows and turbiditycurrents.

The largestmass failuresappearto occur along passive

margins,such as the U.S. Atlanticmargin (Emery and Uchupi, 1984),
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tectonicdeformation.Outer, tow-sedimentation-ratebasins have

more irregularfloors.In thoseouterbasinstectonicrateis equal or

greaterthan sedimentationrate and the fine slowly accumulating

sediment drape the activelychanging slopesand depressions.

Santa Monica Basin has a longitudinallengthin the northwest

directionof 75 km and a m_mum width of 38 kin:San Pedro Basin

is 35 km in longitudinallength alongthe regionaltrend,and has a

maximum width of 30 kin.The totalarea of San Pedro,Santa Monica

Basin systems,includingadjacentshelvesand bank tops and the

interveningRedondo Seaknoll(Figure3) is 5470 k.rn2, 3860 km 2 in

the Santa Monica Basin systemalone. San Pedro Basinsystem also

includeshalfof Lasuen Knoll at itseasternend.

In the Santa Monica Basin system,mainland shelfincludes525

kin2 (15%), insularshelvescomprise25 km 2 (1%), bank tops to the

ridge-crestdivide and slopes(100-700 m depth range)total1270

kin2 (34%). The area of basinfloorbelow 700 m depth in Santa

Monica is 1930 kin2 (50%). Maximum depth isabout940 m.
J

In the San Pedro Basin system,mainland shelfis 300 kin2

(19%), insularshelfcomprises50 kin2 (3%), and bank tops and slopes

(100-700m depthrange)total500 kin2 (33%). Basinfloorbelow

700 m depthin San Pedro Basinis 715 kin2 (45%). Figure3 details

the bathymetry of the two basins.Maximum basindepth in San
Pedro Basin isabout910 m.

Slopes are relativelysteep.Gorsline(1991) has measured the

gradientsnormal to the slopecontoursof mainland and offshore

slopesfrom bathymetricmaps, and notes thatthe mean gradientof

mainland slopesof Santa Monica/San Pedro Basinsaverages 16o for

a range from 8-25o.The steepness variesas a functionof the

thicknessof sediment mantlingwhich tends to reduce the slope

gradient.The steepestsegments of these mainland slopesrange from

15-40o and average about 28o. The offshorebank slopeshave

average gradientsof about 23o and about the same steepest

8



.m

Schwalbach and Gorsline(1985) have discussedthe

sedimentarybudgets of the Holocene Borderl_d basins.They note

that the two major sedimentary sources are the adjacent coastal

rivers and the productive upwelIing sites of the northern coastal

margin. Both of these sources are affected by seasonal and longer

climatic cycles.

Note thatthe depositionaldata discussedin thissectionis

based on at leastcentury-tongrecordsand in largeparton acoustic

reflectiondata for the Holocene (lastI0,000 years)(Schwalbachand

Gorstine,1985).The ratesand budgetsfor the lasttwo or three

decades m the contemporarybasinsoftendifferfrom theselong-

periodvalues(Huh and others,1990; Christensen,1991).

The contemporary ratesreflecthuman interventionin stream

drainageand discharge,and are biased by relativelyshortrecord

length.They typicallyincludeonly particleinfalland not the lar_er,

geologically-instantaneous,depositionalevents associatedwith

turbiditycurrentsand mass failures.

Some earliersurficialaccumulationrate estimatesbased on

Lead-210 profilesyieldedhigherhemipelagicratesdue to use of

surfacebulk densityvaluesof 1.56 gm/cm 3 that are now known to

be too high (Malouta and others,1981; Christensen,1991).Correction

of thesecalculationsusing the measured bulk densitiesof from 1.1 to

1.2 gm/cm 3 for the surficialsediments(to I0 cm depthm core)

bring these olderestimatesinto agreement with the laterwork

(Christensen,1991).Average ratein the basinfloorhemipelagicfine

muds is 16 mg/cm2/yr for allof the studies.

2.2.I. Flur..falSouth's.Riverinputin thisregionistypically

concentratedin the winter months and particularlyJanuary and

February. In addition,longerclimaticcyclescausemajor floodsto

occur at roughlydecadalto generationalintervals.This is well

documented by the flow of the Santa ClaraRiver,the largestriverin

the region(Table2; datafrom R. H. Meade, courtesyof J.Milliman).
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Mexico. Itis evidentthatthoseare the main ten'igenoussources for

Santa Monica and San Pedro Basins.

