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To the Reader:

The Department of Boating and Waterways, as part of a continuing
program for protection of' the California shoreline from erosion,
supports studies and investigations which provide necessary
information for beach nourishment and shoreline processes.
Particular priority is given to investigations which will lead
directly toward solutions to shoreline problems now facing
Cali fornia.

The Department contracted with the University of Southern
Cali fornia, Department of Geological Sciences, to inventory
potential sand and gravel sources located within offshore
coastal areas from Point Dume, Los Angeles County, to the
International Boundary with Mexico. This investigation
locates and delineates deep sediment areas with a combination
of seismic reflection profiles and extensive vibracore data
to define stratigraphic horizons, mechanical and textural
properties of the material. These proposed future ocean
borrow sites will provide abundant sources of sand to replace
upland sites that are vanishing because of changing land use.

These data will provide coastal engineers, planners and marine
geologists with detailed information on offshore sand and gravel
sources as well as enhance their knowledge and understanding of
the quantity and quality of sands available for beach nourishment
along the Southern California coastline.

WILLiAM H
Director
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INTRODUCTION

Rationa/e

Southern California continues to grow in population and economic

strength. Projections for the next decade suggest these trends wi11 continue.

Careful planning is required to preserve the region's natural beauty and to

systematically develop natural resources whose sources, in many cases, already

are heing greatly strained.

Sand and gravel are primary resources used in many phases of construction

as well as in the maintenance of southern California's invaluable beaches and

harbors. Although California has led the nation in the production of sand

and qravel since 1947, deposits of saleable-grade material available under

present political and economic conditions are rapidly becoming depleted. The

sand and gravel needs of the construction, road-building,

facilities-maintenance, and specialty sand industries and agencies can be met

by:   I! changing zoning regulations to permit known deposits to be exploited

and/or exploring for new sand and gravel deposits, taking commensurate care to

evaluate the qeological, socio-economic, environmental and legal aspects of

exploitation. The fi rst alternative can be undertaken only if such deposits

can be developed without imposing substantial socio-economic problems or

environmental hazards to adjacent property owners. Additional considerations

would be whether areas mined could be rehabilitated in an environmentally

acceptable manner, and whether adequate relatively low-cost reserves would be

available for long-term local needs.

Since many land-based sand and gravel deposits are lost to competing land

users and mining of these deposits is generally opposed by urban communities,

the feasihi lity of mining offshore sand and gravel deposits deserves



attention. Furthermore, many of the potential sand and gravel sources are

located partly or who1ly within offshore coastal areas.

Potential offshore sand and gravel resources of the inner continental

shelf can help to alIeviate transportation costs as well as provide

large-scale supplies. For example, barges could t ransport 1arge supplies at

relatively low cost to distribution points along the enti re southern

California coast. Of particular importance to this report is the fact that

qeo1ogists and engineers agree that offshore sand supplies are the only

practical long-term source for the nourishment and restoration of beaches and

harbors experiencing erosion. One can envision the ideal situation involving

the recyclinq of sand from offshore sinks back to the respective depleted

beach.

Economic considerations concerning offshore sand and gravel mining in

southern California are presented in Spindt and Mead �976!, Mokhtari-Saghafi

and Osborne �98Oa, 1980b!, and Evans and others �982!.

Project History a nd Purpose

The U.S. Army Corps of Engineers working through its Coastal Engineering

Research Center in cooperation with the Los Angeles District, SPD, conducted a

sediment and shallow structural survey of the inner continental shelf of the

southern California borderland during June and July 1974. The principal

objectives of the 1974 survey were to determine the character and map the

extent of sand deposits on the shel f that are suitable for beach restoration

and nourishment. The 1974 survey made it possible to identify a number of

potential borrow areas on the Oxna rd, Santa Monica and San Pedro shelves as

reported in a draft copy of Preliminary "iiuick tone k" ~Re ort on Offshore Sand

Resources in Southern California prepared by the Coastal Engineering Research



Center.

The present sand and gravel inventory was initiated by the Sedimentary

Petrology Laboratory at the University of Southern California during October

1978, and should be viewed as a cooperative effort among the following

institutions and agencies: California Department of Boating and Waterways

 formerly Department of Navigation and Ocean Development!; California State

Lands Commission; U.S. Army Corps of Engineers, Coastal Engineering Research

Center; U.S. Department of Commerce, NOAA Office of Sea Grant; University of

Southern Cali forni a, Sea Grant Institutional Program; and Cali fornia State

I Ini v e rs i ty at No rt hri dge.

The present study area extends along the inner continental shelf from

Point Iiume at the northwestern extreme of Santa Monica Bay to the

international border with Mexico  Fig. 1!. This area will be discussed in

terms of eight major divisions, which are from north to south: I. Santa

Monica Ray, Los Angeles County; II, San Pedro Bay, Los Angeles and Orange

Counties; III. the Dana Point area, Orange County; IV. the Oceanside area, San

Diego County; V. Oceanside to La Jolla Area, San Diego County; VI. the La

lol la Area, San Diego County; VI I, the Mission Beach Area, San Diego County;

and VI I I. San Di ego Bay, San Diego County  Fig� . 1! . Unfortunately

fluctuating funding levels and markedly escalating costs during the

performance period resulted in uneven coverage in these eight divisions. For

example, although related to the 1974 survey completed by the U.S. Army Corps

of Engineers in Santa Monica and San Pedro Bays, this study substantially

di ffers in the sense that it is directed toward detailed sedimentologic

analyses of site-specific borrow areas in these two bays. Farther south,

however, high-resolution seismic coverage and vibracore localities are more

sparse, thus reducing the available information concerning site-specific

borrow areas.



Figure l. Index map of southern Cali fornia showing locations of areas I
throuqh VII!.



The primary purpose of this report is to identi fy, locate and

characterize site-specific borrow areas for sand and gravel, which occur on

the inner continental she'ff of southern California. Ancillary objectives,

which are not developed in this report, are to examine the quaternary

stratigraphic and structural history of the inner shelf, to examine the

sediment dispersal systems and depositional environments of Quaternary

stratigraphic units, and to determine the nature of the provenances for these

sedimentary strata.

Although considerable data is presented in this report, more detailed

information is provided in sets of Appendices A through D, which have been

reposited with the following institutions and agencies: t!niversi ty of

Southern California, Sedimentary Petrology Laboratory and Sea Grant

Institutional Program; California Department of Hoating and Waterways;

California State Lands Commission; and the U.S. Army Corps of Engineers,

Coastal Engineering Research Center. The title and pagination for each volume

is listed below, and the Table of Contents for each volume i s included as an

appendix in this report  Appendices A through D!.

Appendix A. Vibracore Logs and Sediment Descriptions, 222 p.

Appendix R. Results of Sediment Grain size Analysis, 979 p.

Appendix C. Cumulative Frequency Curves for Sediment Samples, 1000 p.

Appendix D. Results of Petrographic Modal Analysis, 48 p.

In addition to the availability of sets of Appendices A through D, the

California Department of Boating and Waterways is planning to publish a set of

?7 associated maps at a scale of l:24,000. The titles of these maps are

1 i sted in Table l.



Index of I: N,000 scale maps.

Location of Tracklines, Area I, Santa Monica Bay, Los Angeles
County, Point Dume to Marina del Rey.

Location of Tracklines, Area I, Santa Monica Bay, Los Angeles
County, Marina del Rey to Pal os Verdes Peninsula.

Vibracore Locations and Suitability of Recovered Sand, Area I,
Santa Monica Bay, Los Angeles County, Point Dume to Marina Del Rey.

Vihracore Locations and Suitability of Recovered Sand, Area I,
Santa Monica Bay, Los Angeles County, Marina del Rey to Pal os
Ver de s Pe ni ns ul a.

Isopach Map of Holocene Strata, Santa Monica Bay, Los Angeles
County, Point Dume to Marina del Rey.

Isopach Map of Holocene Strata, Santa Monica Bay, Los Angeles
County, Marina del Rey to Palos Verdes Peninsula.

Isopach Map of Potential Borrow Areas BIV and BV, Area I, Santa
Monica Bay, Los Angeles County, Point Dume to Marina Del Rey.

Isopach Map of Potential Borrow Areas BI through BIV, Area I,
Santa Monica Bay, Los Angeles County, Marina del Rey to Pal os
Verdes Peninsul a.

Location of Tracklines, Area II, San Pedro Bay, Los Angeles and
Orange Counties.

Vibracore Locations and Suitability of Recovered Sand, Area ! I,
San Pedro Bay, Los Angeles and Orange Counties.

Isopach Map of Holocene Strata, Area II, San Pedro Bay, Los Angeles
and Orange Counties.

Isopach Map of Potential Borrow Areas, Area II, San Pedro Bay, Los
Angeles and Orange Counties.

Vibr acore Locations and Suitability of Recovered Sand, Area I! I,
Dana Point, Orange County.

Location of Tracklines, Area IV, Area V, and Area VI, San Diego
County.

Location of Tracklines, Area IV, San Diego County.

Location of Tracklines, Area VII and Area VIII, San Diego County.



Table 1. Index of I:24,000 scale maps, continued.

Vibracore Locations and Suitability of Recovered Sand, Area IV, San
Diego County.

17.

Vibracore Locations and Suitability of Recovered Sand, Area V and
Area VI, San Diego County.

vibracore Locations and Suitability of Recovered Sand, Area VII and
Area VIII, San Diego County.

Iq

70. Isopach Map of Holocene Strata, Area IV, San Diego County.

Isopach Map of Holocene Strata, Area IV and Area VI, San Diego
County.

Isopach Map of Holocene Strata, Area VII and Area VIII, San Diego
County.

22.

Isopach Map of Potential Borrow Areas, Area V and Area VI, San
Diego County.

26.

Isopach Map of Potential Borrow Areas, Area VII and Area V! II, San
Diego County.

77.

Isopach Map of Pleistocene Strata, Area VI, San Diego County.

74. Isopach Map of Pleistocene Strata, Area VII, San Diego County.

2F. Isopach Map of Potential Borrow Areas, Area IV, San Diego County.



Oeiineation of Site-specific Borrow Areas

The following criteria were used to identify site-specific potential

borrow areas.

1, The deposit must occur 1n water depths not exceeding approximately

30 m, which is the current pratical lim1t for commerical

extraction. The landward edge of each potential borrow area is

restricted by the outer limit of the breaker zone, here considered

to be approx1mately 9 m. 4 number of deposits extend beyond this 9

to 30 m i sobath zone, and such occurrences are identified i n thi s

report to more completely def1ne the geologic limits of the

available target materials

2. The deposit must not be covered by more than 1 m of fine-grained

sediment, which would generate considerable turbidity during

extraction.

'3. The deposit must represent sedimentary envi ronments capable of

ye11 di nq considerable sand- and/or gravel -size material with little

fine-grained admixture. This criterion was confirmed at sites with

numerous vibracore positions and satisfactory v1bracore penetration

and recovery. Where vibracore control is sparse or lack1ng, the

suitability of the deposit was judged from seismic data and areal

qeoloqical relationsh1ps.

4. The deposit must not be too 1ndurated for dredging operations.

Inasmuch as the purpose of th1s report is to locate and characterize

potent1al borrow areas on the inner continental shelf of southern California,

associated economic, env1ronmental and legal aspects are not considered here.



I. SANTA MONICA BAY, LOS ANGELES COUNTY

Introduction

Santa Monica Bay is located west of the Los Angeles basin, and is bounded

by the Santa Monica Mountains on the north and the Palos Verdes Hil ls on the

south  Fig. ?l. Its narrow shelf is cut by the Pt. Dume, Santa Monica and

Redondo submarine canyons. Initial work on the Santa Monica shelf was

directed toward characterizing the texture and composition of surface sediment

 Shepard and MacDonald, 193R; Fmery, 1952, 1960; Terry and others, 1956!.

Handin �951! studied textural and heavy mineral trends of beach and adjacent

river samples, and additional heavy minerals analyses were rompleted by Azmon

�96D!,,judge �970!, Rice �973!, and Rice and others �976!. Light mineral

analyses of coastal and shelf sediment samples have been completed by Garsline

and others �968!, Savula �978!, Scheidemann �980!, Grist �980!, and

Dshorne and others �9RD!.

Terry and others �966! used fathogram records to map the micro-relief of

Santa Monica shelf. Fmery  lq68! employed an echo sounder to construct a

series of cross-prof'iles of the shelf, and recognized a series of submerged

marine terraces. Yerkes and others �967! were the fi rst to use continuous

reflection profiles to examine the Redondo submarine canyon and adjacent shelf

stratigraphy. Vedder and others �974!, Greene and others �976!, Nardin

�976!, Junger and Wagner �977!, and Nardin and Henyey �978! have used

various types ot seismic-reflect~on data to examine the stratigraphic and

structural evolution of the shelf. Nardin and others � 981 ! di scuss a curve

showing the sea-level changes in Santa Monica Bay over the past 18,000 years.
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Although relevant to our study, space does not permit a discussion of the

pre-quaternary geology of the Santa Monica embayment and the western } os

Angeles hasin. Important and pertinent work in the Santa Monica and San

hahriel Mountains has been performed by koots �931!, Railey and Jahns �954!,

Rirkeland �972! and Ehlig �97'5!, and in the Los Angeles basin-Palos Verdes

Hills by Woodring and others �936, 1946!, Woodford and others �954!, Poland

and others �959!, and Yerkes and others  l965!.

Methods

The present study is based on a network of high-resolution

seismic-reflection profiles taken in conjunction with a series of 51

vibracores collected from the Santa Monica shelf  Fig. 2!. A total of 608 km

of hiqh-resolution profiles �.5 kkz! were used to examine the shelf

stratigraphy. Approximately 230 km were obtained from the lJ. S. Army Corps of

Fnqineers, and the other 378 were recorded aboard the R/v Velcro Iv on cruises

between 1973 and 197R. A seismic trackline location map has been published in

0shorne and others �980! and Scheidemann �9R0!, and the California

0epartment of Roatinq and Waterways plans to publish such maps at a scale of

1:24,rl00; therefore this illustration is not reproduced in this report. An

averaqe seismic velocity of 1700 m/sec  Fischer and others, 1977, Appendix D!

was used to determine the thickness ot r!uaternary stratigraphic units in Santa

Monica Ray. All water depths are based on a seismic velocity of 1460 m/sec.

The seismic data provide a minimum visual resolution of about 1 m, and a

maximum depth penetration of 60 m on parts of the records obtained from

the k. S, Army Corps of Engineers.

The recoqnition of sedimentary strata and unconformitites, as inferred

from these seismic records, is based on the examination of primary seismic

reflections. These reflections are generated by velocity-density contrasts



across depositional or erosional sur faces  Vail and others, 1977!. Faults may

be identified where stratification or other prominent horizons have been

offset. Where a fault could not be iden'tified on more than one profile,

was drawn normal to that particular line  Greene and others, 1975, p. 50!.

Ouring March and May of 1978, 27 vibracores were collected from the inner

Santa Monica shelf  Fig. 2!. The average length of recovered core is 3.5 m,

and the maximum length is 5.7 m. Following collection, the cores were brought

to the U.S.C. Sedimentary Petrology Laboratory, and each was split lengthwise,

photographed, described and sampled while still wet. In addition. T. R.

Nardin sampled 24 vihracores collected by the U. S. Army Corps of Engineers

during 1 973. A vi bracore log and associ ated sediment description for each

recovered core is included in the forementioned Appendix A.

The identification of upper Pleistocene and Holocene stratigraphic units

in the vibracores is based on the calculated thickness of Holocene sediment

above the seismic reflection surface, thought to be an unconformity, which

presumably separates Pleistocene from Holocene strata. The boundary between

upper Pleistocene and Holocene strata was placed where an abrupt lithologic

change occurred within a given vibracore, within an error range of +1 m.

Conventional grain-size analysis by sieving at half-phi intervals was

performed on the sand population of 145 upper Pleistocene and 207 Holocene

samples from Santa Monica Bay. Sediment parameters were calculated by the

moments method. The results of these grain-size analyses are presented in the

reposited sets of Appendices B and C.

Petrographic analyses were performed on grain thin sections prepared

from the sand fraction of 79 samples from Santa Monica Bay. The petrographic



methodology is presented in Appendix 0 of this report, and the resultant data

are listed in the reposited sets of Appendix R.

Quaternary Stratigraphy

Upper Pleistocene Strata

The 0uaternary stratigraphy, associated depositional environments, and

geologic history of the Santa Monica shelf has recently been discussed by

Osborne and others �980!, and much of the following discussion is taken from

the paper. More detailed information is presented in Scheidemann �980! and

Crist �980!.

Beep penetration seismic-reflection profiles in Santa Monica Bay have

enabled several major faults to be identif~ed as well as the boundary between

Tertiary and upper Pleistocene strata  Vedder and others, 1974; Greene and

others, 1975; Nardin, 1976; Junger and Wagner, 1977; and Nardin and Henyey,

1978!. In the northern part of the hay, the offshore trace of the Santa

Monica fault zone is thought to approximately separate Tertiary strata to the

north from upper Pleistocene strata to the south. In the central part of the

bay, upper Pleistocene strata locally abut against and unconformably overlie

Tertiary strata, whereas to the south, these units are separated by the

Redondo Canyon fault.

The shelf sediment west of Marina del Rey and Venice i s primarily

composed of foreset beds which dip in a westerly di rection . Junger and Wagner

�977! recognized this thick succession of cross-bedded strata, and suggested

that these beds might be equivalent to the cross-stratif'ied San Pedro

Formation  Woodring and other, 1946; Poland and others, 1959! in the Los

Angeles basin. Rath Greene and others �975! and Junger and Wagner  I977!

suqgested that these large-scale foreset beds were formed by a

13



westwardly-prograding deltaic system during the Pleistocene. Recent work by

Bandy �972! indicates that the San Pedro Formation is less than 1 m.y. old.

Nardin �976! and Nardin and Henyey �978! suggest that these cross-bedded

strata are equivalent to the San Pedro Formation and unnamed upper Pleistocene

deposits described along the adjacent coast by Poland and others �959!. The

offshore extension of at 1east the San Pedro Formation is further suggested by

the recent influx of marine water into this unit  Poland and others, 1959!.

Nardin and Henyey �978! argue that these inc1ined foresets are undeformed,

thus they represent the original depositional dip of a westerly-prograding

sedimentary sequence deposited during late Pleistocene time.

Osborne and others �980! report the presence of at least three

stratigraphic units within the upper Pleistocene sedimentary package, which

are locally separated by unconformities. These are referred to as

stratigraphic u~its A, B and C in ascending order  Fig. 6!. West of Santa

Honica and F.1 Segundo, unit A is cha racterized by foreset beds that dip from 4

to 7' to the west. Onit A has been truncated by an erosional surface which

di ps about I' to the west, and is cut to a maximum depth of 46 m below present

sea level  b.p.s.l.!. l!nit B overlies the outer edge of this erosional

surface and is thin, di sconti nuous, and displays faint foreset beds dipping as

much as 2.5' to the west. In turn, units A and B are cut by a second

westward-dipping  o.25 to 0.5'! erosional surface, which is overlain by unit

C. Hnit C shows topset and foreset beds, and the foreset strata dip from 3 to

7 to the west and termi nate near the pr esent shel f break. Nardin �976!

reports horizontal bedding beneath the inclined strata at a depth of 200 m

h.p.s.l., which defines the lower extent of the upper Pleistocene sedimentary

package.

The erosional surface occurring within the upper Pleistocene package are

i nterpreted as mar ine terraces associ ated wi th Il li noian and/or Wisconsin sea



level fluctuations. Elsewhere in Santa Monica Bay, these erosional surfaces

apparently are absent, and units A, 8 and C appear as a conformable stratal

sequence.

Sangree and Widmier �971! suggest that a seismic signature such as that

displayed by units A, 8 and C is characteristic of fluvial-deltaic and

associated coastal plain deposits. Although deposits equivalent to the marine

Palos Verdes Sand are not recognized on the Santa Monica shelf, the presence

of this unit as terrace deposits on the Palos Verdes Hills suggests a high

stand of sea level in late Pleistocene time. The absence of the Palos Verdes

Sand on the adjacent shelf may be due to shelf planation which occurred

during and following the Wisconsin glaciation.

Lithology: As expected in sedimentary sequences of coastal sedimentary

environments, the lithology of upper Pleistocene and Holocene strata varies

considerably, particularly in nearshore areas. These units appear to be at

least locally correlatable in terms of gross lithology, but there are many

exceptions to the following generalities  Scheidemann, 1980!.

Roth seismic records and vi bracores i ndi cate that the Holocene cover

north of Marina del Rey is less than 1 m thick, therefore vibracores recovered

from this area essentially consist of upper Pleistocene strata. Here the

upper Pleistocene strata are composed of light o'live, poorly-sorted, silty,

sandy, pebbly granule gravel  Folk, 1974!. The clasts vary from subangular to

subround, and predominantly are composed of felsic plutonic rock, with

additional pebbles of anorthosite, gabbro, gneiss, spotted slate, siltstone,

quartzite and rare siliceous metavolcanics.

More typical upper Pleistocene strata were recovered from vibracores

collected southwest of Rallona Creek and in the Manhattan Beach area. These

deposits consist of intercalated, very thin to massive beds of moderately



well- to well-sorted, fine- to medium-grained sand, and moderate- to

poorly-sorted, slightly granular to pebbly, medium-to coarse-grained sand.

Where present, the subangular to subround pebbles are composed of

predominantly acid plutonic rock, with occasional clasts of anorthosite,

gneiss, quartzite, siltstone, slate and diatomite. Siotite often is present

in the finer-grained intervals as are laminae of magnetite and i lmenite.

These strata vary in color from light gray and light olive gray, to pale

olive, to light olive gray, and are locanly oxidized to tight brown or dark

yellowish orange. Small marine shells fragments locaIly occur, and were

recovered in vibracores V-32, V-45 and V-46.