This-has some interesting effects on basin morphology and

depositional style. Because of the southerly direction of longshore

flow and the effective trapping of much of this drift, Santa Momca

Basin is characterized bV the large Hueneme-Mugu Submarine Fan,

the largest fan in the Borderland. Offshore surface circulation and

deeper poleward slope current flow direct much suspended fine

sediment to Santa Barbara Basin and it is therefore characterized by

dormnance of fine sediment, lack of presently active submarine fans

and :elatively high accumulation rates. This leads to slope instability

and frequent mass failures.
..

2.2.2. Biogenous Source. The second largest source is the

biological production in the surface waters of the coastal ocean. This

will be documented in greater detail in other papers m this volume

but suffice it to say here that the pnncipal contributor of particulates

in dry )rears is the biogemc source.

The threeprincipalcomponents are: (I) Calcium carbonate

from foraminiferaltests,spines,and coccolithson the basinfloors,

and shellhash on the banks and outershelves. (2) Organicmatter

comes from naturaland anthropogenicsources(Venkatesanand

Kaplan, 1990),the latteralsocontributestracemetals(Chow and

others,1973; Brulandand others,1974).(3) Biogenicsilicafrom

diatoms,sponge spiculesand othertessersources. As an orderof

magnitude estimatebased on surficialanalysesof about 2000 box

coresover the Borderlandarea,about 15% of the totalsedimentis

calcium carbonate,about 3-4% is organicmatter(afterrecyclingin

the sediment-waterinterface),and 0.2-2% silica.

Schwalbach and Gorsline(1985) have estimatedthe net long-

term mean depositionof biogemc matterin the entireBorderlandto

be about 2-3,000,000tons/year(about20% of totalcontribution).

Figure5 shows the contentof calciumcarbonate in the surface1 to

12
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northern-sourcetracer,and one not typicalof the weatheringregime

in the adjacentsourceareas(Fleischer,1970).

Figur.e6 (modifiedfrom Gorsiineand Emery, 1959)is a

schematic diagram illustratingthe effectof margin topographyon
distributionof materialfrom the varioussources. Table 3

summarizes the sedimentarybudget for the Borderlandafter

Schwalbach and Gorsline(1985).The specific basinsexamined in

thisstudy are innerbasinsimmediately adjacentto the mainland

sourcesand in the northernportionof the Borderlandwithinthe

zones of major upweltingand bioproduction.

2.3. S_nificantTran_oo# Processesfor CaBS

Within the decadaltime scaleof the ()ceanographicstudies,the

occurrencesof the turbidiD' currentsand mass failureprocesstypes

are usuallyassumed to be rare exceptnear the mouths of chan_uels.

Most of the sedimentsdepositedon the basinfloorsin the past

decade have been deliveredby fine particleinfallfrom the surface

layerand from nepheloidplumes. However, withinthe top 20 cm of

sediment (roughly300 years of record),and withinthe depth of

bioturbation,we see recordsof turbiditycurrentdepositionand

probabledistaleffectsof slopefailureson a centuryscale (Thornton.

1981; Reynolds, 1987a; Huh and others,1990;Christensen,1991).

Thus, theseinfrequentprocessesdo have an indirecteffecton

sediment packing (fabric),textureand gradingwithinthe zone of

sediment-waterinteractionsof primary interestto the CaBS study

(Reynolds, 1987b).

2.4. SedimentatyF_II

Figures7 and 8, modifiedfrom Teng and Gorsline(1989),

illustratethe thicknessesof the sedimentaryfillin thesetwo tuner

basins, and the changes in volume between earlyand latepost-

Miocene time. Figure9 is a reproductionof an acousticreflection

14



turbiditycurrents,althoughat very differentfrequenciesas noted
above.

2.5.1_. Shelf Depos1:s. In Santa Momca Basin, the adjacent outer

and central Santa SIomca Shelf is covered by relict (palimpsest)

sediments and a central bedrock outcrop (Terry and others, 1956).

The inner shelf is the contemporary transport path and a offshore-

graded lenseof sand to sandy siltoccupiesthe inner4-5 km of the

shelfwith a typicalmid-lensethicknessof about 8-12 m (Fischer

and others,1983).

At the westernend of the shelfeastof PointDume, a lenseof

sediment with maximum thicknessesof 20-28 m fillsthe inner4 km

of the shelfsurface.Another seriesof thickchannelfillsare located

at the southernend of thisshelfsegment with thicknessesin the old

channelsof 20-50 m (Dahlen and others,1991).

The Oxnard Shelfhas been fiUedto the shelfbreakby Santa

Clara River and Ventura River sedimentdischargeto maximum

Holocene age tl_cknessesof almost50 m. As istypicalof most

southernCaliforniashelves,the shelfbreak is a zone of non-

deposition,and slope sedimentdrape thickensfrom the break to the

base-of-slope(Fischerand others,1983).The offshorebank top and

the Santa Cruz-Anacapa Shelfadjacentto the basin have thinveneers
of coarserelictsediments.

The adjacentmainland shelvesto Santa Monica Basin contain

about2 kin3 of Holocene sediment(10,000yrs). This compares to

about 14 kin3 in the Basinforthe same period. Santa Monica Shelf

has a largestoragecapacityand wiU continueto receivesome sands

and siltsover the periodof presenthigh sea level.Fine sedimentand

some sands will continueto pass throughto the deep environments.

San Pedro Basinis bounded by the San Pedro mainland shelf

which issimilarto Santa Monica shelfin having only an innershelf

wedge of significantHolocene depositionand a largelyrelictouter

16



the middle and upper fan facies. The large levee-disttibutary

channel lobe is the present primary active distributary of the

Hueneme-Mugu submarine fan system (Figure ll).
°

The basin floor includes an area of about 700 km 2, also

corresponding to the area deeper than 800 m. The fan surfaces

(Hueneme-Mugu Fan is the dominant one although there is also a

small Dume Fan and an inactive Santa Monica Fan), comprise about

800 km 2. The fan surface is irregular and channeled and in its

upper portion includes part of the lower canyon (Nardin, 1981); a

large slide occu_es about 120 km 2 of the large fan's central surface
area.

San Pedro Basin includessubmarine fan and basinplainareas

and a ,ignificantarea coveredby a large base-of-slopeslide(note

above under mass failurediscussionand Figure2). Basin plainarea

includesabout 375 kin2 of which 65 km 2 is the base-of-slopeslide

mass; the fan, which againincludespartof the lowercanyon,

comprisesabout 160 km2. A broad, very shallowdistobutary

channeland associatedleveesextendsintothe basinplainin a very

similarfashionto the major distributarychanneland leveesin Santa

Monica Basin(FigureII).The sedimentmass of Holocene age on the

adjacentshelvesis lessthan I km 3. The basincontainsabout4 km 3

of [Iolocenesedimentwhich I have calculatedfrom acousticand core

data.

2.5.4.DisttibutaryLobes. The extended,activeleveed-

distributa_channels(distributarylobes,Figure II) presentin both

basinsare interestingfeatures(Schwalbachand Gorsline,1990).At

high sea levels,only thosecanyons which head closeto shoreand

interceptthe longshoredriftedsands and gravelsremain activeas

conduitsfor sediments(Shepardand Dill,1966).In the two basin

systems,the activecanyons are I-lueneme,Mugu, Dume, and Redondo.

All othershead at the outershelfedge, farremoved from the

contemporary coastalsediment supply.These inactivecanyons

receiveonly fine suspended sedimentsthatform a draped cover

18



periodically driven offshore by storm surges and enter the shelf

sediment prism.

SLits-and clays are winnowed out and move to the central shelf.

and beyond, in turbid plumes moving at surface, mid-water and

bottom (Karl,1976).These plumes are affectedby shelfcirculations

and progressivelydeposittheirloadson the outershelvesand slopes

and in the canyons.Storm waves rework thesefine sedimentsand

generatebottom plumes that move fine sediments fartheroffshore

Karl,1976).