The upper Pleistocene samples have a mean grain size of 0.41 mm   1.29 g!,

and are moderately sorted  phi standard deviation = 0.92! ~ These samples vary

in skewness from strongly coarse-skewed  phi skewness = -4.06! to strongly

fine-skewed  phi skewness = 1 ~ 27!, whereas kurtosis values range from very

leptokurtic  phi kurtosis = 1.55! to extremely leptokurtic  phi kurtosis

34.78!. In general, the sand population for these samples is coarse-skewed

and extremely Ieptokurtic  terminology after Folk, 1974!.

Compositionally, the upper Pleistocene and Holocene samples are quite

similar  Table 2!, and principally are classified as lithic arkose and to a

lesser extent, feldspathic litharenite  IwtIcBride, 1963!. Weathered and fresh

feldspar grains occur in all samples, which may suggest multiple source rocks,

different transport hi stories, ar differential in situ weathering. The higher

percentage of heavy minerals in the upper Pleistocene samples may indicate

sediment reworking and associated concentration of heavy minerals, or it may

reflect sampling bias associated with localized magnetite and ilmenite rich

laminae. It is interesting to note the increase in monocrystalline quartz

coupled with a decrease in monocrystalline plagioclase from the upper



HOlOCENELITHALOG IC COMPOSITION TOTALUPPER
P LE I STOC E NE

n=74 n = 131n = 57

Monocrystal line hrains

6. 867. 876.08Nonundulose Auartz

Ondulose Auartz 23. 32

19. 28

5. 52

23.88

17.67

22.89

20.53

5,04

~laqioclase Feldspar

potassium Feldspar 6.14

0.600.56pyroxene

Amphihole

Biotite

Fpidote

Sphene

 la r net

Maqneti te-Ilmenite

0. 720. 670. 75

1. 430.811.90

0. 450. 410. 48

0. 200.180.22

1. 311. 591. 10

2. 360.843.52

oolycrystal 1 inc  ]rains

4. 184. 66Auartz with 2-3 subunits

Auartz with � subunits

Plutonic Rock

3.81

2.612. 942.36

22.5620. 9223.82

3.884.16Metamorphic Rock

i/olcanic Rock 0. 931. 760. 29

Z. 351. 4ASiliciclastic Rock

Allochemical Constituents

Microcrystal line Auartz

0. 270. 37A.ZO

0.671. AAA.41

Table 2. Summary of lithologic composition of sand from samples recovered
from Santa Monica Bay.



Pleistocene to Holocene samples, which probably reflects reworking of the

upper Pleistocene deposits, perhaps coupled with a change in provenance

 Osborne and others, 1980!.

Holocene Strata

Pleistocene strata west of Manhattan Beach  Osborne and others, 1980!. The

deeper of these two channels is preserved adjacent to the 91 m shelf

re-entrant, and is cut to a maximum depth of 114 m b.p.s.l. These channels do

not occur alonq the inner shelf, and therefore probably are not continuations

of coastal river channels. Their proximity to a mai n tributary of Redondo

submarine canyon suggests that they are extensions of that tributary cut

duri ng a low sea level stand near the end of Wisconsin time. However, a

narrow v-shaped channel cuts to a depth of 117 m b.p.s.l, near the present

canyon west of Hermosa Beach, which is not associated with the present canyon

tributaries. This buried channel may represent a continuation of a late

Wisconsin coastal river. If so, it may provide a datum for the maximum

lowerinq of Wisconsin sea level; however, wave-cut terraces have not been

observed at this depth.

As sea level rose at the close of Wisconsin glaciation, these channels

were hackfi1led and the advancing sea began to plane stratigraphic units

exposed on the Santa Monica shelf. Fluctuations in sea level during the

Holocene transqression  hfardin and others, 1981! resulted in a complex

wave-cut platform, which is well developed throughout Santa Monica Bay. The
platform adjacent to the Santa Monica Mountains consists of a single terrace

which truncates Meogene strata. The platform in this area dips seaward as

much as O,'S , and attains a maximum depth of 85 m b.p,s.1. near the shelf

edqe. This portion of the shelf is covered by undifferentiated Holocene



strata as much as 28 m thick.

ln the Redondo submarine canyon area, the platform consists of multiple

terraces which truncate Miocene, upper Pleistocene and Holocene strata

 rlsborne and others, 198rl!. Holocene strata in this area can be locally

differentiated into two units, D and F in ascending order, which are separated

by an unconformity. To the west, units 0 and E are apparently conformable.

North of the canyon, the lowest ter race i s less than 4 km wide and for most of

its width dips about A.l' to the west. The outer edge of this terrace is

defined by the shelf break at RA m, and the inner edge by a shoreline angle at

a depth of RA m b.p.s.l. The formation of this terrace probably occurred

during a relatively slow rise in sea level fol'fowed by a standstil 1 at 58 m.

I andward of the shoreline angle, the erosional surface dips as much as 10' and

is truncated at 24 m b.p.s.l. During the sea level rise from 58 m to at least

24 m b.p.s.l., Holocene unit 0 was deposited along the inner part of this

terrace. Hnit 0 attains a maximum thickness of 24 m, and is characterized by

sigmoidal clinoforms that dip as much as 5' to the southwest. The presence of

cross stratification and the shape of unit D led Nardin �976! to suggest that

these strata represent progradi ng beach deposits. The configuration of these

st rata reflects a relatively low sediment supply coupled with a rapid rise in

sea level  Mitchum and others, 1977!, and may represent a small deltaic lobe.

The appa rent absence of an associated fluvial channel to the northeast of

these beds argues in favor of the former interpretation.

The truncation of upper Pleistocene strata and Holocene unit D between

Santa Monica and Redondo submarine canyon indicates a subsequent lowering of

sea level. Locally this erosional surface extends as deep as 56 m b.p.s.l.,

which implies that sea level dropped to at least 46 m b.p.s.l., allowing 10 m

for wave abrasion  Dietz, 1963!. This erosional surface is locally observed



immediately south of Redondo submarine canyon, but is absent along the shelf

parallel to the Santa Monica Mountains, which perhaps reflects more continuous

or a higher rate of sedimentation along the Malibu coast. Upper Pleistocene

strata and Holocene unit 0 were exposed to additional erosion as sea level

rose to its present position. The parallel, onlapping beds of Holocene unit E

were deposited during this sea level rise. Changes in slope along this upper

terrace at 43 m and 23 m b.p.s.l. suggest variations in the rate of sea level

rise, sediment input or both.

Lithology: Holocene strata typically consist of massive olive-gray,

slightly biotitic, moderately well-sorted, very fine-to fine-grained sand,

which is locally intercalated with very thin to thick beds of clayey silt and

mud. Holocene deposits vary in color from olive gray to a greenish black, and

locally grade to a poorly-sorted, fossili ferous, silty, sandy granular pebble

gravel. Where present, the gravel is composed of subanguIar to subround

pebbles of acid plutonic, siliceous metavolcanic and argillaceous rock with

additional cIasts of gneiss, quartzite and slate. Similar sediment fills

parts of the submerged Ballona Creek channel. Marine pelecypod and gastropod

shell fragments often occur in the Holocene strata as do occasional scaphopod

shel 1 s.

Holocene samples have a mean grain size of 0.28 mm �.83 y! and are

moderately well-sorted with a mean phi standard deviation of 0.68. 'They vary

in skewness from strongly coarse-skewed  phi skewness = -9.51! to strongly

fine skewed  phi skewness = 2.50!, whereas kurtosis values range from

leptokurtic  phi kurtosis = 1.44! to extremely leptokurtic  phi kurtosis-

99.99!. In general, the sand population from the Holocene samples is strongly

coarse-skewed and extremely leptokurtic.

Compositional data far the Holocene samples in Santa Monica Bay have been

presented in table 2.
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Potential Sand and Gravel Resources

The forementioned Preliminary "guick Look" Report on Offshore Sand

Resources in Southern California prepared by the 0. S. Army Coastal

Engineering Research Center Identified three nearshore borrow areas  8-1, 8-II

and B-III! that were estimated to contain a minimum total volume of 26 x 106 m3

of sand suitable for beach restoration and nourishment. In addition, a fourth

offshore area  B-!V! was identified, but was considered to be only marginal ly

suited for beach nour i shment.

In the present study, additional seismic data and a greater density of

vibracores have resulted in substantial modifications in the volumetric

estimates of available sand and gravel on the Santa Monica shel f.

Furthermore, a new potential borrow area  8-V! was identified north of Marina

del Rey. The locations of borrow areas B-I through 8-V and associated lines

of geologic cross sections are shown in Figure 3.

The potentia1 borrow areas wi 11 be discussed in order from north to

south, and the following information is presented for each area; a tabulated

summary of the principal characteristics, an isopach map, a geologic cross

section, and a representative vibracore log. The minimum volumes reported

were computed us~kg a planimeter in conjunction with the weighted mean

thickness of suitable material recovered from the vibracores at each site.

The maximum volumes were computed from the isopach maps constructed for each

borrow area using the mathematical technique described by Craft and Hawkins

�964, p. 27!.

Potential Borrow Area B-V

Borrow area B-V occurs between the 9 and 26 m isobaths north of Marine

de1 Rey  Table 3; Figs. 3, 4 and 5!. At this location, strata assigned to

upper Pleistocene unit C are locally exhumed  Figs. 6 and 10!, which contain
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Type of Deposit:

Upper Pleistocene unit C

Water Depth:

Minimum:

Maximum:

9 meters

26 meters

Range in Mean Grain Size: n = 30

Minimum: 2.83 phd 0.14 mm

Maximum: 0.27 phd 0.83 mm

Mean: 0.76 phi 0.59 mm

Range in Thickness:

Minimum: � meters

Maximum: 14 meters

Estimated Volume   x 10~ m~!   x 10' yda!

Minimum: 13.8

Maximum: 50.5

18. 0

66.0

Vibracores Penetrating Deposit:

V-38; V-39; V-51; V-40; V-50; V-41; V-42
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Table 3. Summary of potential borrow area 8- V.



Figure 4. Fxplanation of borrow area maps.
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Figure 6. Geologic cross section A-A'.
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from 13.8 to 50.5 x 10~ m~ of silty, sandy gravel and gravelly sand  Figs. 7

and 8!. Although sand suitable for beach restoration and nourishment is

available in this borrow area, the high gravel content of this deposit

indicates that this sediment is better suited for construction aggregate.

Although no vibracores were taken immediately north of cores V-38 and V-39

 Fig. 5!, it is likely that similar upper Pleistocene strata may extend north

of Santa Monica Pier.

Potential Borrow Area B-IV

Borrow area B-IV occurs between the 13 and 49 m isobaths covering an

extensive offshore area from Santa Monica south to Manhattan Beach  Table 4;

Figs. 3 and 9!. These strata are assigned to the relatively thick, offshore,

undifferentiated Holocene sediment package that parallels the present

coastline from Pt. Dume to the Palos Verdes HilIs  Figs. 6, 10 and 13!.

Although quite voluminous  at least 248.5 x 10 m !, this deposit consists of

light- to olive-gray, fine- to very fine-grained sand, sandy silt, and

greenish-black mud and c'lay. Unfortunately this deposit is only of marginal

quality for beach restoration and nourishment  Fig. 11!.

Potential Borrow Area B-lll

Borrow area B- III lies between the 9 and 26 m isobaths in the nearshore

area southeast of Ballona Creek and northwest of E1 Segundo  Table 5; Figs. 3

and 12!. In the western part of this area, upper Pleistocene strata are

covered by a thin veneer of Holocene sediment  Fig. 13!, and are composed of

sand with occasional interbeds of sandy gravel. Nearer the present coastline,

the Holocene strata thicken and contain interstratified sand and sandy gravel

 Fig. 14!. Together, the P'leistocene and Holocene strata in borrow area B- III

are estimated to contain from 26.8 to 60.4 x 10 m of material suitable

for beach nourishment.
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SYMBOLS FOR VIBRACORE LOGS

Massive beddingPebbles

Parallel stratificahonGravel

Cross-stratification sandCoorse or very coarse sand ~:..' ~:- -. r~ 4 ' ~~ ~

Medium sand

Fine or very fine sand Root casts or burrows

Sharp contact

Mud or clay

Conglomerate

Silty sand

Figure 7. Explanation af symbols for vibracore logs.

28

o ~o~

>a o~ o
CI

~ r ~ r
r

~ ~

c
g>~O~

Shells or shell fragments



V-39 Date:

Sheet 1 ofTotal core length  cm!: 223

Number of core sections:

Water depth  ft!: Vertical scale: 1 cm = 25 cm

Distance in cm
from top of core

0- 55

55-85

85-195

'i ~ 0' ~ ~

o'y�
~ ~ ~ ' ~ ~ ~

195-198

198-223

Figures 8. Log of vibracore V-39 which is illustrative of the sedimentologic
character of borrow area B-V.
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Gravel: silty, sandy, pebbly; grayish olive �0 Y
4/2!, grades downward to a sandy, granular pebble
gravel; s1ightly micaceous; light olive gray � Y
5/2!; poorly-sorted; small to large, subangular
to subround, acid plutonic, spotted slate and
siltstone clasts, with rare pebbles of anorthosite
and quartzite; small marine shell fragments are
present near the top and several of the pebbles
are encrusted by bryozoa; bottom contact inclined
due to the vibracoring process.

Sand: medium grained, slightly gravelly; moderately
sorted; yellowish gray � Y 7/2!; a few small,
subangular to subround, acid plutonic pebbles.

Gravel; sandy, pebbly, granular, which gradationally
varies to a pebbly, silty, medium to coarse sand;
poorly sorted; color varies from a dark yellowish
brown �0 YR 4/2! to a dusky brown � YR 2/2!;
small to medium, subangular to subround, felsic
plutonic pebbles,

Sand: fine grained, granular; poorly sorted;
micaceous; yellowish gray � Y 7/2!,

riravel: silty, sandy, granular, pebbly; poor1y
sorted; micaceous; color varies from a yel1owish
gray � Y 7/2! to an oxidized dark yellowish
orange   10 YR 6/6!; small, subangular to sub-
round, acid olutonic pebbles are present along
with one siliceous metavolcanic clast.

e.
~  ! ~ 0

g, ~

.p J ~ +' ~ ~

0
0 ' ~

0
~ ~

0
~ ~a ~ 0'

~ ~ ~

0

O~ o
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Table 4. Summary of potential borrow area 8-1V.

Type of Deposit:

Ondi f f e rent i a ted Hol oc ene st rata

13 meters

49 meters

Range in Mean Grain Size: n = 53

3.64 phi 0.08 nmMinimum:

Maximum: 1.19 phi 0.44 mm

2.91 phi 0.13 mmMean:

Range in Thickness:

Minimum:

Maximum:

Estimated Volume   x 10 m !

Minimum: 248.5

Explanation of value:

Vibracores Penetrating Deposit:

B-61; 8-62; 8-63; B-59; V-37; B-51; 8-52; 8-50

30

Water Depth:

Minimum:

Maximum:

Maximum:

Other:

4 meters

23 meters

  x 10~ yd3!

325.0



Figure 9. Isopach map of borrow area 8-IV with associated vibracore numbers
and sand sui tab i I ity symbol s.
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Fiqure 10. heologic cross sect~on R-B'.



Core mmber: V-37 Date:

Total core length  cm!: 384 Sheet 1 of

Number of core sections:

Water depth  ft!: Vertical scale: 1 cm 25 cm

Distance in cm
froa top of core ~Lo

Sil t Sand: very fine grained; moderately well
sorted; greenish black � G 2/1!; slightly
micaceous; marine gastropod and pelecypod shell
fragments; lower contact is concave downward due
to the vibracoring process.

0-164

Sand: very fine grained, silty; moderately well
sorted: slightly micaceous; medium light gray
 N6!, intercalated with very thin to thin beds
of olive black � Y 2/1!, clay,

164-185

Mud: slightly sandy; greenish black � G 2/1!;
grades downward to an olive black � Y 2/1!,
clay; lower contact is concave downward due
to the vibracoring process.

185-280

Sand. fine grained, muddy, slightly granular;
poorly sorted; slightly micaceous; olive gray
� Y 4/1!; lower contact is concave downward
due to the vibracoring process.

280-310

tlud; slightly sandy; greenish black �  ' 2/1!;
grades downward to an olive black � Y 2/1!,
clay, lower contact concave downward due to
the vibracoring process.

310-355

Sand: medium to coarse grained, slightly granular;
poorly sorted; olive gray � Y 4/1!.

355-370

~Sand Mad: olive gray � Y 4/1!.370-384

Fiqure 11. Log of vibracore V-37 which is il lustrative of the sedimentologic
character of borrow area R-IV.



Table 5. Summary of potential borrow area H-III.

Type of Deposit:

Upper Pleistocene unit C and nearshore Holocene deposits

Water Depth;

9 meters

26 meters

Range in Mean Grain Size: n = 47

Minimum: 2.74 phi

Maximum: -0.08 phi

0.97 phiMean:

Range in Thickness:

Minimum:

Maximum:

  x I0~ yd~!Estimated Volume   x 10 m !

35.0Minimum: 26.8

60.4 79.0

Explanation of value:

Vibracores Penetrating Deposit:

V-44; V-49; V-45; V-48; V-46
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Minimum:

Maximum:

Maximum:

Other:

4 meters

16 meter s

0.15 mm

1.06 mm

0.51 mm



~ 8-57 MF!

V-44  

/
/
I

v-49 s!

~aV-48 S!

B-si vF!

LV-47 S!

t kilometer0,5

I nouticat mile0.50

CONTOUR lNTERVAL = 2m

Figure I~. Isopach map of borrow area 8-III with associated vibracore
numbers and sand suitability symbols.
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FigUre 13. 6'eologic cross section C-C'.
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V-49Core mmber: Date:

of 2Total core length  cm!:

Number of core sections:

Mater depth  ft!: Vertical scale: 1 cm = 25 cm

Distance in an
frcsn top of core ~Lo

0-44

44-105

105-161

; C.

r' e ihQ a
161-212

212-262

~igure 14.l Log of vibracore if-49 which is illustrative of the sedimento1ogic
character of borrow area B-III.
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~Shiit Sand: very fine grained; siight y micaceous;
moderately wel1 sorted; greenish black � GY 2/1!;
large marine gastropod shell at base.

Sand: medium grained, slightly pebbly, silty, grades
down to a silty, sandy, granular pebble gravel;
poorly sorted; grayish black  N2!; sma11 to large,
subround, acid plutonic, siliceous metavolcanic,
siltstone and shale clasts, with a few pebbles of
gneiss and quartzite; marine pelcypod and gastro-
pod shell fragments; lower contact. disturbed by
the vibracoring process.

Sand: medium to coarse grained, slightly gravelly;
moderately sorted; medium gray  N5!; small, sub-
round, siliceous metavolcanic, siltstone and
shale clasts; scattered marine shell fragments.

Gravel: sandy, granular, pebbly; poorly sorted;
light olive gray � Y 6/1!; sma11 to large,
subangular to subround; siliceous metavolcanic;
acid plutonic, siltstone and shale clasts, with
additional pebbles of quartzite and gneiss marine
pel ecypod shel 1 fragments.

Sand: medium to coarse grained, slightly gravelly;
moderately sorted; medium gray  N5!; small sub-
round, siliceous metavolcanic, acid plutonic and
siltstone pebbles; assorted small marine shell
fragments; irregular lower contact due to the
vibracoring process.

&.
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V-49 Date:Core mnber'

Sheet 2 of 2Total care length  cm!: 447

Numter of core sections:

Water depth  ft!: Vertical scale: l an = 25 cm

Distance in cm

from cop of core
~Lo

Silt Sand: very fine grained; moderately sorted;
grades down to a silty, sandy, granular pebble
gravel; poorly sorted; color varies from a olive
gray � Y 4/1! to an oxidized light olive brown
� Y 5/6!; sma11, subround, acid plutonic clasts,
with a few pebbles of siltstone and quartzite;
marine pelecypod shell fragments.

262-292
o ~ .'a,-o>

e~,a o~ g o O;e'ge ~

Sand: medium grained, gravelly; poorly sorted;
pale olive �0 Y 6/2!; small subround, acid
plutonic, siltstone and quartzite clasts; marine
shell fragments.

292-301

Sand: medium to coarse grained, intercalated with
thin to medium beds of fine sand; moderately well
to we11 sorted; occasional concave downward
laminae of magnetite and ilmenite; color varies
from a medium light gray  N6! ta a light olive
gray � Y 6/1! and appears to be locally oxidized
to a grayish orange �0 YR 7/4!; a few small,
subround acid plutonic, siliceous metavolcanic,
si1tstone and jasper pebbles are present,

' 0301-447

Figure 14. 2 Log of vibracore V-49 which is i11ustrative of the sedimentoiogic
character of borrow area B-III.



Potential Borrow Area B-ll

Borrow area B-II occurs between the 9 and 28 m isobaths immediately north

of Redondo submarine canyon  Table 6; Figs. 3 and 15!. Pleistocene foreset

strata are believed to either crop out in this area or are buried by a thin

veneer of Holocene unit E  Figs. 16 and 19!. Recovered vibracores from this

borrow area  Fig. 17! display olive-gray, fine- to medium-grained sand with

interbeds of silty sand and sandy gravel . In the Hermosa Beach-Kings Harbor

area, a buried Holocene channel transects this part of the shelf, and contains

sand and sandy gravel in the nearshore area. Borrow area B- II contains from

32.9 to 77.2 x 10~ m3 of sand suitable for beach restoration and nourishment.

Potential Borrow Area B-l

Borrow area 8- I occurs between the 9 and 27 m isobaths immediately south

of Redondo submarine canyon and just offshore from Redondo Beach  Table 7;

Figs. 3 and 18!, This potential borrow area is near the site used in 1967-68

for the restoration af Redondo Beach. Within the nearshore area, several

cores contain medium- to coarse-grained, moderately we11-sorted sand and

slightly gravelly sand, which is assigned to upper Pleistocene and Holocene

stratigraphic units  Figs. 19 and 20!. This borrow area contains from 16.0 to

26.0 x 10~ ~n3 of sand suitable for beach nourishment programs.

Based on the current economic and technologic limits for offshore

dredging operations, the estimates for sand suitable for beach replenishment

and nouri shment in Santa Monica Bay  B-I, B-II, and B-I II! range from a

minimum of 75.7 x 10 ma to a maximum of 163.6 x 10 m . In addition,

borrow area B-V contains from 13.8 x 10 m to 50.5 x 10 m of sediment more

suitable for construction aggregate.
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Table 6. Summary of potential borrow area l3- II.