Fine sedimentsdepositedon the slopesand canyon walls

become unstableeitherdue to storm wave pressures,seismic

shocks,or overloadingand/orundercutting.Slope sediment stability

is primarilya functionof slopegradientand sedimentationratem

which ratehas the major effect(Fieldand Edwards, 1980:Field,

1987).Fast sedimentationof fineparticlesleadsto low bulk density,

high water contentand low strength.In areasof very high

accumulationratesas off major riverdeltas(Coleman, 1976; Wright,

1985:Coleman and others,1988),sedimentfailson gentleslopes(Io

and tess)at frequenciesof a few yearsor less. In the Borderland,

significantfailureoccurs at roughlycenturyintervalsand longer.

periodicitieson low-to-moderateaccumulationrate slopes(Nardm

and others,1979; Thornton, 1981).

Slope failurein canyon heads and upper canyon slopesadds

fine materialto slumping sands and the accompanying admixtureof

water produces the slurriesof muds and sands thatthen flow as

turbiditycurrents(Hampton, 1972). Sediments depositedfrom

longshoredriftin activecanyon heads periodicallyslidedowncanyon

(Shepardand Dill,1966), but requirethe admixtureof mud from

slope slidesto develop as turbiditycurrentscapableof transporting

materialout to the fans and basinfloors.The conjunctionof high

ratesof sand additionto canyon heads,and increasedratesof fine

depositionon canyon slopesand subsequentfailure,is obviously

relatedto times of markedly increasedsediment input.In the inner

Z0



accuracy of the bulk density determinations for the surficial

sediments). Thus 5-I0% of the total production is stored although

there are some problems in the bottom sediment budgets.

In the central basin floor, the net sediment composition at any

point in time and space, is a function of the varying rates of

biogenous and terrigenous input. In dry years, the biogenic will

dominate;in wet yearsthe terrigenouswilldominate. The mix will

also vary depending on distancefrom each source at differentbasin
locales.

3.BASIN FLOOR SEDIMENTOLOGY

3.I.Sourcesof "Samples

The sedimentologyof the surficialdepositsin the two basinsis

based on samples collectedin earlierstudiessupportedby National

Science Foundationgrants(NSF samples)as well as box core samples

collectedduringthe C_,BS fieldstudies.The studyhas been based on

more than 300 box corescollectedover the entirebasinsystem.The

NSF cores,about 250 in number, were collectedwith a modified

R eineck-NEL box Corer equippedwith a camera system.The CaBS

samples,nearly60 in number, were collectedusingthe SoutarBox

Coreras well as the Reineck-NEL Corer.In both instances,10 XI0 cm

square subcoreswere taken for sediment analysis These

subsamplers are thin-walled,square-cross-sectionplastictubes

about50 cm tong.Subsampleswere capped and storedin a cold room

(40 C) priorto curation.

Aftersampleswere extruded, a verticalslab2 cm thickwas

cut from one side and the remainingcore was sectionedat I cm

intervalsfor lateranalysis.Earliercoreswere subsampledat a 2 cm

interval.The slab was radiographedwith a Hewlett-Packardx-ray

umt. Subsamples,storedin ziplockplasticbags,providematerialfor

textural,compositionaland archiveuse. Slabsare wrapped in plastic

film,and are preservedas a primalW archive.Afterabout I year all

samples are storeddry.
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water circulation,_yreand is presumably the area of the low mean

velocitycore of thatgyre (<l cm/sec).Hence thisarea receivesthe

finestsuspensionbottom flow.

., similarpatternexistsin San Pedro with the finestsurface

sediments along the offshoreflankof the extended distnbutarylobe
in thatbasin.Note thatallof thesesurface2 cm sedimentsare

particleinfalldeposits.Ifone looksat coresin the axisof the

dtstributarychannels and associatedlevees,turbiditesdominate

illustratingthe frequentflow of turbiditycurrentsthrough the
channel and overbank.

Looking at the group characteristicsof the sample set.several

interestingrelationshipscan be defined.Figure 13 shows the

distributionof the four basicparametersversus depth withinthe

Santa Monica Basin floor(depthsgreaterthan 750 m). Figure 14

shows the same parametersfor the San Pedro Basin surficial

sediments.Itis evidentthatbasin plainsediments(mean diameters

lessthan 0.063 mm [4 phi] ) become finerin the distalbasinplain

with mean diametersof 0.004-0.008mm (7 to 8 phi)in the finestsilt

sizes.Variationin siltcontent is the principalcontroland isa

functionof distancefrom source.In the basinplainthe active

distributazychannels are the immediate sourcesof siltsvia turbid

flows.Note thatthe surfacesediment characteristicsdescribedhere

are a compositeof 2 to 3 decadesof particlein.falland therefore

integrateindividualannual variationsinto a longerterm average
cot,dition.

3.2.3.StandardDer,)ation(Sorting).Standarddeviationabout

the mean isnot a significantfactorin definingtrendsand is

essentiallythe same for allbasinfloorsediments.This is probably

the resultof a relativelyhomogeneous silt-claysuspensionload in

the overlyingwater column.

3.2.4.Skewness. Skewness progressivelyshiftsfrom a coarse.

siltdominance to broad near-lognormal texturaldistributionsin the
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floor alone. It is clear that the system includes two distinct

populations (also see Leroy, 1981). One is the fan-basin floor

sequence, and the other is a bank-shelf sequence. In the basin floor

sequence, carbonate increases away from the fan and distributaries

to a roughly constant value of about 7-8% by weight (see Figure IS

showing basinfloorcontent).This is a reflectionof decreasing

dilutionby terrigenoussediments because of the decreasing

influenceof nepheloidand fine turbiditycurrentdepositionaway
from the distributaries.The calcium carbonatefractionentersthe

system by particleinfallin biogenicaggregates(Reynolds,1987b).

This uniformity in bulk compositionof the distalbasinfloormuds

also supportsthe conclusionthat centraldistalbasinsedimentation

ratesare roughlyconstant and thus ao variationin carbonate

contentis seen in thisdistalarea (seeHuh and others,1990;

Christensen,1991). Centralbasin accumulationratesaverage about

I-3 mg/cm2/yr dry weight.

The highestcarbonatecontentsare typicallyfound on bank

tops and outershelveswhere shellhash makes up a largefractionof
the residualand relictsediment cover.

3.3.3.Organ.tcCarbon.Organic carbon contentparallelsthe

picturefor carbonate...bothprimarilyfrom the same pelagic

source...andreachesa maximum of about 6% in the finestdeepest

sediments(Figure15).The average valuefor centralbasinflooris

about4% of totalsedimentdry weight.As is characteristic,clay

percentageand carbon percentagevary as a directrelationship.

Again, as for carbonate,the trendand patternrepresentsdecreasing

dilutionaway from the sourceby nepheloid plume finesilts.
Centralbasin accumulation ratesfor carbon areabout I-2

mg/cm2/yr dry weight.

3.4. Sedimen:,aryStructures

Sedimentary structuresin the cores are determinedfrom

radiographsof the verticalcore slabs. Figure16 shows a typical
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contributionof c_aysand siltsis undoubtedlya factorand certainly

produces detrital-dominatedlamina (Fleischer,1970' Kolpack, 1972

Drake and others,19_).

Dominance of suspended toad from wave-reworking of fine

sediment-choked shelves after big floods may also produce a 2 to 3

year terrigenous-dominated layer suppressing the annual biogemc

signal and depositing a single "varve" that actually is a multi-year

event (see Drake and others, 1972).

A studyby C. Christensen(1991)at USC usingdensitometer

scanning of radiographsand quantitativecomparison of "varves"

with radio-isotopicdatingof coresin Santa Monica and Santa Barbara

Basins,shows thatthe "varves"in thatbasinare dominated by a 3 to

4 year umt thatmatches the El Nino signal.Other "varves"represent

combined depositioneventsof up to more than a decade.Previous

visualcountingin the thickerSanta Barbaralaminae shows a fairto

good correlationof varveswith years(ibidSoutarand Crill,1977;

Emery" Hulsemann, 1962).However, it is now possiblethatthese

representthe interactionof productioncycticity,floodinputand

bottom water flushing.

Thin turbiditescomplicateallof theseanoxicdeposits.These

typicaUy have a conspicuouslyhigherrelativeopticaldensityas seen

in radiographs(Christensen,1991).When theseare removed from

the recordsin both Santa BarbaraBasin (M. Yasuda, Scripps

Institutionof Oceanography, personalcommunication),and from the

Santa Momca Basin records(Christensen,1991), the laminae

variationsin thicknessincreasinglymatch the rainfalland treering

recordsaftersmoothing these recordsusing a three-yearrunning

average.Dry year "valves"are typicallywispy and incompletein
both basins.