Type of Deposit:

Upper Pleistocene foreset strata an4 Holocene unit E

Water Depth:

Minimum: 9 meters

Maximum: 28 dieters

Range in Mean Grain Size: n = 82

Minimum: 3.64 phi 0.08 mm

Maximum: -3.41 phi 10.60 mm

1.00 phi 0.50 mmMean:

Range in Thickness:

Minimum:

Maximum:

4 meters

18 meters

Estimated Volume   x 10 m !

Mi nimum: 32.9

Maximum: 77. 2

Other:

  x 10' yd~!

43.0

101.0

Explanation af value:

Vibracores Penetrating Deposit:

40

V-36; V-32; V-17; V-18; V-35; V-33; B-45; V-34; V-21



Figure I~. Isopach map of borrow area 8-II with associated vibracore numbers
and sand suitability symbols.
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Figure ]6. Geologic cross section D-D'.
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V-17 Date:Core rnmber:

Total core length  cm!: 515 Sheet 1 of

Number of core sections:

Water depth  ft!.' Vertical scale: 1 cm = 25 cm

Distance in cm

from top of core

Sand: very fine to fine grained; silty; micaceous;
grades downward to a silty, sandy, granular pebble
gravel; moderately well-to poorly sorted; dark
greenish aray � GY 4/1!; small to large, subangula
to subround, acid olutonic pebbles, with clasts of
siltstone, slate, gneiss, quartzite, and siliceous
metavolcanics, pelecypod and gastropod she11
fragments.

Sand: ~inc to medium grained, slightly gravelly
grading downward to a s1ightly firavelly, medium to
coarse sand; poor1y sorted; light olive gray � Y
5/2!; locally oxidized to light olive brown � Y
5/6!; now micaceous grading to slightly micaceous;
small to medium, subangular to subround, acid
plutonic pebbles, with a few clasts of gneiss,
anorthosite, siltstone and slate; 'lower contact is
inclined due to the vibracoring process.

104-145

o

'O.,Sand: very f'ine to fine grained; ranging f'rom silty
to slightly gravelly; moderately sorted; grayish
olive �0 Y 4/2!; micaceous; slightly oxidized in
places; small, subangular to subround, acid
plutonic pebbles, lower contact inclined due to the
vibracoring process.

145-268

'lt: moderate olive brown � Y 4/4!;
micaceous; bed dips steeply due to the vibracoring
process.

268-273

~Silt Sand: very fine to fine grained, moderately
well sorted; light olive gray � Y 5/2!; micaceous;
lower contact deformed due to the vibracoring
process.

273-285

Sand Silt: grayish olive �0 Y 4/2!; micaceous;
grades to a silty, very fine sand; moderately well
sorted; yellowish gray � Y 7/2!; micaceous;
magnetite and ilmenite are present; lower contact
dips steeply due to the vibracoring process.

285-333

Figure 17.1 Log of vibracore V-17 which is illustrative of the sedimentologic
character of borrow area B-II.



Core number: V-17 Bate:

Sheet 2 of 2Total core length  cm!: 515

Numb r of core sections:

Vertical scale: 1 cm = 25 cmWater dfq!th  ft!:

L'1stance ill cpl

from top of core
~Lo

Sand; very fine to fine grained, silty, moderately
well sorted; intercalated with laminae of magnetite
and ilmenite; slightly oxidized to a dusky yellow
� Y 6/4!; micaceous; beds inclined due to the
vibracoring process.

333-370

~Silt Sand: very f'ine to fine grained. moderately
well sorted; light olive gray � Y 5/2!; micaceous;
lower contact is deformed due to the vibracoring
process.

370-382

Sand: silty very fine grainede grades to a clayey
sandy silt; moderately well sorted; moderate olive
brown � Y 5/4!; micaceous; bottom contact is
concave upward due to .he vibracoring process.

382-445

Sand: medium grained, ranges from silty to slightly
gravelly; poorly sorted; light olive gray � Y 5/2!;
micaceous; lower contact incl ined due to the
vibracoring process.

445-455

d S lt: color varies from a light olive gray
2! to an oxidized moderate brown � YR 4/4!;

micaceous; grades downward to sil ty very fine to
fine sand, moderately well sorted; dusky yellow
� Y 6/4!; micaceous, magnetite and ilmenite are
locally present

455- 515

Figure 17.2 Log of vibracore V-17 which is illustrative of the sedimentologic
44 character of borrow area 8-i I.



Table 7. Summary of potential borrow area B-I.

Type of Deposit:

Upper Pleistocene strata and Holocene channel fill

Water Depth:

Range in Mean Grain Size: n = 38

Minimum: 3.05 phi

Maximum: 0.46 phi

1.19 phiMean:

Range in Thickness:

Minimum:

Maximum:

  x ]0~ yd'!Estimated Volume   x 10~ m3!

16.0Minimum: 20.9

34.026.0Maximum:

Explanation of' value:Other:

Vibracores Penetrating Deposit:

8-55; 8-54; B-53; V-20; 8-56

Minimum:

Maximum:

9 meters

27 meters

� meters

14 meters

0.12 mm

0.73 mm

0.44 mm



Fiqure 1R. Isopach map of borrow area B-I with associated vibracore numbers
and sand suitability symbols.



Fiqure 1.9. reo1oqlc cross section E-E'.
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V-20
Core mjmber: Date:

Total core length  cm!: 221

NUmber of core sections:

Water depth  ft!:

Sheet l of

Vertica1 sca1e: 1 cm - 25 an

Distance in cm
fram top of care

~Lo

Figure 20. Log of vibracore V-20 which is illustrative of the sedimentologic
48 character of borrow area R-I.



II. SAN PEDRO 8AY, LOS ANGELES AND ORANGE COUNTIES

Introduction

The San Pedro shelf trends approx~mately northwest and includes an area

of approximately 500 kmz  Fig. 21!. It is bounded to the northwest by the

Palos Verdes Hills and a narrow shelf leading seaward to the San Pedro

escarpment. To the southeast, the Newport submarine canyon and an abrupt

decrease in the thickness of Quaternary strata define the shelf boundary,

which generally occurs at the 100 fathom isobath. The shelf ranges in width

from 20 km south of Long Beach to 2 km south of Point Fermin.

The isobaths  Fig. 21! show a smooth, gently seaward-sloping surface with

a broad topographic ridge trending N 50'W, which expresses the position of the

Palos Verdes fault zone and adjacent deformed Miocene-Pliocene strata. The

associated Wi lmington graben occurs northeast of the Palos Verdes fault zone,

and, in turn, is bounded on its northeastern flank by an unnamed fault zone

described by Junger and Wagner �977!, Fischer and others �977!, and Nardin

and ffenyey �978!.

The San Pedro shelf lies within the southwestern block of the Los Angeles

basin  Yerkes and others, 1965! and the Peninsular Ranges geomorphic province

 Jenkins, 1938; Jahns, 1954!. Nardin and Menyey �978! concluded that the

deformation of the Santa Monica and San Pedro Bay areas was the result of late

Tertiary and Quaternary shear stress accompanied by regional convergence.

Dextral shear is manifested in the Palos Verdes and inland Newport-Inglewood

fault zones  Fig. 21!, whereas contemporaneous convergent forces have formed

the series of en echelon anticlinoria trending in a more westerly direction

than the strike-slip faults. On the San Pedro shelf, the Palos Verdes Hills

anticlinorium trends northwest nearly parallel to the Palos Verdes fault zone,

and then changes trend to the west-northwest on the Palos Verdes Peninsula.
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Figure 21. Map of San Pedro shelf showing bathymetry and major structural
elements  after Fi scher and others, 1977!.



The San Pedro anticlinorium parallel s the fault zone in the southern part of

the shelf, but diverges westward near the Palos Verdes Hills anticlinorium.

'The syncline between these two features forms the San Pedro sea valley.

Folding of strata assigned to the Monterey Shale  middle to late

Miocene-early Pliocene!, which occurs in the Palos Verdes Hills and underlies

a hroad ridge in the bay, occurred after deposition of lower Pliocene strata

and prior to deposition of much of lower Pleistocene strata  Yerkes and other,

1965!. The Palos Yerdes fault zone was active in middle to late Pleistocene

time, which resulted in uplifting the Palos Yerdes Hills at least 390 m above

present sea level, and depressing the adjacent block from 150 to 300 m  Yerkes

and others, 1965!. Continued activity of the Pal os Verdes fault zone to the

present is demonstrated by seismic data  Hileman and others, 1973; Teng and

Henyey, 1975! .

The Newport-Inglewood fault zone is expressed at the surface as a series

of discontinuous low hills or mesas in the San Pedro Bay area  Poland and

others, 1956!. Landing Hil l, Rolsa Chica, Huntington Beach and Newport Mesas

border San Pedro Ray. These are transected by Dominguez, Alamitos, Sunset and

Santa Ana gaps through which Holocene alluvial deposits of the Los Angeles

basin extend to the coast. The Newport-Ing1ewood fault zone extends offshore

so~th of Newport Mesa, and is characterized hy dexteral shear with associated

vertical separation not exceeding 60 m at the base of the Ouaternary  Yerkes

and others, 1965!. Poland and others  l956! discussed the 0uaternary history

of this deformed area. Several of the mesas, the lowest terrace of the San

,loaquin Hills, and the lowest terrace of the Palos Yerdes Hills formed a

continuous surface of marine planation at the end of the Pleistocene. The

present gaps originated as antecedent stream valleys. Trenching associated

with the Santa Ana and Ilominguez gaps occurred to a maximum depth of 75 m, or



to 4I m b.p.s.l.

The Wilmington graben forms the major structural depression in the San

Pedro shelf. The Palos Verdes fault zone borders the graben to the southwest

 Fig. ~1!, and associated faults cause strata in the graben to flank against

beds assigned to the Monterey Shale. These strata dip toward the graben and

attain an almost horizontal attitude in the central part of the graben. The

eastern boundary of the graben is less distinct. Junger and Wagner �977!

suggest either a discontinuous series of faults terminating in lower Pliocene

strata or a dip flank with no faults. Seismic reflection data used for the

present study show that a major east-trending dip flank occurs directly
offshore of Huntington Reach. It is associated with several faults cutting

Pleistocene and Holocene strata with offsets less than 10 m. These may be

tensional structures resulting from dextral shearing.

Although San Pedro shelf is thought to be part of a continous crustal

block linked with the Palos Verdes Hills and the Santa Monica shelf, it shows

a different recent qeologic history than that of the adjacent coastal plain,

which suggests that this block has not always been in contact with the

remainder of the western margi n of the Los Angeles basin  Nardi n and Henyey,

197R!.

Moore �954! studied the western part of the San Pedro shelf, and

identified six types of sediment based on color and grain-size

characteristics. Gorsline and Grant �972! described the sediment texture and

areal distribution of major, near-surface strata on San Pedro shelf in terms

of sediment transport mechanisms, particularly resedimentation and wave and

current transport. Gorsline and Grant �972! reported that most of the

near-surface sediment on the shelf is silt and fine sand, and the

coarse-grained sand consists of iron-oxide stained grains that were deposited
i n coastal environments near to outcrops of Tertiary strata. The occurrence
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of Pleistocene foraminifera in the yellowish-brown sand units  Crouch, 1954!

sugqests that these are rel i ct strata, perhaps correl at i ve wi th the Timm' s

Point Silt Member of the San Pedro Formation.

 :reene and others �975! prepared two isopach maps for strata an the San

Pedro shelf: one map shows the combined thickness far both Pleistocene and

Ho'locene strata, and the second shows only those strata above a nearly

horizontal erosional surface cut during the last major Wisconsin emergent

event.

Junger and Wagner �977! used sei smic reflection profiles to interpret

much of the pre-Ouaternary stratigraphy of the San Pedro shelf.

Methods

The methodology used to study the stratigraphy of San Pedro shelf is very

similar to that employed in Santa Monica Hay. A total of 383 km of high-

resolution �.5 kHz! seismic reflection profiles was obtained from the U. S.

Army Coastal Fngineering Research Center, as were sample splits from 23

vi bracores taken durinq June and July, 1974. An additional 26 vibracores were

collected by the University of Southern California during May and June, 1978,

and a final set of 8 vi bracores was taken in October, 1 979. Both the U. S.

Army Corps of Fnqi neers' and the University of Southern California's

vibracorinq programs were concentrated east of the Palos Verdes fault zone,

where thicker quaternary strata occur in the Wilmington graben  Fig. 22!. It

should he noted that many of the sedimentary packages on the San Pedro shelf

are rather linear and discontinuous, particularly near the fault zones. The

average length of recovered core is 3.03 m, and the maximum length is 6.75 m.

Conventional grain-size analysis by sieving at half-phi intervals was

performed on the sand population of 24 Pleistocene and 355 Holocene samples.

Petrogqraphic analysis was performed on the sand fraction of 9 Pleistocene and
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Fiqure 22. Map of area II showing locations of borrow areas A-I through A-V
with associated vibracore numbers and sand suitability symbols.
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11% Holocene samples. Relevant core and sediment sample data are presented in

Appendices A through 0,

Quaternary Stratigraphy

Upper Pleistocene Strata

The 'San Pedro shel f contains upper Pleistocene strata within the

Wilminqton graben and possibly west of the Palos Verdes fault zone. Greene

and others �97r! have indicated the locations of Pleistocene strata using

0uaternary and Holocene isopach maps. West of the Palos Verdes fault zone,

they show Pleistocene deposits existing only in the San Pedro sea valley, and

suggest that such deposits formed as slump or canyon fil l. Pleistocene

deposits from 10 to 20 m thick occur as a feeder channel to the San Pedro sea

valley just south of the breakwater and across the broad ridge of exposed

Hlonterey Shale.

Areene and others �975! show a maximum thickness of 70 to RO m of

pleistocene strata wi thi n the Wi lmi ngton graben, whereas Fi scher and others

�977! estimate a maximum thickness of 300 to 350 m within this structure.

Fi scher and others �977! have described the upper 120 to 150 m of late

Pleistocene strata from cores taken at the shelf edge and slope west of the

San Gahriel submarine canyon. They identified four stratigraphic units, which

are, in ascending order:   1! approximately 30 m of silty clay and clayey silt

dated at approximately 90,000 to 100,000 years BP; �! and �! two similar

sedimentary packages �0 m and 30 m thick, respectively! consisting af basal

channel deposits and clay, sand and gravel channel fill, and silt, aI1 of

which grade to silt downslope, and �! the uppermost Pleistocene unit

consisting of clayey silt and channel fill deposits found in slope gullies �

to 30 m thick!, which have an apparently gradational contact into strata

assigned to the Holocene. uplift along the Palos Verdes fault zone has
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truncated and draped these strata to the west. Junger and Wagner �977!

identified Pleistocene cross-stratified deposits in the San Pedro shelf.

These strata extend to the shelf edge, where the foreset units apparently

continue as slope deposits. The large-sca'te cross-stratified character of

these deposits suggest possible lithostratigraphic carrelation with the San

Pedro Sand  Junger and Wagner, 1977!.

Considering that many of these late Pleistocene sedimentary packages

formed as nanmarine terrace cover or shallow marine deposits, they are thaught

to contain suitable sand for beach nourishment and restoration programs. !t

should be noted that it is difficult to correlate the vibracore and seismic

data, because the recovered cares barely penetrate depths below the initial

signal pulses. Furthermore the absence of radiometric age determinatians and
microfaunal analyses make it difficult to assign accurate ages to these

deposits.

Upper Pleistocene strata are tentatively identified in only five cores:

A-16, V-l, A-40, V-2 and A-23. Figures 21 and 22 show that these cores occur

in a narrow str~p within and adjacent ta the Palas Verdes fault zone. The

sand within this strip is iron-oxide stained, medium- to coarse-grained,

moderately- to weIl-sorted, subrounded to rounded, and has a dull polish.

Although this upper Pleistocene sand is only slightly more rounded than

Holocene sand on San Pedro shelf, its worn appearance and dull polish are

quite distinctive.

On the Holocene isopach map prepared for this study, cores A-40, V-2 and

A-23 are aligned with the Palos Verdes fault zone in an area af zero Holocene

thickness. These vibracores occur in a northwest-trending strip of dipping,

stratified deposits which are upthrown between folded Mio-Pliocene shale to

the west and Holocene strata to the east' The relatively mature textural



characteristics of this Pleistocene sand may reflect initial deposition in a

high mechanical-energy environment or selective sorting associated with

periodic uplift along the Palos Verdes fault zone.

Although Pleistocene sand is concentrated within the Palos Verdes fault

zone, it might be expected to overlap other strata over a more extensive area.

Vibracores A-16 and V-1 contain sediment with characteristics similar to those

observed in the area of submarine exposure  vibracores A-40, V-2 and A-23!,

i.e. iron-oxide stained sand and gravel with a dull polish. In core A-16,

presumed Pleistocene coarse-grained sediment is intercalated with and overlaps

Holocene fossiliferous si'lt and clay, which suggests continued resedimentation

of older and coarser-grained sediment over at least parts of San Pedro shelf.

Another area of possible Pleistocene exposure occurs offshore of

Huntington Reach. Obtained seismic reflection profiles indicate that this is

an area of upthrown blocks along the eastern margin of the Wi lmington graben.

Rreene and others �975! and Rudat �980! suggested the presence of late

Pleistocene deposits in this area, but recovered cores from this area do nat

contain the stained, rounded and polished sand grains typical of late

Pleistocene strata within the Palos Verdes fault zone. Instead, these strata

are predominantly silt and very fine-grained sand with intercalated

conglomeratic lenses with pebbles and cobbles as much as 15 cm in diameter.

Although it is possible that these strata are late Pleistocene and represent a

different stratigraphic interval or facies, most cores demonstrate that these

conglomeratic lenses are encased in very fine-grained sand, silt and clay,

which are very similar to Holocene strata on other parts of the shelf. Thus

it seems equally or perhaps more likely that these conglomeratic lenses

represent Holocene channel fi l 1 and/or landslide depos its associated with

Santa Ana or Rolsa gaps. Due to the small number of recovered Pleistocene
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samples, their textural and compositional characteristics are included with
the discussion of Holocene lithology.

Holocene Strats

Greene and others �975! show sedimentary deposits which occur above a

nearly horizontal, shel f-wide erosional surface, which is thought to have been
cut during the last major Wisconsin emergent event. Thicknesses assigned to
these deposits range from zero where Monterey Shale is exposed on the sea floor
to as much as 50 m extending into the San Gabriel submarine canyon. Most of
the shelf area is characterized by Holocene strata ranging from 5 to 15 m
thick  Greene and others, 1975!. Locations of zero Holocene thickness were
indicated off Huntington Beach, Sunset Beach, Landing Hill, and behind the
breakwater near Long Beach. Several discontinuous faults which offset the
base of the Holocene were identified, and these are on trend with the

northeastern boundary of the Wilmington graben.

A similar Holocene isopach map was prepared by Rudat �980!, which

concentrated on the area of the San Gabriel submarine canyon. Rudat �980!
identified several thick channel deposits and ancient feeder canyons in this
area, and suggested three major areas with zero Holocene thickness; offshore
of Huntington Beach, the Landing Hill-Anaheim Bay area, and an elongate area

between these two locations.

Fischer and others �977! studied a small area of the slope and shelf edge

near the San Gabriel submarine canyon, where they identified the

Pleistocene-Holocene boundary from 10 to 13 m below the present sea floor.
Basal Holocene strata at this locality consist of silty sand with abundant
molluscs, which grade upward into silt and silty clay, and then to very fine
sand and silt. Middle-neritic, Holocene foraminifera occur throughout these
deposits. Core samples from the slope indicate continuous deposition through
the Pleistocene-Holocene boundary, whereas Holocene strata
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at the shelf edge unconformably overlie latest Pleistocene channel deposits.

Surficial sediment on the San Pedro shelf have been studied by Gorsline

and Grant �972! in terms of gr ain-size character1stics and the distribution

af major sediment groups. The surficial sed1ment may be div1ded into five

groups:  I! a redd1sh-stained, coarse-grained sand, thought to be a re11ct

sand; �! a Holocene detr1tal silt and sandy silt; and �-S! three varieties

of mixed populations of relict and modern detr ital sediment. Two small

patches of the relict sand occur near the Palos Verdes fault zone and a third

occurs south of Anaheim Ray. The mixed populations occur adjacent ta either

relict patches or other mixed populations. However, the majority of San Pedro

shelf is covered by detrital silt and sandy silt of Holocene age. Fischer and

others �977! describe surficial sediment at the shel f edge as very fine sand

and silt.

High-resolution seism1c reflection profiles used in the present study

cover most of the San Pedro shelf. Strata identified in the prof1les range in

age from Miocene to Holocene, but much information is excluded for strata

buried deeper than the first multiple. Nearshore data also is obscure due to

multiples. In the absence of a single, nearly-horizontal erosional surface,

the base of the Holocene 1s extrapolated from land-based data and correlated

with major offshore reflectors.

Holocene Strata West of the Palos Verdes Fault Zone: Little or no

Holocene sediment was identi fied in the area of folded and uplifted Monterey

Shale west of the Palos Verdes fault zone; however, the 1 m limit of

resolut1on of the seismic data must be kept in m1nd. Where strata are present

above truncated Monterey Shale, there is no obvious, single erosional or

nondepositional break within the sedimentary packages, therefore such un1ts

are arbitrarily assigned to the Holocene.
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Aue to their parallel, nearly horizontal strati ficati on, these beds may

have accumulated, given a low but rather continuous sediment supply, during a

submergent event and/or the seaward tilting of the upthrown Palos Verdes Hills

block. Several stronger reflectors within this package may indicate minor

periods of nondeposition perhaps related to sea level standsti lls, Due to

the presence of the Palos Verdes Hills and submarine ridge of Tertiary rocks,

the western part of San Pedro Ray probably did not receive fluvial sediment

during the late Pleistocene and early Holocene; however, fluvially-derived

sediment is a major stratigraphic component east of the Palos Verdes fault

zone.