Itis now cleatthatthe climaticcontrolon finesediment

depositionin theseinnerbasinsisa strongone. However, itisalso
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It is evident that accumulation rates on dry sediment basis

have precisions that are more affected by the bulk density

measurement than by the age dating error (Chrtstensen, 1991). This

has lead to. some variation m the reported contemporary basin floor

partlcle tn/ail accumulation rates. Huh and others (,1990) reports

rates of about 15-20 mg/cm2/yr. Using vatwe counts (see previous

discussion of potential error) in central basin cores, I have calculated

rates of 20-40 mg/cm2/yr. Rates based on radiocarbon dating of

longer Ftston cores, high resolution seismic reflection profiling and

calculation of rates for Holocene time (past I0,000 yrs). These

approaches yield higher rates of from 40-80 mg/cm2/yr, but these

include t-urbidites and major flood nepheloid layers not typically

seen in the contemporarytop few cm in box coring.The surficialfew

cm are dominated by laminatedhemipelagicparticleinfaUin the
anoxic basinar_.as.

Itis now well documented by Christensen's(1991) inter-

laboratorycomparisonsthat the Huh and others(1990) ratesare the

best estimate.His work, and chatof staffof the Lawrence Livermore

Laboratories(K. Wang, personalcommunication),have been verified

by Christensen(1991) in an elegantanalysis thatyieldsgeneral

agreement for a contemporary average hemipelagicinfallrateof

about 16 mg/cm2/yr. For the past few thousand yeatsof pistoncore

records,thistranslatesinto a totaldeposition(turbiditesplus

hemipelagicdeposition)of 30 to 60 mg/cm2/yr.

Other factorsapply when lookingat contemporary

sedimentationaccumulations.Many of the Californiariversystems

have been highlyalteredby constructionand changes in land use.

These probablyhave the net effectof decreasingsediment discharge

to the coast. Data for the lastfew decadesseems to supportthis

decline(Huh and others,1990). Itis alsotruethatmajor floods

occur at generationalintervalsand in the past50 years only one

largeevent and a couple of minor eventshave been captured(t969

floods,1978 wet year). Century-longriverdischargeand rainfall
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records show that longer term wet and dry cycles of up to decade

length (sunspot cycle frequencies and longer) are present.

For the primary objectivesof a contemporaryocean impact

survey, we can summarize by saying that the surficial particle infall

rates are probably the best to use in budget calculations. For periods

of up to a couple of decades the influence of turbidites is not

significant in the deep basin floor sedimentation systems.

3.6..Von-bs'oturbated"Anoxic"Fa_es

In the two basins,the contrastin basinfloorsediment

characteris the presence or absenceof contemporary non-

bioturbatedlaminae preservedin the upper 0-20 cm of the basin

floorsediments.Santa Monica Basinflooris now dominatedby these

deposit;San Pedro Basin floorsedimentis bioturbated.

Examination of coresfor thisstudyrevealsthatthe surficial

basin floorsediment preservesthe originalprimary depositional
laminae. Ithas become evidentthatthe thicknessof the laminated

L sedimentzone variesover the basinfloor.The conclusionisthatthe

area of near-anoxicbottom water inhibitingthe entryof macro-

in.faunalburrowers has grown with time.

Figure17 shows an map of the Lead-210 age of the base of the

non-bioturbatedsediment layer(Christensen,1991). The original

"anoxic"bottom area commenced about350 yearsB.P. and was

restrictedto the northeasternbasinfloorsector. The actualin m'tu

layerthicknessrangesfrom about 20 cm in the oldestportiondown

to 0 at the edge of the non-bioturbatedzone. In the first50 years

thiszone expanded and occupied an area withinthe 300 year Before

Present(B. P.) contourof about 120 k.m2 or an expansionrateof

about 2.5 km2/yr Over the succeeding300 yearsthe area has grown

to about 1300 kin2 and covers_e entirebasin floorbelow about

850 m water depth.
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Santa Barbara Basin's"anoxic"area.These conditionswould suggest

thatifthereisa circulationvariation,itis affectingthe deep basin
, waters south of the Northern Channel island barrier, but not the

Santa Barbara Basin whose controlling sill faces directly into the

California Current System. Since the bottom water entering Santa

Monica and San Pedro Basins has a much more complicated and

longer pathway to follow, it may integrate longer period oceanic

circulation effects. In Santa Barbara, _,e open access to the Califorma

Current must yield a much stronger annual signal.