Along the western edge of the shelf, several faults offset the presumed

base of the Holocene. Such faults are located immediately offshore from Point

Fermin and along the nose of the San Pedro Bay anticlinorium. The positions

of these faults are not in exact agreement with Greene and others �975!, but

they are similar in location and abundance. These faults generally show very

abrupt vertical offsets of 5 to 10 m, but as much as 23 m of vertical offset

is documented offshore of Point Fermin.

Holocene Strata Within the Palos Verdes Fault Zone: The Palos Verdes

fault zone consists of a series of parallel faults. Miocene and Pliocene

strata occur at the surface west of this fault zone, whereas Holocene strata

occur to the east. A thin upthrown strip within the fault zone is of

uncertain age, but lithologic characteristics suggest it is most likely late

Pleistocene in age.

Immediately south of the breakwater, the zone of faulting widens, and as

much as 10 m of Holocene strata have accumulated in this area. hlorth of the

breakwater, Greene and others �975! indicate the presence of at least 20 m of

Holocene sediment within the fault zone, and suggest that this succession
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continues unbroken across the fault zone to the northeast. Although this area

contains a thinner Holocene sequence than the adjacent Wilmington graben, the

accumulation of sediment here probably represents a stratigraphic extension or

component of the lower Holocene tongue which lies beneath Dominguez gap.

Holocene Strata Within the Wilmin ton Graben: The western margin of the

Wilmington graben contains the thickest section of Holocene channel-fill

deposits. Onshore, the Dominguez gap is marked by a lower Holocene basal

gravel occurring 45 m b.p.s.l.  Poland and others, 1956!. If this deposit is

extended seaward on trend with the Palos Verdes fault zone, the base of the

Holocene corresponds with a series of channeled, discontinuous reflectors

ranging from 45 to 55 m b.p.s.l. The Holocene isopach map prepared in

conjunction with this report shows the thickest area, exceeding 30 m, occurs

in the central part of the San Pedro shelf. The thi ckness of Holocene strata

decreases southeastward along the fault zone, and thins to about 10 m along

the uplifted eastern flank associated with the Wilmington graben. These

values are slightly greater than those reported by Greene and others �975!

and Rudat �980!, but are consistent in terms of relative proportions.

There are at least two distinct reflectors in the mid-graben area which

may represent the Pleistocene-Holocene boundary. These two reflectors occur

approximately 35 and 45 m b.p.s.l., or about 10 and 20 m below

the sea floor. Vibracores in this area do not penetrate identifiabIe

Pleistocene deposits, therefore the upper reflector probably lies wihin the

Holocene stratal package. Poland and others �956! mention a secondary

standstill of the Holocene rise in sea 'Ievel, which allowed basal gravels to

accumulate beneath Bolsa Gap to the north. Such an event also might explain

the occurrence of one or more distinct seismic reflectors within the offshore



Holocene deposits.

In a general sense, the Wilmington graben is a broad syncline with its

axis aligned with the thickest part of Holocene channel-fill deposits.

Several distinct and continuous seismic reflectors occur within late

Pleistocene strata underlying the Holocene package. Such reflectors are quite

deep, and are obscured in many places by multiples. In the central part of

the graben, two major horizons occur approximately 70 and 75 m b.p.s.l. These

surfaces may be correlative with the uppermost Pleistocene strata described by

Fischer and others �977! at the shelf edge, but no lithologic or

palentologic data are available to support this concepts

Holocene Strata East of the Wil min ton Graben: East of the Wi lmi ngton

graben, late P'leistocene tectonism along the Newport-Inglewood fault zone

c reated relief on the order of tens of meters. This paleotopography resulted

in the deposition of fluvial strata and the occurrence of terraces. A similar

structural and sedimentologic style continued into the early Holocene, as the

eastern part of the San Pedro shelf is characterized by many small faults,

which controlled fluvial deposition during this time. Structural contours

shallow toward shore between the San Gabriel River and Newport Bay, which

reflects control by the coastal topography. Holocene strata between Bolsa and

Santa Ana gaps enable the identification of two lowered base levels along the

coast at approximately 25 and 45 m b.p.s.l.  Poland and others, 1956!. Lower

Holocene strata in Bolsa gap probably extend offshore and curve to the west.

Although stratal thicknesses generally agree with those proposed by

Greene and others �9/5! and Rudat �980!, differences exist regarding the

location and areal extent of zero Holocene thickness  Pleistocene sediment

exposures!. Both Greene and others �975! and Rudat �980! indicate a large

Pleistocene exposure just offshore of Anaheim Bay, but this is not evident on

obtained seismic profiles. Present data suggest that one, rather large
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Holocene channel extends from Anaheim Bay through the area of presumed zero

Holocene thickness. Further east along the coast, other areas of zero

Holocene thickness coincide with but are generally smaller in areal extent

than suggested by previous authors. These differences probably reflect the

difficulty of interpreting nearshore data due to obscuring multi ples.

Although the eastern boundary of the Wi lmington graben only can be

identified in Ouaternary strata as a series of small discontinuous faults, a

steeply-dipping flank within the faulted area occurs offshore of Huntington

Reach. Pleistocene strata beneath the Holocene cover in this area dip more

steeply and show greater fault separations than the Holocene deposits.

West of Newport submarine canyon, Holocene strata become as thick as 40

m, and can be divided into two distinct depositional packages. The lower

package is characterized by relatively strong, parallel, flat-lying,

rliscontinuous reflectors, which change seaward to obliquely prograding strata.

The upper packaqe is thickest nearshore and just west of Newport submarine

canyon, and is characterized by weaker reflectors occurring in a low-angIe,

S-shaped configuration. The relatively steep, prograding strata asssigned to

the lower unit formed in higher-energy depositional environments than the

low-angle progradi ng strata assigned to the upper unit  Mitchum and others,

1977!. A change from higher to lower mechanical energy can be accomplished by

a sea level rise or basinal subsidence, and/or a decrease in the volume or a

change in the type of sediment delivered to the shelf. Considering the

Holocene sea level rise, regiona1 and local tectonic activity and resultant

sedimentologic response, all of the factors probably contributed to the

observed stratigraphic relationships.

East of the Newport submarine canyon, the lower and upper Holocene units

extend for approximately l km, and then thin to a stratigraphic package
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generally less than 20 m thick.

Due to the marked variabi]ity of the upper Pleistocene and Holocene

sedi mentary packages in San Pedro Bay, the general lithology of each major

unit was presented in the preceding sections regarding " }uaternary

Stratigraphy."

Pleistocene sand samples  n = 25! in San Pedro Bay average about 0.40 mm

  1.32 phi! in diameter, and are moderately sorted  phi standard deviation =
0.91!. The sand fractions are generally negatively skewed, and range from

strongly coarse-skewed  phi skewness = -2.92! to strongly fine-skewed  phi
skewness = 0.36!. Kurtosis values range from very leptokurtic  phi kurtosis

1.09! to extremely leptokurtic  phi kurtosis = 4.62!.

Holocene sand samples  n = 317! average 0. 18 mm �.47 phi ! in diameter,

and are moderately well sorted  phi standard deviation = 0.69!. The Holocene

sand fractions also are generally negatively skewed, and range from strongly

coarse-skewed  phi skewness = -6.42! to strongly fine-skewed  phi skewness =

1.04!. Kurtosis values range from very leptokurtic  phi kurtosis = 2. 17! to
extremely leptokurtic  phi kurtosis = 67.72!.

Compositionally, the upper Pleistocene and Holocene sand samples from San

Pedro Bay are quite similar  Table 8!. As in Santa Monica Bay, most samples

may be classified as lithic arkose and a subordinate number as feldspathic
litharenite  NcBride, 1963!. Due to the relatively small size of the upper

Pleistocene sample set  n = 9!, critical comparison with the Holocene set is

not justified.

Observed pebbles and lithic clasts identified petrographically are

dominantly acid plutonic rock as well as gabbro, syenite, gneiss and basalt.

The presence of these lithologic constituents indicate that the San Gabriel
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Table 8. Summary of lithologic composition of sand from samp1es recovered
from San Pedro Ray.

HOLOCENELITHOLOGIC COMPOSITION TOTALUPPER

PLEISTOCENE

Mean 5

Monocrystalline Grains

1.021.040. 67

12. 21

0.580.56O. RZ

0. 940. 53 O. 97

Z. 682. 830.67

0.140.130. 27

1. 62l. 661. 14

4.084.153. 26

12.3113. 82 12. 19

3.132.985. 06

0.640.680. 11

7 ~ ZO7.276. 23

3.363.402. RR

0. 250.230. 44

Nonundulose nuartz

Undulose rIua rtz

Pl agi ocl ase Fel dspar

Potassium Feldspar

Pyroxene

Amphibole

Biotite

Magnetite-Ilmenite

Oua rtz wit'h 2-3 subunits

Ouartz with >3 subunits

Plutonic Rock

Metamorphic Rock

Volcanic Rock

Siliciclastic Rock

Al 1ochemi cal Constituents

Microcrystalline Ouartz

25. R2

12. 01

n= 115

Mean $

11.74

28.90

],1.47

n=124

Mean $

11.78

28.68

11.51



Mountains were the principal source terrain for quaternary strata in San Pedro

Bay. Yerkes and others �965! reached a similar conclusion. As in Santa

Monica Bay, feldspar predominates over quartz and plagioclase over k-feldspar

in both the upper Pleistocene and Holocene sample sets.

Potential Sand and Gravel Resources

The Preliminary "guick Look" Report on Offshore Sand Resources in

Southern Cali fornia  U. S. Army Coastal Engineering Research Center !

identified three potential borrow areas  A-I, A-II and A-III! that were

estimated to contain at least 349 x 10~ m~ of sand suitable for beach

nourishment and restoration  Fig. 22!. Additional seismic and vibracore data

available in the present study indicate that this estimate should be revised

to a minimum of approximately 243.9 x 10 m and a maximum of 349.4 x 10 m

for these three areas. Furthermore, two additional borrow areas  A- IV and

A-Il! have been 1ocated offshore of Kuntington Beach  Fig. 22!. The total
volume of suitable sand in these two areas range from 17.8 x 10~ ma to 33. 1 x

IO m , thus the total volume of suitable sand from the five potential borrow

areas in San Pedro Bay range from 261.7 x 10 m to 382.5 x 10 m . These

borrow areas are discussed in a format similar to that used for Santa Monica

Bay. The interested reader also might refer to Evans and others �982! who
discuss various aspects of offshore sand and gravel mining on the San Pedro

and San Diego shelves.

Due to the sedi mentologic and structural complexity of the San Pedro

shelf and adjacent coastal areas, three basic stratigraphic units are employed

for this resources analysis:   1! an older Pleistocene unit  PI!, which is

characterized by large-scale, planar cross-strata; �! a younger Pleistocene

unit  PII! characterized by indistinct reflectors; and �! undifferentiated
Holocene strata characteri zed by distinct, parallel seismic reflectors.



Potential Borrow Area A-III

Borrow area A-III is located between the 16 and 24 m isobaths southeast

of Palos Verdes Peninusla and south of the los Angeles-Long Beach breakwater

 Table 9, Figs. 22 and 23!. The strata included within this borrow area are

assigned to the undifferentiated Holocene package with minor quantities

assigned to Pleistocene units PI and PII  Fig. 24!. The target material

generally consists of fossiliferous, dark- to olive- to yellow-gray,

moderately- to well-sorted, fine- to medium-grained sand  Fig. 25!. This

borrow area is estimated to contain from 34.0 to 18.8 x 10 m3 of su~table

sand.

Potential Borrow Area A-ll

Borrow area A-II lies between the 2 and 29 m isobaths and extends from

the eastern end of the Los Angeles-Long Beach breakwater southeastward to

Huntington Beach  Table 10, Figs. 22 and 26!. These strata are assigned to

the undifferentiated Holocene unit with a minor quantity assigned to

Pleistocene units PI and PII  Fig. 27!. Lithologically, these beds consist of

dark- to medium-gray, moderately well-sorted, silty, fine- to medium-grained

sand  Fig. 28!. Borrow area A-II is the largest of the potential borrow sites

in San Pedro Bay, and is estimated to contain from 148.3 to 168.2 x 10~ m~ of

suitable sand.

Potential Borrow Area A-lV

Borrow area A-IU occurs between the 5 and 18 m isobaths south of

Huntington Beach  Table 11, Figs. 22 and 29!. This borrow area includes

subequal volumes of strata assigned to Pleistocene unit PII and the

undifferentiated Holocene unit  Fig. 30!. This deposit contains at least 11.3

x 10 m of suitable sand, which consists of dark-gray, moderately

well-sorted, pebbly sand, locally underlain by an olive-brown, poorly-sorted,



Table 9. Summary of potential borrow area A-III.

Type of Deposit:

Hndifferentiated Holocene strata and minor quantity of Pleistocene
units PI and PI I

Range in Mean Grain Size: n = 63

Minimum: 3.64 phi 0.08 mm

Maximum; 0.92 phi 0.53 mm

Mean: 1.90 phi 0.27 mm

Range in Thickness:

'Minimum: 2 meters

Maximum; 5. 2 meters

  x 10~ yd3!'Estimated Volume   x 10 m3!

Minimum: 34.0

Maximum: 7R.R

44. 5

103. 1

Ex pl a nat i on of value;Other:

Yihracores Penetrating Deposit:

A-16; V-I; A-=40; V-9; A-18; V-],9; V-2; Y-3; V-10; A-23

Hater Depth;

Minimum:

Maximum:

16 meters

24 meters



Figure P3. Isopach map of borrow area A-III with associated vibracore
numbers, sand suitability symbols, and tine of geologic cross section H-H'.



Figure 24. 4eo1og1c cross section H-H'.
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11/81Core nUmber: V-10

Total core lergth  cm!: 665

Date:

Sheet 1 of

Number of core sections: 3

Water depth  ft!: Vertical scale: l cm = 25 cm

Distance in cm
fram top of core ~Lo

Sand: fine-medium grained; ranges from clay silt size
material to medium sand; light olive gray � Y 5/2!;
shell fragments; gradational lower contact.

0-109

Sand; fine-medium grained; ranges from clay silt size
material thru medium sand; dark gray � GY 4/1!;
abundant shell fragments; sharp lower contact.

109-170

Sand: fine-medium grained; moderate yellow brown
710 YR 5/4!; abundant shell fragments; sharp
lower contact.

170-176

Sand: fine grained; ranges from silt to fine sand;
dark grey  N3!; sparse shell fragments.

176-222

Figure 25.1 Log of vibracore V-10 which is illustrative of the sedimentologic
character of borrow area A-III.



Core nUmber: -10

T W  

Vertical scale: 1 cm = 25 cnWater depth  ft!:

~Lo

Sand: fine grained; ranges from clay-silt material to
some coarse pebbles; olive gray � Y 3/2!; abundant
shell fragments; sharp lower contact.

222-252

Sand: fine-medium grained; ranges from fine sand to
cobble size; dark gray  N3!; sharp lower contact.

252-267

Sand: fine-medium grained; yellow gray � Y 7/2!;
some layering shown by concentration of darker
material; sharp color change below.

267-277

Sand: fine-grained; medium dark gray  N4! to dark
gray  N3!; slightly mottled appearance; sharp
lower contact.

277-390

Sand; fine-medium grained; yellow gray � Y 7/2!;
contorted looking bed; sharp, comforted lower
contact.

300-305

Sand: fine grained; gray black  N2!; gradational
lower contact.

305-323

Sand: fine grained; medium dark gray  N4!; gradational
contact concave up,

32 3-357

Sand: fine-medium grained; yellow gray � Y 7/2!;
gradational lower contact.

357-377

Sand: fine-medium grained; green gray � GY 6/1!;
mottled with fine-medium sand colored dary gray  N4!.377-459

Figure 25. 2 Log of vibracore V-10 which is i11ustrative of the sedirnento1og ic
character of borrow area A- I I I .
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Distance in cm
trcm tap of core

Date: ll 81

Sheet 2 of



~ - ~ ~

Core number: Date: 11 81V-10

*e "  Sheet 3 of

Water depth  ft!: Vertical scale: 1 cm 25 cm

Distance ia cm
fran top of core

Sand; fine-medium grained; 2 basic colors; dary gray
~N3! and green gray � GY 6/1!; darkness is a

function ot high C of dark minerals, not organics.

459-542

Sand: fine-medium grained; interbedding between beds
colored dark gray  N3! and green gray � GY 6/lj;
noticable lack of fossil fragments in this whole
core; interbeds here dip at 60' angle due to
vibracores going in at an angle.

542-640

Sand: fine-medium grained as in 459-542.640-665

Figure 253 Log o
character of borrow area A-I I i,
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f vibracore V-l0 which is i 1 lustrative of the sedimentologic



Table 10. Summary of potential borrow area A-II.

Type of Deposit:

Undifferentiated Holocene strata and minor quantity of Pleistocene units
PI and PI I

Water Depth:

Mi nimum;

Maximum:

7 meters

29 meters

Range in Mean Grai~ Size; n = 93

Minimum: 3.64 phi

Maximum: O.54 phi

2,17 phiMean:

Ranqe in Thickness:

Mi nimum: <2 meters

5.5 metersMaximum;

Vibracores Penetrating Deposit:

A-38; V-15; V-5, V-22; V-28; V-6; V-23; V-27; V-24; A-10; V-25;
A-12; V-30
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Estimated Volume   x 106 ms!

Mi nimum: 148. 3

Maximum; 168. 2

Other:

O.OR mm

0.69 mm

0.22 mm

  x 10' yd3!

194.0

220.0

Explanation of value;
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Figure P6. Isopach map of borrow area A-II with associated vibracore
numbers, sand suitability symbols, and line of geo1ogic cross section I-I'.
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Figure 27. Geologic cross section I-I'.



Date: 11/81Core camber: V-25

530 Sheet 1 of 2Total core length  cm!:

Number of core sections:

Water depth  ft!: Vertical scale: 1 an 25 an

Distance in cm
from top of core

~Lo

Sand: silty very fine grained; moderately well
sorted; olive black � Y 2/1!; slightly micaceous;
scarce shells sharp lower contact.

0-36

Sand; silty fine-medium sand; moderately well sorted;
oxidized a light olive brown � Y 5/6! to moderate
olive brown � Y 4/4!; slightly micaceous; sharp
inclined lower contact.

36-52

Silt: medium bluish gray � 8 5/1!; micaceous; sharp
inclined lower contact.

52-59

Sand: silty very fine to fine sand; moderately well
sorted; slightly oxidized to olive gray � Y 4/1!;
micaceous with much muscovite; sharp inclined
lower contact,

59-70

Silt: clayey silt seam; medium bluish gray � 8 5/1!;
sharp lower contact.

70-74

Sand: silty very fine to fine grained; moderately
well sorted; medium gray  N5! locally oxidized
to a dark yellowish orange   10 YR 5/6!; sharp
lower contact.

74-100

Silt: clayey sHt; medium bluish gray � 8 5/I!;
micaceous.

100-105

Sand: silty very fine sand to sandy silt; moderately
well sorted; medium blue gray � 8 5/1! to medium
dark gray  N4! with a few thin oxidation horizons;
sharp lower contact.

105-177

Rip up clast of mudstone composed of a silty clay;
dusky yellow � Y 6/4! to medium bluish gray
� B 5/1!; sharp lower contact.

177-182

Silt: clayey silt grading to a very thin bedded
silty very fine to fine sand; moderately well
sorted; medium bluish gray � B 5/1! to medium
dark gray  N4! locally mottled by oxidation
 moderate yellowish brown, 10 YR 5/4!.

182-246

Figure 28.1. Log of vi bracore V-25 which is illustrative of the sedimentalogic
character of borrow area A-I!.



Core nUmber: 11 81Date:

Sheet 2 of

Vertical scale: 1 cm - 25 cmWater depth  ft!:

Distance in cm
fran toIn of core

~Lo

246-345

345-399

399-442

442-530

F igure 28. 2 Log of vibracore V-25 which is i l lustrative of the sedimentolog i c
character of borrow area A- I I .
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Sand: silty very fine grained grading downward to a
silty, sandy, pebbly gravel; color ranges from
medium gray  N5! to an olive black � Y 2/1!
downward; pebbles are up to 2-3 cm and are
subangular to subround granitics and siltstones;
sharp lower contact.

Sand: slightly granular mud by fine to medium sand;
poorly sorted; medium dark gray  N4!; one large
pebble at 590 cm.

Sand: silty fine to medium grained; moderately sorted;
medium dark gray  N4!; sandstone and plutonic
pebble 9 base: some granules and small pebbles
throughout; sharp lower contact.

Sand; silty fine to medium sand; poorly sorted; grade
downcore to a silty pebbly granular medium-coarse
and; olive black � Y 2/1! locally oxidized to a
moderate brown � YR 4/4!.

n

' o'-; o ' Q '
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Table I I. Summary of potential borrow area A- IV.

Type of Deposit:

Pleistocene unit PIi and undifferential Holocene strata

Water Depth:

Minimum:

Maximum:

Range in Mean Grain Size: n=7

3 meters Vibracore and seismic coverage insufficient to
i sopach

Maximum:

Estimated Volume   x 10 m !   x 10 yd !

Minimum: Il,3

Maximum:

Explanation of value:Other:

Vibracores Penetrating Depos i t:

V-2g; H-5
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5 meters

I8 meters

Minimum: 3.47 phi

Maximum: 1.00 phi

Mean: 2.04 phi

Range in Thickness:

Minimum:

Q. 03 mm

0,50 mm

0.24 mm



Figure 29. Hap of borrow area A-IV with associated vibracore numbers, sand
suitability symbols, and line of geologic cross section G-G'.

80



Figure '3A. heo1oqic cross section  l-G'.



~ e ~

Core number: Date: ll 81

Sheet l of

Number of core sections:

Vertical scale: 1 cm ~ 25 cmWater depth  ft!:

Figure 3l. Log of vibracore V-29 which is illustrative of the sedimentologic
82 character of borrow area A-I'lt,

Distance in cm
from tap of core

Rth   !:~



sandy gravel  Fig. 31!. The lower gravel may be better suited for

construction aggregate.

Potential Borrow Area A-V

Borrow area A-V is located between the 22 and 29 m isobath south of

Huntington Beach and borrow area A-IV  Table 12, Figs. 22 and 32!. The target

material is assigned to the undifferentiated Holocene package, and consists of

olive-gray, sparsely fossiliferous, moderately-sorted, fine- to coarse-grained

sand  Figs. 33 and 34!. Borrow area A-V is estimated to contain from 6.5 to

21.8 x 106 m~ of suitable sand.

Potential Borrow Area A-I

Borrow area A-I lies offshore between the Santa Ana River and Newport

Beach in water ranging from 5.5 to 42 m deep  Table 13, Figs. 22 and 35!.

These strata are assigned to the undifferentiated Holocene unit, and consist

of olive-gray to olive brown, fossiliferous, moderately well-sorted, silty,

very fine- to fine-grained sand  Figs. 36 and 37!. This borrow area contains

from 61.6 to 102.4 x 10~ ma of suitable to marginally suitable  fine! sand.
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Table 12. Summary of potential borrow area A-Y.

Type of Deposit:

Undifferentiated Holocene strata

Water Depth:

ZZ meters

29 meters

Range in Mean Grain Size:

Minimum: 2,64 phi

Maximum: 1.60 phi

n = 7

2.16 phiMean:

Range in Thickness:

Minimum:

Maximum:

3 meters Vibracore and seismic coverage insufficient to
isopach

Estimated Volume   x 10 m !   x 106 yda!

8 ~ 56.5

28.521.8

Explanation of value:

Vibracores Penetrating Deposit:
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Minimum:

Maximum:

Minimum;

Maximum:

Other:

0.16 mm

0.33 mm

0.22 mm
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Figure 32. Map of borrow area A-V showing minimum and maximum areal extents
with associated vibracore numbers, sand suitability symbols, and line of
geologic cross section F-F'.



Figure 33. heologic cross section F-F'.



11/81Core raxnber: K-7 Date:

Total core length  cm!: Sheet 1 of215

Number of core sections:

Water depth  ft!: Vertical scale: I cm 25 cm

Distance in cm
from top of core ~Lo

Sand: silty very fine grained; olive gray 5 Y 4/1
micaceous; sparsely fossiliferous; irregular contac

500

0-27

Sand: fine grained; moderately sorted; medium light
gray  N6!; fossiliferous; sharp color change below.

27-39

Sand: fine grained; ranges from very fine to medium
sand; moderately sorted; olive gray � Y 3/2!;
sparsely fossiliferous; sharp lower contact.

39-58

Sand: fine-medium grained; moderately sorted; color
range from medium light gray  N6! to olive gray
� Y 4/1!.

58-67

Sand: medium to coarse grained occurring in the cente
of the core; the sides are as above; sharp lower
contact.

67-72

Sand: fine to medium grained; moderately ta poorly
sorted; olive gray � Y 3/2!; there are vertical
stringers colored light olive gray � Y 6/1!;
sharp lower contact.

72-83

Sand: fine to coarse grained; poorly sorted; olive
gray � Y 3/?!; there are vertical stringers
colored light olive gray � Y 6/1!; sharp lower
contact,

Sand; medium grained; moderately well sorted; light
olive gray � Y 6/I!; sparse fossils; sharp lower
contact.

91-100

Sand: very fine to fine grained; ranges from very
fine to medium sand; moderate to poorly sorted;
medium olive gray  N4!; abundant biotite; sharp
lower contact.

100-103

Sand; coarse grained; well sorted; light olive gray
~5 Y 6/1!; sparsely fossiliferous; sharp lower

contact.

103-110
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Figure 34. Log of vibracore H-7 which is illustrative of the sedimentologic
character of borrow area A-V.



Table 13. Summary of potential borrow area A-I.

Type of Reposit .

i'Indi fferentiated Holocene strata

Water Depth:

Minimum: 5.5 meters

Maximum. 49 meters excluding Newport submarine canyon

Range in Mean Grain Size: n = 23

Minimum: 3.32 phi

Maximum: 1.09 phi

2.53 phiMean:

2 meters

6 meters

  x 106 yda!

80.6

133. 0

Explanation of value:

Vibracores Penetrating Oeposit:

A-5; H-2; H-1; A-ll
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Range in Thickness:

Minimum:

Maximum:

Estimated Volume   x 10~ m~!

Mi nimum: 61. 6

Maximum-. 102.4

Other.

0.10 mm

0.47 mm

0.17 mm
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L

0
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Figure 1~. Isopach map of borrow area A-I with associated vibracore numbers,
sand suitability symbo1s, and line of geologic cross section J-J'.



Fiqure 36. C'eologic cross section J-J'.
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Core number: K-2 Date: ll 81

Total core 1ength  cm!: of 1Sheet ]243

Number of core sections:

Water dep&  ft!: Vertical scale: 1 cm = 25 cm

Distance m cm
fromm top 0f core

~Lo

Sand: very fine grained; moderately to well sorted;
moderate olive brown � Y 4/4!; micaceous; slightly
fossiliferous; gradational contact.

0-20

Sand: small pocket of very fossiliferous sediment
as above; sharp lower contact.

20-? 3

Sand: silty very fine sand; well sorted except for
fossil debris; grayish olive �0 Y 4/2!; highly
micaceous  muscovite!; coarse fossil debris
confined to 112-115 and 100 cm; sharp lower contact

23-155

Sand: as above except on right side of core is a
fossiliferous fine sand with a color change to
moderate olive brown � Y 4/4!; sharp lower contact

155-163

Sand: very fine grained; moderately well sorted;
olive gray � Y 3/2!; very micaceous  muscovite!:
fossiliferous.

163-187

Sand: very fine to fine grained; moderately olive
brown � Y 4/0!; sharp lower contact.

187-190

Sand: silty very fine grained; olive gray � Y 3/2!;
micaceous; sharp contact.

190-205

Sand: silty very fine grained; olive gray � Y 3/2!;
micaceous; abundant shell fragments.

205-243

Figure 37. Log of vibracore H-2 which is illustrative of the sedimentologic
character of borrow area A-I.





III. DANA POINT AREA, ORANGE COUNTY

The Dana Point segment extends from Dana Point to San Mateo Point  Figure

1 j. The offshore area southeast of Newport submarine canyon to Dana Point was

not sampled because of the narrowness of the shelf, the marked decrease in

sediment volume as compared to San Pedro Bay, and the occurrence of numerous

kelp stands.

The ten vi bracores obtained i n thi s area   9-1 through D-10! were taken

during October, 1979 aboard the crane barge Geronimo with Meridian Ocean

Systems, Inc., acting as contractor. Vibracore locations for this shelf

segment were selected with the aid of a Holocene sediment isopach map prepared

under the direction of P. 3. Fi scher. Locations were chosen wher e the

generally fine-grained Holocene sediment cover was absent or relatively thin.

Recovered cores range from 0.20 to 4.35 m in length, and average 2.4 m. Hhere

the Holocene cover is either absent or completely penetrated by the

vi bracores, dense friable sandstone was encountered. This sandstone is

thought to repr esent the Miocene Vaqueros Formation.

Due to the apparent absence of coarser-grained Pleistocene sand and

gravel packages along the Dana Point shelf segment, the only possible source

for suitable sand is within the Holocene package. Dnfortunately, the

character of the Holocene strata in this area is not promising. This sediment

typically is an olive-gray, mi caceous, silty, very fine- to fine-grained

sand. There are laminae of mud and clayey silt expressed as thin darker

strata within the vi bracores. The finer-grained character of the Holocene

sediment in this segment probably reflects the relatively lower-energy,

sheltered environment of this inner shelf area  Fischer, and others, 1982!.

Although occasional medium-grained sand intervals occur in the vibracores

from the Dana Point segment, the average grain-size diameter of the sand
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Figure 3R. Map of area III showing vibracore locations with associated sand
suitability symbols and bathymetry.



fraction of 54 samples is 0.09 mm �.41 phi!, and the phi standard deviation

is 0.46. Thus the sand fraction of these samples consists of well-sorted,

very fine-grained sand. Although the sand fraction itself fa1ls in the

marginally fine category in the sand suitability sea Ie  Fig. 4!, it is admixed

with an average of 41.5V, silt and clay  less than 0.0625 mm in diameter!,

which renders the entire Holocene package as unsuitably fine. Thus it does

not appear that the shelf segment between Dana Point and San Mateo Point will

yield sediment deposits suitable for beach restoration and nourishment.
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IV. THROUGH Vill., SAN DIEGO COUNTY

Introduction

Study areas IY through IIII are on the continental shelf offshore of San

Diego County, California  Fig. 1!. These occur in an area approximately 100

km long, which ranges in width from about 17 km offshore of San Diego Bay to

less than 1 km at La Jolla, where the Scripps and La Jolla submarine canyons

cut close to shore. The shelf break in this area is at an approxiamte depth

of 100 m. The shelf is transected by three major submarine canyons namely,

the Carlsbad, La Jolla-Scripps, and the Coronado. The coastline is cut by

many streams, which play an important role in the nearshore  !uaternary

depositional history.

The mainland shelf of San Diego County is part of the Peninsular Range

province {Reed, 1951; and Jahns, 1954!, which extends frown the Los Angeles

basin well into the Baja California peninsula. The basic stratigraphy of the

San Diego County coast consists of a baseinent complex, upon which Cretaceous,

Tertiary and Quaternary strata have been deposited.

The basement complex of the Peninsular Ranges consists of plutonic,

metainorphic and volcanic rocks. Granite, granite monzonite, quartz monzonite

and granodiorite occur in the Mesozoic Southern California batholith

 Jennings, 1977!, which is the core of the Peninsular Ranges and accounts for

most of the exposed bedrock in San Diego County. Other basement rocks include

schist, volcanic and metavolcanic rocks, and relatively small occurrences of

Mesozoic basic intrusives, mainly gabbro and dioritic rocks.

Blake �865!, Dali �898!, Fairbanks �898!, Lliis and Lee �91 9!, Hanna

�926!, and Hertlein and Grant �954! mapped and described the geology of San

Diego County. Strand �962!, Rogers �965! and Jennings �977! compiled more

regional geologic maps that include San Diego County. In ~nore detailed
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studies, Moyle �973! and Young �980! mapped the coastal area from Camp

pendleton to Carl sbad; Wilson �972! from Carlsbad to Solana Reach; and

Kennedy �969, 1976! and Kennedy and Tan �977! from Solana Beach to the

international border.

A thick sequence of Cretaceous and Tertiary marine and terrestrial strata

were deposited on the basement complex in San Diego County. The stratigraphy

of the San Diego area has been presented in some detail by Kennedy and Moore

�97la, 1971 b!, Kennedy �973!, Gastil and Higley �977!, and Kuper and Gastil

�977!. U li ot �973, 197'! published stratigraphic correlation charts for

parts of San Diego and Orange Counties. Quaternary marine terraces of the

onshore San Diego area have been studied by Kern �973, 1 977!, Ku and Kern

�974!, Wehmiller and others �977!, and La,]oie and others �979!. Many other

studies, too numerous to mention here, have been completed concerning the age

relationships, sedimentology and provenance of specific Cretaceous and

Cenozoic formations of San Diego County. Most recently, many papers dealing

with Cretaceous, Focene and Miocene strata in San Diego County have been

published in volumes edited by Abbott �979a, 1979b! and Stuart �979!.

The structural geology of onshore San Diego County has been studied by

Reed and Hollister �936!, Wilson �972!, Ziony �973!, and Hannan �975!.

Artim and Pinckney �973! and Elli ot and Hart �977! studied the La Nacion

fault system in the onshore San Diego Ray area. The onshore Rose Canyon fault

has been studied by Kennedy �975!, Gastil and others �979!, and Threet

�979!.

Structurally, the San Diego shelf is very complex. For most of its

length, it is transected by the Newport-Inglewood-Rose Canyon fault zone,

which extends from the southern edge of the Transverse Ranges, through the Los

Angeles basin, trends offshore at Newport beach and back onshore at La Jolla,
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through Rose Canyon and the San Diego Bay and Bight. It is generally agreed
that the features associated with the Newport-Ing'Iewood-Rose Canyon fault zone

can be accomodated by the right-slip wrench tectonic model of Moody and Hill

 lq56!, Harding �973!, and Wilcox and others �973!, in which the right
lateral strike-slip component is accompanied by secondary compressional and

tensional components. Various models have been proposed to explain the

tectonic setting of this fault zone  Junger, 1976; Greene and others, 1979;

Reed and Hollister, 1936; Yerkes and others, 1965; Atwater, 1970; Hi 11, 1971;

and Crouch, 1979!.

The geology of the mainland shelf of San Diego County was examined first
in studies of the southern California continental borderland by Emery and

Shepard � 945! and Emery � 954!. Wel day and Williams   1 975! described shelf
sediment for the entire California continental shelf. Stevenson and others

�95'! and Wimberly �964! examined the southern Cali fornia area: Inman
�953! and Wimberly �955! examined the La Jolla area: and San Diego Marine
Consultants �959, 1961! examined the area from Mission Beach to the
international border. Butcher � 951a, 1 951b! and Emery and others � 952!

studied sediment from Coronado Bank and the shelf offshore of San Diego.

Heavy minerals in southern California shelf sediment have been studied by
Azmon �960! and Rice and others �976!.

Seismic reflection profiling of the offshore San Diego area was initiated

in studies by Moore �957, 1960!. Emery �958! identified terrace-like
features related to bottom topography using echo-sounding profiles. Seismic
retlection studies by Moore �966!, Uedder and others �974!, Greene and
others �979!, Legg �979!, and Legg and Kennedy �979! encompass the entire
continental borderland. Byrd and others �975!, Henry  I976!, Henry and
others �976!, and Fischer and others �982! used seismic reflection data to
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estimate the thickness of unlithi fied sediment on the San Diego shelf. Young

�9RO!, Ticken  in preparation! and Webb  in preparation! used seismic data in

more comprehensive studies of the shelf. White �969!, Moore �972!, Crane

�977!, Kennedy and others �980a, 1980b! and Darigo  in preparation! have

mapped the stratigraphy and structure of the shelf and inner borderland af

southern San Diego County from seismic information. Darigo  in preparation!

is particularly relevant to the present study.

Methods

A methodology similar to that used in Santa Monica and San Pedro Bays was

employed to examine the Ouaternary stratigaphy and structure of the San Diego

shelf; however, geophysical and vibracore coverage is sparse compared to that

available for other coastal seqments. Therefore, more uncertainity is

associated with volumetric and sand suitabil~ty estimates for each of the

twelve  SD-I through SD-YII! potential borrow areas identified in this area.

The geophysical data consist of approximately 450 km of Uniboom and 3.5

kHz high-resolution seismic profiles as well as side-scan so~ar data. These

data were taken simultaneously by Woodwar d Clyde Consultants, under contract

to the U. S. Army Coastal Engineering Research Center, aboard the M/V Polaris

in October and November, 1979. The Uniboom data provided the major source of

information for the present study. Inasmuch as the Uniboom frequency varied

fram r1.4 to R.O kHz, associated limits of resolution range from approximately

4 m to less than 1 m. Most of the data used for the present study has a

resolution limit near 1 m. Additional information regarding equi pment

specifications for the Uniboom and other geophysical systems are available in

a report by Woohward Clyde Consultants �979!.

A total of 49 vibracores totalling approximately l22 lineal m were

recovered from the San Diego shelf by Ocean Surveys, Inc., under contract from
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the ll. S. Army Coastal Engineering Research Center, during February 1981. The

reovered cores range from 0.73 to 5.72 m long, and average 2.84 m. All

vibracores were logged and reposited in the Sedimentary Petrology Laboratory

at the i/niversity of Southern Cali fornia.

Conventional grain-size analyses were performed on 168 sediment samples

selected from the cores, and petrographic modal analyses were performed on a

total of 81 samples, of which 53 were from San Diego Bay. More detailed

sediment data are provided in the following discussion of each of the San

Diego shelf segments. Again, relevant core and sediment sample data are

provided in Appendices A through 0.





IV. OCEANSIDE AREA, SAN DIEGO COUNTY

Introduction

The quaternary geologic history of the Oceanside shelf segment  Figs. 1

and 39!, like most of nearshore San Diego County, is strongly influenced by

the Newport-englewood fault zone. Its main component in the offshore

Oceanside area is a fault zone approximately 1 km wide, which is continuous

with the South Coast fault zone mapped by Greene and others �979!, Legg and

Kennedy �979! and Young �980!. The South Coast fault zone occurs

approximately 7 to 8 km offshore of the middle Camp Pendleton area, and about

5 to 6 km offshore of the Santa Margarita River  Young, 1980!. From the

northwest edge of the present study area  Fig. 39!, this fault zone trends

southeast to a location 2.4 to 4.3 km offshore of Lorna Alta Creek, where it

trends south-southeast to just offshore of Aqua Hedionda Lagoon, and then

continues to the south. Of secondary importance is a north-trending structural

element, which is expressed in the offshore Oceanside area as several

discontinuous, subparallel faults extending seaward from Buena Vista and Aqua

Hedionda Lagoons. Due to the shallow penetration of the seismic data

nearshore, it is difficult to determine whether or not these faults continue

otishore; however, they are on trend with several mapped by Moyle �973! and

Young �980! in the Oceanside-Camp Pendleton area. The faults offshore of
Aqua Hedionda Lagoon show the greatest Holocene offset of any faults in the

Oceanside area, but do not appear to break the sea floor  Darigo, in

preparation!. Another set of north-trending faults occurs offshore of Camp

Pendleton, and intersects the coast immediately south of the San Onofre Nuclear

Power Plant, where it is named the Christianitos fault. Like the onshore

faults at Oceanside, the Christianitos fault does not transect Pleistocene

terrace deposits  Hunt and Hawkins, 1975!. Wilson �972! identified two

103



104

Figure 39. Map of area II|' showing locations of borrow areas SD-I and SD-II
with associated vibracore numbers and sand suitability symbols.



north-trending faults that intersect the coast in the Leucadia-Encinitas area

south of Oceanside that do not cut Pleistocene terrace deposits.

Stratigraphic units occurring both onshore and offshore in the Oceanside

segment include the Eocene Santiago Formation, the Miocene San Onofre Breccia

and Monterey Formation, the Miocene-Pliocene Capistrano Formation, the

Pliocene San Mateo Formation, and various Ouaternary deposits. East and south

of the Oceanside area, the Tertiary and Ouaternary strata are underlain by

rocks assigned to the Cretaceous Rosario Group and the Jurassic Santiago Peak

volcanics. Although nomenclature varies, the sedimentary units in the

Oceanside area are, in general, equivalent to units described in Orange and

southern San Diego Counties.

Quaternary Stratigraphy

Upper Ptehatocene Strata

Stratigraphy: The upper Pleistocene stratigraphy and geologic history of

the Oceanside segment are discussed thoroughly by Darigo Iin preparation!.

A complex sequence of Pleistocene terrace, progradational marine, channel

and fault-ponded deposits occur offshore of Camp Pendleton  Young, 1980;

Oarigo, in preparation!, Offshore of the southern part of Camp Pendleton,

Young �<!RO! identified a stratigraphic sequence of probable Pleistocene age,

which fills a trough between the South Coast fault zone and the shoreline.

This sedimentary package consists of four units  A through D!, each of which

is characterized by its seismic signature and stratigraphic position. All

four units occur on the sea floor at va rying positions along the edges of the

trough, where they are truncated by erosion.

The structural trough, representing a faulted syncli ne, probably extends

into the northern half of the Oceanside segment, where it shallows and merges

with the South Coast fault zone. Young's units A and 8 either wedge-out
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southward or were eroded by channeling of the Santa Margarita and San Luis Rey

Rivers. A seaward-dipping unit with parallel reflectors appears in the

northern part of the study area, which may represent Young's unit C.

A progradationa1 marine package over1ies a marine abrasion platform,

which truncates unit C along the northern edge of the Oceanside segment and

Tertiary strata farther south. Young �980! tentatively correlated this

marine unit with unit D, because the two units occur at approximately the same

depth near the shelf break  RO to 100 m b.p.s. 1.!. The abrasiona1 platform is

a combination of' two terraces with shoreline angles at 46 to 50 and 56 to 59 m

b.p.s.l. These two shoreline angles do not occur in the northern part of the

Oceanside segment, but do appear further south, and it appears that the

shallower terrace is older than the deeper one, as the deeper one truncates

the seaward edge of the other.

Pleistocene unit D overlies these terraces in a continuous strip along

the Oceanside shelf, and is characterized as a lense-shaped unit with

sigmoidal reflectors. According to Ptitchum and others �977!, the sigmoidal,

progradational configuration suggests continued upbuilding of the topset beds
coincident with prograding of the middIe segments, which, in turn, implies a

relatively low sediment supply, a rapid rise in sea level to permit

preservation of topset beds, and a low-energy depositional environment.

Sangree and Widmier �977! suggest that such a configuration implies the

occurrence of a shelf-margin, progradational slope environment, which allows

for hemipeIagfc deposition from low velocity currents and some wave or fluvial

influence for the shallower zones.

Unit D ranges from 15 m thick in the northern part of the area to 7 m in

the southern part. This difference in thickness probably is related to the

position of local sediment sources and local tectonic activity
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 Young, 19RO; Darigo, in preparation!. Unit D was deposited before the late

Pleistocene sea level low, about 15,000 to 20,000 years ago, which immediately

preceded the Holocene transgression  Bloom and others, 1974!.

Other offshore Pleistrocene strata on the Oceanside shetf include terrace

deposits, fault-ponded sediment, basal gravel deposits, and an estuarine

sequence. Two sets of terrace deposits occur north of the study area  Young,

lgRO!. These deposits overly Miocene, Pliocene and Pleistocene unit D strata,

but do not extend as far south as Oceanside.

Fault -ponded Pleistocene deposits occasionally occur along the South

Coast fault zone, but are di fficult to measure because they are either tao

thick for seismic penetration or are infilled with upwelling gas along the

fault zone. One such deposit occurs offshore of Carlsbad, where a

down dropped fault block permitted the accumulation of more than 4O m of

oleistocene strata.