San Pedro Basinis not presentlyanoxic and surficialsediments

are bioturbated.San Pedro Basin has alsobeen a dumping sitem

the past for drillingmud and cuttings,but theseindividualvery

short-terminputsdo not appear to have been sufficientto

significantlyalterthe bottom water oxygen content. In fact,such

dumps would tend to bring oxygenatedsurfacewater to the bottom

in the high concentrationturbid dumps.

Hickey (in._)ress)has shown thatthereis a strongand

relativelysteady slopecurrentalong the upper slope and shelfbreak

in the northernBorderland.Suspensatesfrom the adjoiningmainland

shelvesare probablycaught up in thisflow and passesintoSanta

Monica Basinfrom thesesouthernslopeareas.Thus Santa Monica

basinprobablycollectsmaterialfrom a much largerarea than the

immediate environsof Santa Monica Basin.Santa Monica Basinmay

thus serveas the sump for a much largertributaryarea of the deep

Borderlandcirculation.San Pedro Basin may, in fact,be bypassedby

much of thismaterial.

The "natural"biologicalproductionsystem in the area is

presumably operatingon a higher nutrientinputthan in natural

conditions(pre-europeanentry).Thus some of the drawdown in

Santa Monica Basinmay not be evidencedby biologicaltracers,yet

be stronglyinfluencedby such factorsas shiftsin land use to

agricultureand subsequentlyto urban use. An analysisof the pollen

and spore contentof the surficial20 cm of basinsedimentsmight be
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bottom water (oxygen < 0.1 ml/L)__n__nonbioturbationhas expanded

to cover most of the basinfloorbelow waterdepthsof 830 m, an

area of some 1200 to 1300 km2. The laterpartof thisexpansion

coincidesw.iththe growth of the adjacentLos Angeles metropolitan

area.San Pedro Basin is dysaerobicbut surfacesedimentsare

bioturbatedand no laminated surfacelayeris present.

5. The initiationof thisanoxicbottom water periodmay reflecta

warming shiftin globalclimatefollowingthe declineof the LittleIce

Age. Itis suggestedthatthe taterphase (past150-200years)of the

declinein bottom oxygen contenthas been amplifiedby changes in

dischargeof the naturaldrainagesand of the risein oxygen-demand

due to increasinganthropogenicinput.
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largeterrigenousinputfrom coastalriverstrappedby

bathymetry.Centralbasinsreceiveminor suspended
tem'igenousload and biogenous Load.Outer basinsreceive

essentiallyoceanic hemipe_agicparticulatesdominated by
CaliforniaCurrent transport.

Figure 7- Santa Momca BasinPlio-Pleistocenesedimentfillbased

on seismicreflectionprofilingdata courtesyof Union Oil
Company of California(Teng,1985).At typicalacoustic
velocityof 1800 m/sec in deepersediments100 msec of

two-way _avel time is approximately100 m thickness
for rough estimateof depth of flU.

Figure 8- San Pedro Basin Plio-Pleistocenesedimentfillbased on

seismicreflectionprofilingdata courtesyof Union Oil

Company of California(Teng,1985).Depth of fillcan be
approximated as I00 msec two-way traveltime equals
I00 m thickness.

Figure9- Seismicprofileof Santa Momca Basincourtesyof Union
Oil Company of Califomn.ia.One secondof two-way travel

time is about 1 km thickness.The lower figureshows
interpretationof acousticreflections(afterTeng, 1985).

Figure 10-Sedimentary environmentsbased on acoustic_ofiling
(afterNardin, 1981).The interpretationis based on the
characteristicsof the acousticechos in reflectionseismic

sections.Compare with the side-scandata in Figure 12.