A Pleistocene channel-fill deposit over 40 m thick occurs offshore of

Aqua Hedionda Lagoon. It is cut into Eocene strata, and is erosionally

truncated an top by the 56 to 59 m b.p.s.l. terrace. This channel may have

been related to the Ca rlsbad submarine canyon, and may have been a pathway for

sediment from the Aqua Hedionda river valley during the middle Pleistocene.

During the late Pleistocene and Ho!ocene, sediment from Aqua Hedionda was

' ransported south parallel to the coast or tunneled through the present

Carlsbad submarine canyon.

A Pleistocene sequence containing estuarine, channel and slope wash facies

occurs in a strip 7OO m wide along the inner shelf between Lorna Alta Creek and

San Luis Rey River. This unit is parallel to shore from its northern extremity

near the Oceanside pier, where it is truncated by later San Luis Rey river

channeling, to just offshore of Ruena Vista Lagoon, where it abuts
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against Eocene bedrock due to faulting. The estuarine facies of this sequence

generally overlies and grades into channel facies, and together they attain a
thickness as much as 25 m. The slope wash facies is from 61 to 122 m wide, as

much as 20 m thick, and was constructed against Tertiary bedrock. Internally,

the estuarine facies consists of very flat, very continuous, thinly-layered,

parallel, high-amplitude reflectors, which are concordant with top and bottom
boundaries. According to Sangree and Widmier �977!, high continuity implies

stratal continuity over a wide area, and high-amplitude interbedding of strata

with distinctly different seismic velocities. In the Oceanside area, this

sedimentary package probably represents fluvial strata interbedded with marsh
deposits within an overall shelf sequence. This estuary trended parallel to
the coast, and probably received sediment from the San Luis Rey River. The
mouth of the main channel was halfway between the Oceanside pier and Lorna Alta

Creek, whereas the coastal marsh probably extended farther south.

The estuarine facies grades laterally and downward into a channel-like

facies. This unit contains less continuous, lower amplitude, occasionally

chaotic reflectors with small-scale, channel-like reflectors in the upper 5 m.

The low continuity and low amplitude reflectors indicate a higher

mechanical-energy depositional environment and more homogenerous sediment. than

occurs in the estuarine facies. The slope wash facies contains discontinuous,

low-amplitude reflectors, which prograde from the adjacent bedrock.
The youngest Pleistocene deposits on the Oceanside shelf are basal

gravels associated with the floors of the major r~ver valleys. Four of the
five major river valleys along the Oceanside coastal segment probably contain
basal gravel deposits; namely the Santa Margarita, San Luis Rey, Lorna Alta,
and Aqua Hedionda valleys. This unit cannot be clearly identified on the
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available seismic profiles due to limited penetration of the over lying

Holocene strata and gradational contacts between Pleistocene and Ha1ocene

channel-fill deposits ~ The extent and configuration of these Pleistocene

channels is best described by the distribution of thick Holocene fi11 shown on

the Holocene isopach map prepared in conjunction with this report. The

distance a basal gravel deposit extends offshore depends on the shel f width

and the position of the shoreline during the pre-Flandrian low sea level

stand. It is evident from the Holocene isopach map that the old shoreline

trended hl. 5'' W. as compared to the present trend of approximately N. 35' W.

Seismic data offshore af Ruena Vista Lagoon show no major channel-fi11

deposits similar to those of the other major river valleys ~ The reason f' or

this is not clear, but it may be related to local faulting.

Lithology: Vibracore 1884 probably ceased penetration at the inferred

Pl ei stocene-Holocene boundary, therefore Pl ei stocene sediment was recavered

only from core 1970. This core penetrated 53 cm of the slope wash facies of

the upper Pleistocene estuarine sequence, and the recovered sediment is a

dusky yellow to grayish black, very micaceous, moderate1y-sorted,

medium-grained sand. The base of the overlying Holocene mar ine unit contains

pebbles and cabbies fram 1 to 8 cm in diameter.

Holocene Strata

than that of the Pleistocene. Henry �976!, Fischer and others �982! and

Young �98ri! assigned all of the Holocene strata to a marine facies; however,

oscillating sea levels during the Holocene and dissecting coastal streams

preclude the possiblity that only marine sediment accumulated on the inner

shelf during the general Holocene transgression. Therefore Holocene strata

are assigned to hoth marine and nonmarine facies in this report.
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The Holocene isopach map shows that the thickest sections occur where

pre-existing river valleys were filled during the Holocene transgression.
nuring the transgression, aggradation of the channel-fill sediment accured
with rising base level; and there was an adequate sediment supply to the river
valleys, because nowhere are they expressed as "starved basins"; instead they
are completely fil led and, in most places, buried by marine sediment. The
thickest section of the Holocene nomarine facies occurs at the coastline;

however, seismic data was unable to penetrate it completely. the thickness
of Holocene strata near the mouth of the San Luis Rey River is approximately
'50 m, and the same may be true for the mouth of the Santa Margarita River.
Inasmuch as the available seismic data did not penetrate the entire thickness
of channel-fill deposits nearshore, only minimal thicknesses could be plotted

on the isopach maps.

The Holocene isopach map suggests that the Santa Margarita, San Luis Rey

and Lorna Alta river valleys coalesce into one, longshore-trending, estuarine
channel. T' he offshore edge of this channel delimits the offshore limit of the
Holocene nonmarine facies. Sediment escaping the estuary would have been

resedimented by shelf wave and currents into various marine enviornments or
would have washed down the small, unnamed submarine canyon, which transects
the shelf in the northwest corner of the study area. If this longshore
channel was an estuary, it probably was filled rapidly with the rising sea

level, and it most likely contains more homogeneous and coarser-grained
sediment than the pleistocene estuarine sequence preserved in the inner

shelf.

The Holocene nonmarine facies contains two types of seismic signatures.

The first consists of moderately continuous, moderately high amplitude,

thickly-layered, parallel reflectors; and the second consists of low



amplitude, occasionally chaotic reflectors, which sometimes occur in

small-scale, sloping, concave or channeled configurations. The first type

occurs mainly in the lower half of the longshore channel; whereas the second

occurs in the upper half of the channel, and represents the entire section of

nonmarine strata in stream valleys closer to shore. The second type of

signature occurs everywhere north of the San Luis Rey River valley above

approximately 20 m b.p.s. I., which implies that by the time the sea had risen

to this level, the San Luis Rey and Santa Margarita drainage systrems had

completely merged into one broad awluvial plain in the present middle to inner

shelf areas.

The channel fill extendi ng from Aqua Hedionda Lagoon does not merge with

other channel fill to the north, but is incorporated with marine facies

trending parallel to shore.

The Holocene marine fac~es attains a maximum thickness of approximately

2O m in the middle shelf area, and thins to zero in the nearshore area. The

ma ri ne facies overlies Pleistocene unit O on the middle to outer shelf, the

Pleistocene estuarine sequence along the inner shelf between the San Luis Rey

River and Lorna Alta Creek, and Miocene and Eocene strata in the southern part

of the Oceanside segment where no Pleistocene strata exist. Oarigo  in

preparation! identified at least five terraces and associated shoreline angles

within the Holocene marine package on the Oceanside shelf. These terraces

occur at R3 to 70, 42 to 46, 39 to 45, 30 to 36, and 24 to 27 m b.p.s.l., and

represent standstills or slight oscillations during the overall Holocene

transgression. The terraces usually are overlain by marine strata, which

generally onlap across its landward edge.

Internally, the marine facies contains gradually prograding or concordant

reflectors, which are law amplitude, continuous and parallel. In certain of



the thicker localities, the marine facies appears to have been deposited in

several episodic pulses of progr ading or concordant layers. The depositional

pulses sometimes are separated by a slightly stronger reflector, perhaps a

coarser-grained layer deposited during a stillstand or slight fall of sea

level. The uppermost reflectors of the marine facies are concordant with the

sea floor. This concordance indicates continued aggradation, and the upper

parallel strata would only be preserved in an environment with low sediment

supply and relatively rapid sea level rise and/or basinal subsidence.

0 I

seven cores ranging from 2.0 to 4.8 m long penetrated only strata assigned to

the Holocene marine package  A100, 'l656, 1675, 1852, 1884, 1891, and 1900!.

This facies is characteristic of much of the San Diego County shelf, and

consists of olive gray to olive black, micaceous, moderately well- to

well-sorted, very fine- to fine-grained sand with occasional shell fragments.

Four of these seven cores stopped penetrating where they encountered a more

indurated or coarser-grained unit below: cores 1 656 and 1 852 stopped at the

boundary with the nonmarine Holocene facies; core 1884 stopped at the late

Pleistocene estuarine unit; and core 1900 at Eocene bedrock.

Three cor es penetrated the Holocene nonmarine facies. Cores 1721 and

2120 passed through a thin marine cover in the northern Oceanside area, and

penetrated 16 and 30 cm, respectively of the Holocene channel-fill facies.

These nonmarine strata consist of olive gray, poorly-sorted conglomerate with

grain sizes ranging from silt to cobbles, but predominatly are composed of

sand and gravel with some gravel -size shell fragments. Core 1979.6 penetrated

the Holocene nomarine facies offshore of Lorna Alta Creek. After passing

through an upper unit of marine sediment and a middle nonmarine sand unit, the

core entered a lower olive to light gray, moderately- to well-sorted, very



fine- to fine-grained sand unit. It is possible that this core represents

the intercalation of a channel-fill with typical Holocene marine strata.

Two vibracores in the southern Oceanside area �986 and 2053!

penetrated the Eocene Santiago Formation, and core 1900 probably stopped

penetration at the contact between Holocene and Eocene strata.

Compositional data for the Oceanside sediment samples are li sted i n Table

14. The upper Pleistocene and Holocene nonmarine samples may be classified as

feldspathic litharenite, whereas the Holocene marine samples range from

feldspathic litharenite to lithic arkose  HcBride, 1963!.

Potential Sand and Gravel Resources

Potential Borrow Area SD-I

Two potential borrow areas  SD-I and SD-II! have been located on the

Oceanside shelf. Ror row area SD-I occurs between the <6 and 20 m isobaths in

an area extending southward from the mouth of the Santa Margarita River to

Oceanside Harbor  Table 15, Figs. 39 and 40!. The target material at this

locality is the Holocene nonmarine unit; however, Pleistocene basal gravel

deposits occur beneath these strata  Fig. 41!. Vibracores 1721 and 2120

 Fig. 40! penetrated this sedimentary unit, but these areas could not be

included in SD-I because of excessive fine-grained cover. Seismic penetration

is poor in this area, therefore the thicknesses shown on the isopach map  Fig.

40! must he considered minimal. The maximum volume of suitable sand for SD-I

is estimated at 24.9 x 106 m>.

Potential Borrow Area SD-Il

Potential borrow area SP-II occurs between the <5 and 10 m isobaths

between the mouth of San Luis Rey River and South Oceanside  Table 16, Figs.

3q and 42!. Site SD-II is approximately the same as area VI identified by

Ocean Surveys, Inc. �901!; however, the limits of this potential borrow area



HOLOCENE
MARINE

HOLOCENE
NONMAR I NE

LITHOLOGIC COMPOSITION OPPER
PLEISTOCENE

n=1 n=5

Mean XMean 'XMean $

Nonundulose quartz

Ondulose Ouartz

7.411. 219. 7

5.78.916. 7

Pl a g i o cl a se Fe I ds pa r

Potassium Feldspar

Pyroxene

Amphibol e

Biotite

4.818. 0 3.8

2.44.34.9

0.10.3 0.1

0.62.0 0.1

32.56.61.6

0.0Epi dote

Sphene

0.00.0

0.00.00.0

0.20.00.0Garnet

Magnetite-Ilmenite 1.30.10.0

Pal yc rysta1 1 i ne Grains

Ouartz with 2-3 subunits

Oua rt z wi t h ! 3 s ubuni t s

Plutonic Rock

2.66.6

1.73.82.3

8.627. 5 11. 0

0.10.2Metamorphic Rock

Volcanic Rock

O.n

0.00.0 0.1

0.0Siliciclastic Rock

Int rac l a st i c Gra i ns

Al 1 ochemi ca 1 Const i t uent s

Microcrystalline Ouartz

0.3

0.30.70.0

29. 431. 50.0

2.03.00.3

Table 14. Summary of lithologic composition of sand from samples recovered
from the Oceanside area.



Tabl e 15. Summary of potent i a 1 borrow area SD- I.

Type of Depos i t:

Holocene nonmarine deposits underlain by Pleistocene gravel

Range in Mean Grain Size: No samples recovered

phi

phi mm

phiMean:

Range in Thickness:

Minimum:

Maximum:

  x 10~ yd3!Estimated Volume   x 10 m !

Minimum:

32.624.9

Explanati on of value:

Vibracores Penetrating Deposit;

None

Water Depth:

Minimum:

Maximum:

Minimum;

Maximum:

Maximum.

Other:

� meters

13 meters

<6 meters

20 meters



Figure 40. Isopach map of borrow area SD-I with associated vibracore numbers,
sand suitability symbols, and line of geologic cross section K-K'.



Figure 41.  biologic cross section K-K'.



Table 16. Summary of potential borrow area SD-II.

Type of Deposit:

Slope-wash facies of Pleistocene estuarine sequence, and Holocene
channel fil 1 along the northern boundary

� meters

10 meters

2

l. 74 phi'Mean:

0 meters

22 meters

  x 106 yd3!

27 F 1

Explanation of value:

Vibracores Penetrating Oeposit:

1970

Water Depth:

Minimum:

Maximum:

Range in Mean Grain Size:

Mi nimum: 2. 65 phi

Maximum: 1.18 phi

Range in Thickness:

Minimum:

Maximum:

Estimated Volume   x 10'6 m3!

Mi nimum:

Maximum: 20.7

Other:

0.16 mm

0.44 mm

0.'30 mm



Figure 42. Isopach map of borrow area SD-II with associated vibracore
numbers, sand sUitability symbols, and line of geologic cross section L-L'.



have been extended bath to the north and south. The principal target material

is the slope wash facies of the Pleistocene estuarine sequence, which was

penetrated by vibracore 1970  Figs. 43 and 44!. Along the northern margin of

this site, where the San Luis Rey offshore channel cuts this estuarine

sequence, the target is Holocene channel fill. A maximum of 20.7 x 10< m3 of

suitable sand is estimated to occur in SD-II.
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2/81
Core weber.. 1970

Total core length  cm!: 93

Date:

Sheet 1 of

Amber of core sections: 1

Water depth  ft!: Vertical scale: 1 cm 25 cm

Distance in cm
fran tap of core

Sand: very fine grained, ranges from silt to fine
sand; well sorted. olive gray � Y 3/2!; sparse
shell fragments; apparently massive with interval
24-40 cm. containing fine sand to gravel with
abundant shell fragments and occasional whole
astropod and pelecypod shells, pebbles and cobbles
1-8 cm. dia.!; very poorly sorted; sharp lower

contact.

0-40

Sand: medium grained, ranges from silt to gravel;
moderately sorted; dusky yellow � Y 6/4! with
bands of grayish black  N2! from 78-93 cm.;
predominantly massive with a bed of very coarse
sand from 60-65 cm.; very micaceous; rare shell
fragments.

40-93

Figure 44. Log of vibracore 1970 which is illustrative of the sedimentologic
character of borrow area SD-II.
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V. OCEANSIDE TO LA JOLLA AREA, SAN DIEGO COUNTY

Introduction

The seismic and vibracore data between Oceanside and La Jolla are very

sparse  Fig. 45!, and were taken to provide transitional coverage between

these two more. thoroughly studied areas. Only one continuous trackline was

taken between Oceanside and La Jolla, and it approximately follows the 15 m

isobath parallel to the coastline. Having only one profile precludes the

preparation of isopach and structural contour maps, thus the following is a

brief discussion of the structural geology and stratigraphy between the

seismic trackline and the coast.

The bedrock along the coast from Carlsbad to the Rose Canyon fault in the

La Jolla area is entirely Eocene. Maps of the coastal area  Wilson, 1972;

Kennedy, 1975! indicate that the Eocene strata generally trend north and dip

eastward from 2 to O'. In faulted areas, the strike of the Eocene strata

varies greatly, and dips increase from l0 to 50'. Along the seismic

trackline, the Focene strata appear to be horizontal or dip slightly

southward, but this is undoubtedly due to apparent dips associated with the

generally eastward dip mapped on land.

Faults that intersect the coast include a group of four unnamed faults

immediately south of Batiquitos Lagoon  Wilson, 1972!, an unnamed fau1t at the

northern edge of Soledad Valley, and two strands of the Carmel Valley fau'It in

Torrey Pines Park  Kennedy, 1975!. Of these, only the northernmost set of

faults and the Carmel Valley fault occur on the offshore seismic trackline.

The faults south of Batiquitos Lagoon may represent an older segment of the

Rose Canyon fault zone, which was later abandoned and transected by a younger

offshore branch. If the Bataquitos faults wer e extended southward from the

coast, through the disturbed zone on the obtained seismic profile, and beyond,
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Figure 45. Map of area V showing Iocations of borrow areas SD-III through
SD-VI with associated vibracore numbers and sand suitability symbols.



they would intersect the north-northwest trending Rose Canyon fault zone

approximately 45 km offshore of Solana Beach. The Rose Canyon fault zone has

been mapped offshore by Moore �972!, Byrd and others �975!, and Darigo  in

preparation!.

The two strands of the Carmel Valley fault intersect the coast 1.8 and

2. 1 km south of the southern edge of Soledad Valley. Kennedy �975! shows the

fault trending northeast and extending inland for about 4 km; however, at the

coast it trends nearly east. Three possible faults occur offshore in the

vicinity of the Carmel Valley fault, which are on trend with the coastal

strike of this fault. Thus it is possible that the Carmel Valley fault

extends offshore in this area.

Examination of the seismic profile indicates the presence of several

folds, some of which may be continuous with onshore structures  Darigo, in

preparation!.

Quaternary Stratigraphy

Holocene Strata

narrow shelf between Car lsbad and l a Jolla; namely, Eocene bedrock and

Holocene strata. A thin layer of Pleistocene basal gravel may be present in

the offshore channels associated with Batiquitos Lagoon, San Elijo Lagoon, San

Dieguito Valley and Soledad Vawley. The coastal geology from Carlsbad to

Solana Reach has been mapped by Wilson  l972!, and south of Solana Beach by

Kennedy �975!. The Focene units that are exposed in the sea cliffs include,

from north ta south, Santiago Formation Member B, the Torrey Sandstone, the

riel Mar Formation, the Ardnath Shale, and the Scripps Formation. The last

four units are assigned to the La Jol1 a Group.

125



Offshore Holocene strata consist of nonmarine channe1 fill deposits,

which lie seaward of the four major sloughs, and a continuous cover of very

fine-grained, marine sand. The marine cover overlies Eocene and nonmarine

Holocene deposits, and isopach maps for the marine strata have been prepared

by Henry �976! and Fischer and others �982!. The Ho1ocene marine package is

as much as 8 m thick, and the thickest part parallels the coastline from 1.2

to 2 km from shore. In a landward direction, it thins to zero from 0.3 to 1.5

km from shore; and in a seaward direction, it thins to zero from 2.5 to 4 km

from shore. Immediately north of Scripps submarine canyon, the Holocene

marine unit increases in thickness to a maximum of 15 m where it occurs over

marine terraces. This unit is characterized by very parallel, continuous

reflectors, which infill erosional vacuities within Eocene strata and are

conformable to the sea floor.

The Ho1ocene marine cover is underlain by a thicker nonmarine Holocene

component at four localities. These nonmarine deposits infill channels,

which are offshore extensions of Batiquitos Lagoon, San Elij o Lagoon, San

Dieguito Valley and Soledad Valley. Detection of the channel boundaries was

facilitated by the side-scan sonar data, which show an abrupt change in

surface texture from rough to smooth, i.e. from Eocene bedrock to Holocene

strata. The nonmarine strata are characterized by discontinuous, weak

reflectors, or a generally transparent signature compared to the Eocene

bedrock. The maximum thickness of the channel fill deposits cannot be

determi ned from the available seismic data, because of the transparency of its

signature and multiple interference. However, it is estimated to be at least

2R m thick at some localities.

I

recovered in the Oceanside-La Jolla coastal segment. A11 vibracores,
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except 1435, encountered olive black to olive gray, fossiliferous, moderately

well-sorted, very fine- to fine-grained, marine sand. Core 1435 penetrated 65

cm of simi1ar sediment, which was underlain by at least 8 cm of olive gray,

medium-grained sand and gravely Although seismic coverage is meager in the

vicinity of vibracore 1435, this coarse-grained sediment is considered to be a

channel fi11 deposit, particularly as it occurs directly offshore af

Batiquitos Lagoon  Fig. 45!.

Compositional data for sand samples recovered from the Oceanside-La Jolla

segment are listed in Table 17. A11 of the samples examined petrographically

are assigned to the Holocene marine unit, and range compositionally from

litharenite to feldspathic litharenite  McBride, 1963!.

Potential Sand and Gravel Resources

Holocene channe1 fill deposits are considered the only suitable target

material in the Oceanside-La Jolla coastal segment  Fig. 45!. The Eocene

strata are too indurated, and the Holocene marine strata are too fine-grained.

The four sites delimited in this area are discussed collectively due to their

similarity in geologic setting and target materials. At each of the four

potential borrow areas, the channel fi11 deposits are overlain by less than 1
m of the Holocene marine unit. The seaward edge of each borrow area was taken

as the position of the 1 m isopach for the Holocene marine unit  Henry, 1976;

Fischer and others, 1982!. Seaward of this isopach, the Holcene marine unit

i s unde s i rabl y thick.

Potential borrow area SD-III  Table 18, Figs. 46, 47 and 48! occurs

offshore of Batiquitos Lagoon, and contains no more than 12.6 x 1$ m~ of

suitable sand. Borrow area SD-IV  Table 19, Figs. 47 and 49! is offshore of

San Elijo Lagoon, and contains a maximum of 9.5 x 10's m~ of suitable ~aterial.

Borrow area SD-V  Table 20, Figs. 47 and 50! lies offshore of San Dieguito
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HOLOCENE
MARINE

LITHOLOGIC COMPOSITION

n=6

Mean $

Nonundulose Ouartz 18.4

Undulose quartz

Plagioclase Feldspar

Potassium Feldspar

7.5

2.3

3.2

0.3Pyroxene

Amphibole 0.2

Biotite

Epidote

Sphene

Garnet

Magnetite-Ilmenite

21. 9

0.0

0.1

0 ~ 0

0.8

Ouartz with 2-3 subunits

Ouartz with >3 subunits

Plutonic Rock

3.7

1.4

10. 4

Metamorphic Rock

Volcanic Rock

O.O

0.0

Siliciclastic Rock

!ntraclastic Grains

Allochemical Constituents

Microcrystalline Ouartz

0.6

0.1

26. 6
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Table 17. Summary of lithologic composition of sand from samples recovered
from the Oceanside-La Jolla area.



Table 1R. Summary of potential borrow area SD-III.

Type of Deposit:

Holocene channel fill deposits

Water Depth:

Minimum:

Maximum:

4 meters

22 meters

n= 1

0 meters

20 meters

  x 1% yd~!

16. 512. 6

Explanation of value:

Vibracores Penetrating Deposit:

1435

129

Range in Mean Arain Size:

Minimum: 2. 73 phi

Maximum: 2.73 phi

Mean: 2.73 phi

Range in Thickness;

Minimum:

Maximum..

Estimated Volume   x 1O6 m3!

Minimum:

Maximum:

Other:

0.15 mm

0.15 mm

0.15 mm



Figure 46. Isopach map of borrow area SD-III with associated vibra««
number, sand suitability symbol, and line of geologic cross section M-H' ~
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2/81Core nunher: 1435 Bate:

Sheet 1 of 1Total core length  cm!: 73

Nurser of core sections: 1

Vertical scale: 1 cm = 25 anWater depth gt!: 42

Distance in an

from cop of core

Figure 48. Log of vibracore 1435 which is illustrative of the sedimentologic
character of borrow area SO-III.
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Table 19. Summary of potential borrow area SD-IV.

Type of Deposit.

Holocene channel fill deposits

Water Depth.

Minimum: 6 meters

18 metersMaximum:

Ranqe in Mean C'rain Size; No samples recovered

phiMi nimum:

phiMaximum: mm

phiMean:

Range in Thickness:

Mi nimum:

Max imum.

  x 106 yd3jEstimated Volume   x 10~ m3!

12. 49. '5

Explanation of value:

Vib racores Penet rating Depos i t.

None
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Mi nimum:

'Maximum;

Other:

0 meters

Z3 meters



Figure 49. Isopach map of borrow area SD-IV with associated vibracore
number, sand suitability symbol, and line of geo1ogic cross section N-N'.
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Table 2A. Summary of potential borrow area SD-V.

Type of Deposit:

Holocene channel fill deposits

Water Depth.

Mi nimum. 6 meters

Maximum: 17 meters

Range in Mean Grain Size: No samples recovered

phiMl nlmum!

phiMaximum:

phiMean;

Maximum:

  x 10~ yd~!I=.stimated Volume   x 10 m !

10. 37.9

Explanation of value:

Vibracores Penetrating Deposit:

None
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Range in Thi ckness:

Mi nimum:

Mi nimum;

Maximum.

Other.

A meters

25 meter s



Figure 50. Isopach neap of borrow area SD-Y with line of geologic cross
section 0-0'.
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Val'ley, and contains at most 7.9 x 10~ ma of suitable sand. Potential

borrow area SD-VI  Table 21, Figs. 47 and 51 occurs offshore of Soledad

Valley, and contains a maximum of 2.2 x 10 m of target material. Potential

borrow area SD-VI is approximately equivalent to Area IV of Ocean Survey, Inc.

�981!; however, Area IV includes the position of vibracore 1369, where the

thickness of the Holocene marine unit is prohibitive.
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Table 21. Summary of potential borrow area SD-VI.

Type of Deposit:

Holocene channel fill deposits

Water Depth:

6 meters

12 meters

Range in Mean Grain Size: No samples recovered

phi

phiMean:

Range in Thickness:

Minimum:

Maximum:

Estimated Yolume   x 10 m !   x 10~ yda!

2.92.2

Explanation of value:

Vibracores Penetrating Deposit:

None
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Minimum:

Maximum;

Minimum;

Maximum:

Minimum:

Maximum:

Other:

0 meters

26 meters



Figure 51. Isopach map of borrow area SD-VI with associated vibracore number,
sand suitability symbol, and line of geologic cross section P-P'.
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Vl. LA JOLLA AREA, SAN DIEGO CQUNEY

Introduction

Due to the presence of a major submarine canyon, fault zone, and

oceanographic institution all within La Jolla Bay, this area has been studied

more thoroughly than any other discussed in this paper  Fig. 52!. Nearly

every geological aspect of La Jolla Bay, i.e. canyon formation, stratigraphy,

and sediment transport and deposition, is affected by the structure of the

area. The Rose Canyon fault zone trends offshore from the east side of Mount

Soledad, and separates into north-northwesterly and west-northwesterly

trending fault sets. The Rose Canyon fault zone has been studied onshore in

the La Jolla area by Moore and Kennedy �970!, Peterson � 970!, Kennedy

� 975!, Gastil and others �979!, and Threet �979!; and offshore by Moore

�972!, Greene and others �979!, Kennedy and others �980a, 1980b!, and Webb

 in preparation!. Regionally, it is part of a major structural zone extending

from the Los Angeles basin into Baja California, which includes the

Newport-Inglewood and South Coast fault zones. Offshore seismic studies by

Kennedy and others �980a, 1980b! identify the faults of La Jolla Bay as part

of this major Ouaternary deformational zone. The Rose Canyon fault zone is a

highly complex network of faults, which can be grouped into three distinct

sets named the eastern, central and western subzones. The individual subzones

range from less than 1 to 5 km wide, and together they are approximately 15 km

wide. Kennedy and others �980a, 1980b! and Darigo  in preparation! discuss

the Rose Canyon fault zone in considerable detail.

Rocks which have been dredged from La Jolla submarine canyon  Emery and

Shepard, 1945! and extrapolations from onshore geology  Kennedy, 1975!

indicate that the accoustic basement in the offshore La Jolla area consi sts of

the Cretaceous Point Lorna Formation south of the submarine canyon; and Eocene
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Figure 52. %p of area VI showing location of borrow ar eas SD-VII and SD-VII I
with associated vibracore numbers and sand suitability symbols.
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strata, most likely the Ardnath Shale, on the north side. The contact between

Cretaceous and Eocene strata probably follows La Jolla Canyon to the onshore

Rose Canyon fault, but its exact location is unknown, because the canyon floor

is locally covered with sediment  Shepard, 1973!, and is beyond available

seismic resolution.

Quaternary Stratigraphy

Upper Pleistocene Strata

Bay Point Formation, marine terrace deposits, fault-ponded sediment, and

prograded shelf-slope deposits. These four stratal types have distinctly

different seismic characteristics and are not usually laterally continuous

with one another; therefore there is little available evidence to make age

assignmerits for these units. However, their stratigraphic position, usually

beneath an erosional unconformity or depositional hiatus overlain by Holocene

strata, justifies a separate description for these strata. If these units are

unlithified, they were probably deposited near to the initiation of the

Flandrian transgression.

The Bay Point Formation may appear offshore in a small area near Scripps

pier. It is characterized seismically by discontinuous, non-parallel,

slope-like reflectors. It is interrupted by the head of Scripps canyon to the

north, and it is laterally adjacent to Holocene marine strata to the south.

The Bay Point Formation crops out along the coast for a distance of

approximately 700 m near the offshore deposits  Kennedy, 1975!. The shoreline

angle of the Nestor terrace, which is included in the Bay Point Format~on,

occurs 5 m above sea level just north of Scripps pier  Kern, 1977!. The Bay

Point Formation in this area overlies Eocene strata and consists of thin,

marine and terrestrial deposits on top of this terrace.
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The fact that all offshore remnants of the Nestor erosional platform

would have been destroyed by present sea level argues against these offshore

deposits being assigned to the Bay Point Formation. However, the base of the

offshore deposits in question occurs at approximately 13 to 15 m b.p.s.l.,

which correlates well with the expected location and depth of the younger Bird

Rock terrace, which is also included in the Bay Point Formation.

Offshore of the Bay Point deposits, Ouaternary strata were depoisited on

a series of step-like abrasion platforms, any or all of which may have been

cut during the Pleistocene. Three shoreline angles can be identified in the

La Jolla area, which are approximately 38 to 45, 50 to 56, and 57 to 65 m

b.p.s.l. The 38 to 45 and 57 to 65 m terraces are present throughout the La

Jolla area, whereas the 50 to 56 m terrace is absent south of La Jolla Canyon.

The 38 to 45 and 57 to 65 m terraces probably are equivalent to those mapped

by Henry �976! at depths of 43 to 49 and 52 to 69 m b.p.s.l,, respectively.

The deposits immediately overlying the terraces are usually charcterized

by either: �! strong, closely-spaced, locally continuous, parallel, slightly

seaward-dipping reflectors, which suggest inhomogeneous nonmarine deposits; or

�! weak, horizontal reflectors, which suggest homogeneous marine deposits.

The 38 to 45 m shoreline angle and terrace is generally overlain by thin,

nonmarine strata. The 57 to 65 m terrace is overlain by marine strata. The 50

to 56 m terrace is overlain by marine strata north of the Salk fault, and is

overlain by nonmarine strata farther south, where it is difficult to

distinguish as a separate terrace. The geologic history of these terraces and

associated deposits is discussed thoroughly by Oarigo  in preparation!.

The Pleistocene slope deposits display weak, continuous, parallel

reflectors, which dip toward La Jolla Canyon and aggrade so that the thickest

part occurs over the shelf edge. These strata overlie Cretaceous rock, and
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are erosionally truncated on top. The seismic character of this unit and its

location at the shelf edge indicate that it is probably a homogeneous deposit

of silt to very fine-grained sand. It is overlain by a similar, less

steeply-dipping, prograded shelf edge deposit. There is no available evidence

to assign a P'Ieistocene rather than Holocene age for the lower deposit, but it

is included here for the sake of delineating the two stratigraphic packages.

Fault-ponded strata north of La Jolla Canyon occur in depressions

associated with strike-slip faulting in the central subzone. The seismic

character of these strata include   1! chaotic, discontinuous reflectors, and

�! steeply-dipping, parallel reflectors. Both types of reflectors suggest

rapid deposition of homogeneous sediment. Occasionally, strong, channel-like

reflectors and strong, discontinuous, slightly-dipping reflectors occur, which

are suggestive of talus and/or slump deposits. Similar ponded strata have

been identified in the main strike-slip portion of the Rose Canyon fault zone

as far north as Camp Pendleton  Moore, 1972!.

~Lithoid: No late Pleistocene sediment was recovered from the

vibracores taken in the La Jolla area.

Holocene Strata

overlie Cretaceous or Eocene bedrock. Where late Pleistocene deposits occur

on the shelf, there usually is no obvious widespread unconformity separating

the two units. Instead, the late Pleistocene and Holocene units are separated

by a change in seismic character and internal geometry. The Holocene isopach

map prepared for this study is similar with those prepared by Byrd and others

�975!, Henry �976!, Fischer and others �982!, and Webb  in preparation!,

except that, in some areas, other studies may include the strata here

considered late Pleistocene. llue to more limited seismic coverage, past

studies have not included the thick, prograded, shelf edge deposit south of
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La Jolla Canyon.

The Holocene strata are characterized by rather weak, parallel, very

continuous reflectors, which are concordant with the sea floor. The

reflectors at the base of the Holocene are concordant with the underlying

surface at middle shelf depths and onlap over bedrock surfaces nearshore.

Holocene deposits either thin to zero or prograde over the shelf edge.

Holocene deposits on the floor and heads of the canyons  Shepard, 1951, 1973;

Chamberlain, 1960, 1964; and Dill, 1964, 1969! cannot be delineated by the

se~ smic data used for this study.

The Holocene isopach map indicates that the sediment packages

approximately parallel the present coastline with various submerged shoreline

angles. North and south of the submarine canyons, thicker Holocene

stratigraphic sections occur over the 38 ta 45 m terrace. Two very thick and

homogeneous Holocene deposits occur in the La Jolla area: one between the two

heads of the submarine canyons, and the other farther offshore on the so~th

slope of La Jolla Canyon. Although the thickest Holocene sections on the San

Diego shelf usually are associated with fluvial sedimentation, this may be

only partially true for these thick intercanyon deposits. A nearshore channel

extends to approximately 20 m b.p.s.l. and is covered with 7 to 8 m of

Holocene marine deposits, thus these thick intercanyon packages must be at

least partially related to marine processes.

Divers report that the thick section on the intercanyon shelf is most

silt  webb, personal communication!, and samples taken near the 50 m isobath,

which is over the thickest part of the deposit, have a median diameter of silt

 Shepard and Inman, 1951!. Several past studies have attributed these

sediment bui'id-ups to wave transport as controlled by the unusual bottom

topography  Shepard and Inman, 1950, 1951; Inman, 1953; and Henry, 1976!.
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Whereas the Holocene strata north of the submarine canyons and on the

intercanyon shelf probably were delivered by longshore currents from the

north, the thick prograded section south of the canyon suggests longshore

sediment transport from the south. Inasmuch as no appreciable amount of

sediment bypasses Point La Jolla and the head of La Jolla submar ine canyon

 Shepard and Inman, 1951; Inman, 1953!, sediment transported in a northward-

flowing longshore current along Point Lorna Peninsula, Mission Beach and Mt.

Soledad would continue northward at Point La Jolla rather than curving toward

La Jolla. Shelf sediment transport ends where the seaf1oor dips toward La

Jol 1 a submarine canyon, Here the sediment accumul ates as the

northwa rd-progradi ng stratigraphic sequence at the shel f break. The

unconformity between the two progradational units probably formed by a

standstill or slight lowering of sea level during the Flandrian transgression,

perhaps the same one that formed the 57 to 65 m terrace in the La Jolla area

and the 58 m terrace in Santa Monica Bay  Osborne and others, 1980; and Nardin

and others, 1981!, The oceanogr aphic conditions that permitted the formation

of this progradational wedge must have existed since at least the start of the

I=1 andrian transgression.

Lithology: Core 1275 was taken offshore of Point La Jolla and 2.37 m of

Holocene sediment was recovered. The yellowish brown to grayish orange,

moderately-sor ted, massive, medium-grained sand at the top in this core is

r epresented by moderately strong, thinly-layered reflector s. This unit i s

underlain by medium gray, fossiliferous, moderately well-sorted, fine-grained

sand, characterized by chaotic, weak, discontinuous reflectors. The upper

medium sand unit extends landward to the edge of La Jolla submarine canyon.

Offshore it is e~ther interrupted by exposures of Cretaceous bedrock or grades

into finer-grained sediment at about the 50 m isobath. Shepard �951! and



LITHOLOGIC COMPOSITION HOLOCENE
VERY-F INE

MARI NE

HOLOCENE
MEDIUM
MARI NE

n = 2 n = 2

Mean 'K Mean X

Monocrystalline Grains

Nonundulose Ouartz

LIndulose Ouartz

20. 7

10.4

Plagioclase Feldspar

Potassium Feldspar
3.3 10. 8

2.5 10. 1

0.0 0.0Pyroxene

Am p hi bo 1 e

Rioti te

0.2

19. 3 3.5

0.0Epidote

Sphene

0.0

0.0D.2

0.0Da0Garnet

Magnet i te- Ilmeni te 0.00.2

noly~cr stal line Grains

Auartz with 2-3 subunits

Ouartz wi th ! 3 subuni ts

Plutonic Rock

4.3

0.2 4.8

22.R5.4

0.5 0.0Metamorphic Rock

Volcanic Rock Oen0.5

Siliciclastic Rock

Intraclastic Grains

Allochemical Constituents

Microcrystalline Auartz

6.1 OeO

0 ~ 33.1

34. 2 11. 2

11. 2 1.3

S4e

Table 22. Summary of lithologic composition of sand from samples recovered
from the La Jolla area.



Inman �953! reported that shelf sediment south of La Jolla is

coarser-grained and better rounded than sediment north of the canyon, thus

suggesting a different source. The medium-grained sand unit is

compositionally distinct  Table 22!. The stratigraphic position of the

medium-qrained sand unit and perhaps its compositional distinctiveness may

indicate that this sediment has only recently aggraded to the height of

exposed Cretaceous bedrock, which brought these strata into the full force of

the exi sti ng wave and current regime. Associated hydraulic sorting by grain

s'.ze, specific gravity and shape might explain the observed differences. It

also is possib'le that erosion of the Cretaceous strata south of La Jolla

submarine canyon served as a local sediment source for this unit.

Vibracore 1267 was located on the intercanyon shelf approximately 0.67 km

offshore, at a water depth of 19 m. A total of 1.98 m of medium dark gray,

sparsely fossiliferous, moderately- to well-sorted, very fine- to fine-grained

sand was recovered. This sediment overlies a Holocene channel deposit at

least 8 m thick, which occurs as a seaward extension of the re-entrant between

Mount Soledad and the Eocene bluffs to the north.

Vibracore I259.6 was taken on the shelf north of Scripps submarine

canyon, and 1.83 m of olive black to medi um gray, fossiliferous, slightly

micaceous, moderately well-sorted, very fine-grained sand was recovered. This

core shows closely-spaced, continuous, parallel reflectors at the surface

overlying relatively strong, discontinuous reflectors. The surface reflectors

may be a response to a concentrated pebble layer from 37 to 56 cm in the core,

whereas the underlying chaotic signature is interpreted as Eocene bedrock,

which the core does not penetrate.

Compositional data for the four sediment samples from the La Jolla area

are listed in Table 22. All samples are classified as feldspathic

149



litharenite  NcBride, 1963!.

Potential Sand and Gravel Resources

Potential Borrow Area SD-Vll

Two potential borrow areas  SD-VII and SD-VIII! occur in La Jolla Bay.

Deposits considered to be potential target material include Pleistocene

terrace deposits, canyon fill at the head of Scripps submarine canyon, and the

Holocene medium-grained sand unit.

Borrow area SD-VII occurs on the inner shelf immediately north of' Scripps

pier  Table 23, Figs. 52 and 53!, between the ll and 70 m isobaths. The

target material mainly consists of coarse-grained strata in the head of

Scripps submarine canyon, with minor amounts of Pleistocene terrace and

Holocene marine, medium-grained sand deposits  Fig. 54!. The nearshore

boundary of SD-VII is the 11 m isobath. The north, south and west boundaries

are defined by the 1 m limiting thickness of fine-grained Holocene cover . No

vibracores were attempted at this borrow area, and it is estimated to contain

at most 2.4 x 10 m of suitable material.

Potentiai Borrow Area SD-Vill

Potential borrow area SD-VIII is located northwest of La Jolla and south

of La Jolla submarine canyon  Table 24, Figs. 52 and 55!, between the 13 and

60 m isobaths. The selection of SD-VIII is based on the Holocene marine,

medium-grained sand unit encountered in vibracore 1275  Figs. 54 and 56!. The

lower fine-grained sand unit is included in the maximum volumetric estimate of

3.8 x 10 m for this site, because it still may be in the marginally fine

range of sand suitability. The southern limit of SD-VIII occurs where the

Holocene unit abuts against submarine Cretaceous exposures, and the eastern

end terminates at the La Jol'la submarine canyon. The northern and western

boundaries are approximately located at the position of change between the
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Table 23. Summary of potential borrow area SD-VII.

Type of Reposit:

Coarse-grained strata in the head of Scripps submarine canyon, with
minor amounts of Pleistocene terrace and Holocene marine, medium-grained
sand deposits

Mater Depth:

11 meters

7R meters

Range in Mean Prain Size: No samples recovered

phi

phi

Range in Thickness:

Mi nimum:

Maximum:

  x 10< yd3!Fstimated Volume   x 106 m 3!

Mi nimum;

3.1

Fxplanation of value:

Vihracores Penetrating Deposit:

None

Minimum:

Maximum:

Mi nimum:

Maximum:

Mean:

Max imum:

Rther:

R meters

R meters



Figure R3. Isopach map of borrow area SD-VII with associated vibracore
numbers, sand suitability symbols, and line of geologic cross section 0-0'.
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Table 24. Summary of potential borrow area SD-VIII.

Type of Deposit:

Ho1ocene marine, medium-grained sand deposits

Water I!epth:

13 meters

60 meters

Range in Mean Crain Size: n = 3

Minimum. 2.18 phi A. 22 mm

Maximum; 1.32 phi 0.40 mm

Mean: 1.77 phi O.29 mm

Range in Thickness:

Mi nimum:

'Ma x imum:

Fstimated Volume   x 1O6 m3!   x 10~ yd3!

S.O3.R

Explanation of value:

Vibracores penetrating I1eposit:

127.!
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Mi nimum:

Maximum:

Minimum:

Maximum:

Other:

0 meters

A meters



Figure RR. Isopach map of borrow area SD-VIII with associated vibracore
number, sand suitability symbol, and line of geologic cross section R-R'.
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2/81Date:

Sheet 1 of 1

n e

Water depth  ft!: Vertical scale: 1 cm 25 cm

Distance in cm
fran top of core

Sand: medium grained, ranges from very fine to
coarse sand with occasional 1ar ge pebbles;
moderately sorted; moderate yellowish brown
�0 YR 5/4! intermixed with grayish orange
  10 YR 7/4!; apparently massive; micaceous;
abundant coarse sand ta gravel size shell
fragments; gradational lower contact.

0-42

A< ~

Sand: fine grained, ranges from very fine to coarse
sand; moderately well sorted; medium gray  N5!;
apparently massive; sparse shell fragments;
micaceous; occasional pockets of very coarse sand
and gravels and coarse sand and gravel size shell
fragments; no lower contact.

42-120

Sand: same as above interval 42-120 cm. but ranges
from silt to very coarse sand and is moderately
sorted,

120-237

hich is illustrative af the sedimentologic
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Total core length  cm!: 237

Fiqure 56. Log of vibracore 1275 w
character of borrow area SD-vII I.
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type of reflectors characteristic of core 1275 and the parallel, continuous,

weak reflectors characteristic of the Holocene very fine-grained marine unit.