Figure 11- Distributa_channelsand leveesin Santa Monica and San

Pedro Basinsbased on GLORIA largescaleside-scandata
from Extended Economic Zone ScientififcStaff(1986).

This map is based on the acousticreturnfrom the
"surface"sediments.Actual sound penetrationby the

high energy source may combine reflectionsfrom upper
few meters of the substrate.

Figure 12- Mean particlediameters(phinotation),for top 2 cm of
Santa Monica Basin bottom sediments.Compare with
Figure 12.
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TABLE I" Basin dimensions (After Emery, 1960; Doyle and
Gorsline, 1977).

BASIN Width Length Depth Area DeepestStli
Km Km M Km2 M

Santa Barbara 27 54 615 825 468
San MigueI 10 18 1380 100 1230
Santa Cruz 36 80 1935 2225 1067
Santa Monica 36 72 925 2255 725
San Pedro 27 36 898 819 72:5
Patton 9 27 1300 160

Tanner 36 108 1526 1577 I146

San Nicolas 54 90 1803 332 7 1089
Santa Catalina 36 90 1335 2676 966

San Diego Trough 27 108 1350 1350
Long 14 80 1908 103 6 1670
West Cortes 18 72 1768 125 7 1340
East Cortes 27 63 194 7 1320 1594

Velero 36 72 2530 1640 1872
San Clemente 36 108 2074 1865 1787
No Name 18 36 1885 380 1530
Outer 27 80 2050

Animal 27 130 2020 1920
Co Inert 45 140 2280 2100

Soledad 54 125 3200 2290
San Quintin 80 220 2900 2290
San Isidro 18 70 1600

Blanca 15 25 1865



TABLE 3" Averlge annual volume of terrigenous

deposition X 106 t/yr for California Borderland
(from Schwalbach and Gorsline, 1985).

BASIN Volume Percent of

(X 106 tJyr) Total Deposition

Santa Barbara 2 04 2 0
Santa Momca 1 19 12
San Pedro 0 31 3

Santa Cruz 0 37 4
Santa Catalina 0 21 2

San Nicolas 0 25 2
Tanner 0 07 0.6

Long 0 09 0.8
Velero 0.04 0.3
No Name 0 03 0.2

Cortes(West+East) 0 16 2

San Diego Trough 0 14 1
San Clemente 0 16 2

Slopes 0 65 6
Shetf 3 00 2 9
Southern Borderland I 50 I5

TOTAL I0.21 100
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Largeterrigenousinputfrom coastalriverstrappedby
bathymetry.Centralbasinsreceiveminor suspended
terrigenousload and biogenous load.Outer basinsreceive
essentiallyoceanic hemipetagicparticulatesdominated by
CaliforniaCurrent transport.

Figure 7- Santa Monica BasinPlio-Pleistocenesedimentfillbased

on seismicreflectionprofilingdata courtesyof Union Oil

Company of California(Teng, 1985).At typicalacoustic
velocityof 1800 m/sec in deepersedimentsI00 msec of
two-way traveltime is approximately100 m thickness

forrough estimateof depthof flU.

Figure 8- San Pedro BasinFlio-Pteistocenesedimentfillbased on

seismicreflectionprofilingdata courtesyof Union Oil

Company of California(Teng, 1985).Depth of fillcan be
"" approximated as I00 msec two-way traveltime equals

100 m thickness.

Figure9- Seismicprofileof SantaMonica Basincourtesyof Union

Oil Company of California.One secondof two-way travel
time is about I km thickness.The lower figureshows

interpretationof acousticreflections(afterTeng, 1985).

Figure 10-Sedimentary environmentsbased on acousticprofiling
(afterNardin, 1981).The interpretationis based on the
characteristicsof the acousticethos in reflectionseismic

sections.Compare with the side-scandata in Figure12.

Figure II- Distributarychannelsand leveesin Santa Monica and San
Pedro Basinsbased on GLORIA largescaleside-scandata
from Extended Economic Zone ScientififcStaff(1986).

This map is based on the acousticreturnfrom the
"surface"sediments.Actual sound penetrationby the

high energy source may combine reflectionsfrom upper
few meters of the substrate.

Figure 12- Mean particlediameters(phinotation),foc top 2 cm of
Santa Monica Basinbottom sediments.Compare with

Figure 12.
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