VII. MISSION BEACH AREA, SAN OIEGO COUNTY

introduction

The controlling structure in the Mission Beach area  Fig. 57! is an

east-trending syncline, which merges to the east with the Pacific Beach

syncline. Two normal faults may transect this syncline on its north flank

near False Point  Beagles, 1963; and Kennedy, 1975! and on its south flank

near the southern edge of Mission Bay  White, 1969!, but these faults are not

clearly expressed on the seismic profiles used for the present paper.

Accordinq to Kennedy and others �980a!� the Mission Beach area is a regional

low, which lies between two structural highs, namely Point Lorna and Mount

Soledad. This structural low formed in response to tensional forces

associated with the Rose Canyon fault zone. Although the geologic hi story of

Mission i~ay reflects two major events, �! the deposition and ti iting of

Cretaceous and Tertiary strata and  ~! the erosion and sedimentologic filling

of the San Diego River val iey or ancient Mission Ray, riarigo  in preparation!

suqqests that the Mission Ray depression formed concur rently with deposition

and foldinq of the Tertiary strata.

The geology offshore of Mission Reach is influenced greatly by an

extension of the Pacific Reach syncline and the San Diego River valley. Of

the five shore-normal seismic lines taken offshore of Mission Beach, the middle

three are dominated by cutting, fil ling and reorientation of the ancient

San Iliego river val fey, whereas Cretaceous and Tertiary bedrock is exposed

alonq the most northern and southern tracklines.

Quaternary Stratigraphy

Stratigraphy

riuaternary strata overlie deformed and truncated Cretaceous and Tertiary

bedrock in the ancient Mission Reach embayment. The maximum thickness of the

riuaternary sediment package occurs deeper than the limit of available seismic
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Figure. 67. 4fap of area VII showing location of borrow area SP-I!  with
associated vibracore numbers and sand suitability symbols.



penetration. The deepest erosional surfaces that can be detected are at 43 m
h.p.s.l. in the nearshore area and 48 m b.p.s.l. farther offshore. It is not
known whether the litholoqic unit beneath this erosional surface is
Cretaceous and/or Tertiary bedrock or Auaternary fill. To the north, the
unit above this unconformity is characterized by uneven, discontinuous, and
occasionally sloping reflectors, which are not continuous with the parallel
reflectors of the Tertiary rock farther north. Th»s, the undefined unit may
he tentatively assigned to the fiuaternary sediment packaqe.

There is little evidence to accurately define the position of the
ho»ndary between Pleistocene and Holocene units in this area, Henry �976!
and Fischer and others  lQRP! prepared isopach maps for an area near the
offshore boundary of this study which show Holocene thicknesses from 6 to 7

This position corresponds to an unconfor!!iity that truncates Cretaceous and
Tertiary rocks to the north, but becomes »nrecognizable within the indistinct
parallel reflectors characteristic of the middle of the embayment. Although
this unconformity seems to be a good choice for the Pleistocene-Holocene
hnundar y on the basis of cross-cutting relationships, it is possible that the
base of the Holocene dips into the middle of the embayment to connect with an
uneven, thouqh very distinct reflector at about 4R «i b.p.s.l. This reflector
is covered by approximately '34 m of sediment, which is characterized by
parallel, continuous, flat-lying reflectors. Hsing data from Kennedy �97'!
and Kennedy and Peterson �Q75!, liariqo  in preparation! determined the
onshore position fnr the contact between Pleistocene and Holocene fluvial
deposits and extrapolated this position of'fshore assuming a const ant gradient.
Althouqh the slope changes from approximately rl.93' in the upper part of
N!i ssion valley to about p. If' in the lower part, the offshore extrapolation
«sinq the 0. 1~' value correlates with the reflector at 41 to 48 m b.p.s,'I. in



every ava1l able seismic line. Therefore this reflector was used to define the

Ple1stocene-Holocene boundary, and is the basis for the Holocene isopach map

prepared for this report.

Areas of zero Holocene thickness north and south of the main channe1 are

sites of Cretaceous sea floor exposures, and associated heavy kelp

concentrations may be identified on the seismic data, side-scan sonar data,

and aerial photographs studied by Hamilton �980!. The thickness and

structural contours indicated the trend of an ancient river valley in the

southern part of the study area, whereas a fess pronounced re-entrant occurs

farther offshore and to the north. The thickest channel section follows the

northern side of the channel, and is a seaward extension of the meandering

channel described by Ellis and Lee �919!. Prior to the Holocene

transgression, the main channel ran along the southern edge of Mission Pay,

made a slight jog to the northwest at the present mouth of the Entrance

Channel, and turned west again. This pathway was controlled on the sout h by

t he presence of Cretaceous outcrops, which formed steep river bluffs.

North of the main channel, Holocene valley fill drapes over what may be

P'Ieistocene stream terrace deposits. These terrace deposits show uneven,

d1scontinuous reflectors and low-re11ef channeling on the seismic profiles.

They may be sim1lar to those that occur upstream, which consist of

poorly-li thi fied, conqlomeratic sand, occurring locally as th1n veneer along

drainage courses  Kennedy, 1975; and Kennedy and Peterson, 1975!.

The Ple1stocene Ray Point Formation and marine terrace deposits occur

beneath the Pleistocene stream terrace deposits. The Ray Po~nt Formation

cannot be 1dent1fied w1th certainity on the seismic records, but 1ts presence

is assumed on the basis of unidentified space between the Holocene marire and

nonmarine cover, the Cretaceous and Tertiary units that dip under the



emhayment, and the marine terraces which lie lateral ly to the southwest, The

Ray Point Formation is a poorly-lithi fied, lagoonal and nonmarine sandstone

 Kennedy, 1975!, which was deposited during a marine regression at the end of

a late Pleistocene interglacial period, perhaps 100,000 years b. p.  Kern,

1971!.

Three shoreline angles, at 39 to 40, 34, and 25 to 29 m b.p,s.l., and

their associated marine terraces occur between the main channel and the Bay

Point deposits. Associated strata are characterized on the seismic data by

three components:   1! a strong, basal reflector representing an ancient cli fI

face and wave-cut terrace; �! overlying uneven, discontinuous reflectors,

representing nonmarine strata filling the vertex of the shoreline angle; and

 ~! flat-lying, continuous reflectors, representing overlying marine strata.

The middle terrace �4 m hypnos.l.! is interpreted here as late Pleistocene,

which may have formed during the deposition of the Ray Point Formation to tlie

northeast. The other two terraces are thought to be Holocene. The 39 to 30 iii

terrace probably was cut during the same sea level oscil lation about Il,000

years ago, which cut the 38 to 45 m terrace in La,lolla Bay and the 39 to 45 m

terrace offshore of Oceanside. The 25 to 29 m terrace probably correlates

with the 24 to 27 m terrace in the Oceanside area and a 24 m terrace in Santa

Monica Ray  Osborne and others, ! 9RO; Nardin and others, 1981!. Nardin and

others �981! propose that the 24 m terrace was cut during a minor high sea

level stand about 12,00O years ago, which was followed by a drop in sea level

to 46 m h,p.s.l,, which is the same oscil lation that formed the 39 to 40 iii

ter r ace of the Mission Reach ai.ea and similar terr aces along the San Oiego

Oounty shel f. Therefore the 39 to 40 m terrace is younger than the 25 to 29 m

ter race.



Three vibracores  945.5, 1049, and 1060! were taken in the Mission Beach

area, which penetrated from 1.51 to 2.16 m of Holocene strata. All three have

a top layer of very fine-grained sand, and terminate in a basal layer rariging

from fine- to coarse-grained sand with occasional gravel-size shell fragments

and lithoclasts. Inasmuch as the vibracores stopped penetrating at nearly the

same depth, this position may represent a contact between unlithified and more

lithified strata, and/or between finer-grained and more conglomeratic strata.

A relatively strong seismic reflector occurs approximately 1.5 m below the sea

floor in this area, which appears to be correlative with this surface.

The top layer of olive-qray, moderately-sorted, fine- to very

fine-grained sand is typical of the Holocene cover ubiquitous to much of the

San Diego County shel f. The underlying unit consists of dark gray to dusky

yel low, fossil i ferous, poor 1y-to moderately-sorted, apparently massi ve, medium-

to coarse-grained sand. This coarse-grained sediment probably was derived

from the San Diego River, and is considered nonmarine. Prior to the

deposition of the upper, very fine-grained sand unit, sea level may have been

sliqhtly lower, which would allow more of the sediment from Mission Valley to

reach the shelf. This would explain the observed change in grain size as well

as the occurrence of thicker sections of very fine-grained sand offshore of

coastal areas with no fluvial outlets. Today, very litt'1e fluvial sediment

r eaches the shelf  Norris, 1 964!, as it is deposited i n associated estuar ies .

Composi ti onal data for three Holocene nonmari ne and three Holocene marine

samples from the Mission Reach area are listed in Table 25. A1 1 six samples

are classified as feldspathic litharenite  McBride, 1963!.



HOLOC E NE
MARINE

HOLOCENE
NONMAR I NE

LITHoLOr.IC cOMPOSITIoN

n = 3

Mean gMean 'X

Monocrystalline Grains

25.33n.nNonundul ose nuartz

Onriul ose Ouartz 13. 912.5

Plaqioclase Felrispar

Potassium Feldspar

16. 717. 7

6.7

o.n O. 2Pyr oxene

Amphi bol e

Biotite

Fpirlote

Sphene

Garnet

Magnetite-Ilmenite

0.7

1.30.5

0.0O.n

O.n0.0

0.0O.n

0.00.1

Polycrystalline Grains

Ouartz with 2-3 subunits

rluartz with � subunits

Plutonic Rock

6.16.7

5.25.0

18.017. 4

0.00.0Metamorphic Pock

~lolcanic Rock 0.1n.n

0.0O.nSiliciclastic Rock

Intraclastic rrains

All ochemical Constituents

Micr ocrystal I ine Oua rtz

0.10.2

3 ~ 60.7

2.6

Table 25. Summary of lithologic composition of sand from samples recovered
from the Mission Beach Area.



Potential Sand and Gravel Resources

Potential Borrow Area SO-lX

One large potential borrow area  SD-IX! was identified offshore of

Mission Reach  Table 26, Figs. 57 and SR!. This area is approximately

equivalent to Area III identi fied by Ocean Surveys, Inc. �981!, The northern

and southern boundaries of SD-IX are defined by the presence of submarine

exposures of Cretaceous and Tertiary bedrock; the eastern boundary is defined

hy the 9 m isobath; and the western boundary occurs approximately 2.4 km

offshore, whereas that of Area III  Ocean Surveys, Inc., 1981! extends about

3.2 km offshore,

The target material  Figs. 59 and 6A! includes Holocene nonmarine

deposits and possible marine terrace, stream terrace, and basa', gravel

deposits assigned to the Pleistocene Bay Point Formation. The northeast~:rn

corner of SD-IX consists principally of Pleistocene strata, whereas the

remainder of the area consists predominantly of Holocene nonmarine strata.

Potential borrow area SD-IX is estimated to contain a maximum of 146.8 x 106

m3 of suitable sand.
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Table 26. Summary of potential borrow area SD-IX.

Type of Deposit:

Pleistocene marine terrace, stream terrace and basal gravel deposits
of the Bay Point Formation and kolocene nonmarine deposits

Mater Depth:

7 meters

28 meters

Range in Mean Grain Size: n = 6

Minimum: 3.06 phi 0. 1Z mm

Maximum: 0.56 phi 0.68 mm

1,48 phi 0.36 mmMean:

Range in Thickness:

Minimum:

Maximum:

  x 10~ yda!Estimated Volume   x 10 m !

192. 0146.8

Explanation of vawue:

Vibracores Penetrating Deposit:

945.5; 1049
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Minimum:

Maximum:

Minimum:

Maximum:

Other:

0 meters

35 meters



I=igure 58. isopach map of borrow area Sll-IÃ with associated vibracore
numbers, sand suitability symbols, and 1ine of geologic cross section S-S'.
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2/RlCore mmber: 1049 Date:

Sheet 1 of 1Total core length  an!: 216

Number of core sections: 1

Mater depth  ft!: Vertical scale: l cm 25 cm

Distance in cm
fron rap of core

~Lo

CSand: very fine grained, ranges from silt to coarse
sand with occasional sand and gravel size shell
fragments: moderately sorted; olive gray � Y 4/1!;
very faint mica laminae, mottling, and possible
bioturbation; very slightly micaceous; gradational
lower contact.

0-61

Sand: medium to coarse grained, ranges from silt to
gravel with abundant gravel size shell fragments;
poorly sorted; olive gr ay � Y 4/1! grading to
dusky yellow � Y 6/4!; apparently massive;
abundant whole pelecypod and gastropod shells;
gradational lower contact.

61-133

Sand: dominantly medium to fine sand, ranges from
silt to gravel with occasional gravel size shell
fragments and rock fragments; mottling and color
changes: dusky yellow � Y 6/4! from 133-148 cm.,
dark yellowish brown �0 YR 5/4! from 167-181 cm.,
and medium dark gray  N4! from 181-216 cm; possible
bioturbation.

133-2'16
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Figure 60. Log of vibracare 104~ which is illustrative of the sedimentologlc
character of borrow area SD-IX.



VIII. SAN DIEGO BAY, SAN DIEGO COUNTY

Introduction

As in the Oceanside and La Jol la areas, the geologic history of the

offshore San Diego region  Fig. 61! is dominated by its structure. The San

Diego Bay area is cut by many discontinuous, en echelon faults that

predominantly trend north, which are bounded by narth-northwest trending

faults. Moore and Kennedy �970!, Kennedy and others �980a!, and Kennedy and

Welday �980! prapose that these faults represent an offshore and souther1y

extension of the Rose Canyon fault zone, which trends through San Diego Bay,

continues along the east side of the San Diego airport  Lindberg Field! and

Mission Bay, curves around Mount Soledad, and trends offshore again ia La

Jolla Bay. To the south, the Rose Canyon fault zone tentatively has oeen

correlated to the Vallecitos-San Miguel fault zone, which trends

southeasterly through northern Baja Cali forni a; however, correlations with

the Aqua Blanca and Tres Hermanos fault zones also are possible  Legg, '1979;

Legg and Kennedy, 1979!.

Moore and Kennedy �970! and Kennedy and others {1915! suggest tnat the

faults of San Diego Bay and of the offshore bight form the west side af a

graben, the eastern boundary of which is the La Nacian fault which occur»

approximately 6 km east of the eastern edge of San Diego Bay. This would

result in a graben ranging from 6 to 18 km wide, depending on which of the

faults was considered the western boundary. A detailed study of the faults in

the San Diego offshare bight led Kennedy and Welday �980! to recognize and

name three major faults: The Spanish Bight fault, the Coronado fault, and the

Silver Strand fault. Darigo  in preparation! discusses the character of these

faults and associated structures.
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Other major faults in the area include a set immediately south of Point

Lorna and another set between the Silver Strand and Coronado faults. The set

south of >oint Lorna may be correlated to the north with several short,

north-trending faults in the channe'l between Point Lorna and North Island

identified by Kennedy and Welday �980!, and possibly to faults mapped by

Kennedy �975! on the east side of Point Lorna. The set between the Coronado

and Silver Strand faults consists of several parallel, en echelon segments in

a strip from 100 to 800 m wide, which may represent an east-stepping part of

the Coronado fault.

Pre-Ouaternary strata in the bight offshore of San Diego Bay are assigned

to the Cretaceous Rosa rio  ;roup, possibly some Eocene and Miocene units, and

the Pliocene San 'Diego Formation, Ouaternary strata include a thick section

of Pleistocene basin fill, the Ray Point Formation, and unnamed stream terrace

and basal gravel deposits; as well as Holocene nonmarine channel fill deposits

and ~arine cover.

Quaternary Stratigraphy

Upper Pleistocene Strata

Stratigraphy: Just east of San Diego Ray, the Lindavi sta Formatio~

over lies the San Oi ego Formation and is cut by the La Nacion fault zone   Artim

and Pinckney, 1973; and Kennedy and Tan, l977!. At present, the Lindavista

Formation occurs approximately 30 to 60 m above sea level in exposures west of

the La Nacion fault zone, and as much as 150 m above sea level within and east

of the fault zone. If San Diego Bay is indeed a graben, bounded by the La

Nacion fault zone on the east and the San Diego Ray and offshore bight faults

on the west, it is possible that Li ndavi sta deposits may have accumulated

within the graben and were later lowered below sea level. Dip-slip faults on

the east side of the graben offset the Lindavista terrace by as much as 70 m
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 Artim and Pinckney, 1973!. Along the proposed western boundary, i.e. among

the f'aults in the offshore study area, possible Lindavista deposits cannot be

distinguished from the Miocene-Pliocene strata in this area.

Fault-ponded sediment constitutes most of the offshore P1eistocene

section. Almost every relative1y thick P1eistocene unit is the result of

marine and nonmarine strata filling the gaps created by the complex wrench and

associated normal faulting in the area. These fault-controlled basins are

very small in lateral extent, which makes it difficult to correlate them. The

differentiation of Pleistocene from Miocene-Pliocene strata on the seismic

profiles is based on cross-cutting relationships, superposition, and

differences in seismic signature. Pleistocene strata usually are more

transparent, and contain 1ower amplitude, moderately continuous, more

horizontal reflectors; whereas Miocene-Pliocene strata contain higher

amplitude, higher frequency, more continuous and more closely-parallel

ref 1 ectors.

The thickest Pleistocene section occurs in the northwestern corner of the

study area. Here, Pleistocene basin fil 1 progrades over Miocene-Pliocene

strata, and attains a maximum thickness of 45 to 50 m. Thick Pleistocene

sections also have been reported beneath San Diego Ray. Pleistocene

fossi1s have been recovered at about 50 m below the bay floor from a well

beneath Coronado Bridge, and lithologically similar deposits extend as deep as

RA m  Kennedy and We1day, 1980!. Kennedy and others �975! report Bay

Point-like sand and shells at the bottom of a 60 m well just north of Imperial

Reach, and Rray and others �971! report Pleistocene strata at 88 m b.p.s.l.

about 7 km east of the Tijuana River mouth. In comparison, the thickest

Pleistocene section identified offshore occurs at a maximum of 63 m b.p.s.l.,

and zero Pleistocene thickness is thought to occur offshore of Imperial
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Reach. A thicker section is to be expected beneath San Diego Ray, because it

is closer to the center of the graben and has experienced more subsidence.

The disparity between Pleistocene thicknesses east and west of' Silver Strand

Reach can be explained by pre-Pleistocene vertical displacement along the

Silver Strand fault and others which might lie inshore of the seismic

coverage. During the Pleistocene, an estuary or strait may have existeo

between the offshore bight area and the mainland east of the present San Diego

Ray, thus forming an island which extended from the north end of Point I..orna to

the topographic high offshore of Imperial Reach,

Offshore of San Diego Ray, the thickness of the fault-ponded deposits is

highly variable, ranging from 5 to 50 m, which suggests that Pleistocene

sediment accumuIation was controlled mostly by the availability of space.

The shelf offshore of San Diego Ray was influenced by the proximal major

river valleys which existed during the late Pleistocene. These are, from

north to south; the Chollas, the Sweetwater and Otay which join before

entering the offshore area, and the Tijuana. Water wells in the Tijuana River

valley  Fllis and Lee, /919! indicate that it is the widest of the San Diego

County valleys, maintaining a 1.5 km width for more than 6 km inland. The

wells show that the valley fill overlying a relatively flat valley floor cut

into the San Diego Formation consists of a basal, continuous gravel and cobble

conglomerate from 3 to 11 m thick, which is overlain by a thick section of

sand and silt. Within the main section of valley fill, the basal conglomerate

is thought to be Pleistocene and the sand and silt unit is thought to be

Holocene. At a time of lower sea level in the late Pleistocene, the basal

gravel would have extended offshore, and should be present beneath the drowned

river valleys with similar thicknesses. iinfortunately, multi ples on the

seismic records obscure the base of the Tijuana River valley offshore, but

scant evidence suggests that the valley floor may lie from 45 to 50 m b.p.s.l.,
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and that it is overlain by approximately 5 to 6 m of the Pleistocene basal

gravel deposit. Older Pleistocene deposits also may lie in the offshore

Tij~ana River valley, which are adjacent to and cut by the most recent

channel ~ These deposits may represent either older stream terrace deposits or

they may be Pleistocene marine deposits, such as those of the Bay Point

Formation.

Although no water well data are available for the Sweetwater-Otay and

Chollas River valleys ta the north, Ellis and Lee   1919! describe the onshore

Sweetwater valley as being very narrow with a fill similar to that of the

Tijuana River valley, and containing at least 2 m of basal gravel. The

Sweetwater and Otay River Valleys merge into one valley from 600 to 1300 m

wide. From le2 to 3.4 km offshore, a bedrock island approximately 300 m wide

occurs in the middle of the Sweetwater-Otay valley. Pleistocene fil1 ranges

from 0 to 11 m in thickness, and thicker sections of possible Pleistocene

stream terrace or channel fill deposits may be laterally adjacent to the main

Sweetwater-Otay channel.

The Chollas River valley is 400 to 1500 m wide offshore, and the thickness

of Pleistocene channel fill deposits range from 3 to 12 m. Again, thicker

sections may occur laterally.

~Litholo : Pleistocene strata were recovered only in vibracore 163, which

is located in the northern part of the study area  fig. 61!. Core 106 stopped

penetrating at the top of a Pleistocene unit. The base of core 153 consists

of olive gray, sparsely fossil iferous, slightly micaceous, apparently massive,

moderately- to poorly-sorted, very fine to fine-grained sand. This portion of

core 153 corre1ates with parallel, continuous reflectors, which occur in the

middle of one of the fault basins in this area. Although the seismic

reflectors are nearly horizontal in the immediate vicinity of core 153;

farther to the southeast, they dip and prograde northwestward onto a strongly
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reflected, uneven surface. Oue to the change is se~smic signature, it is

clear that the recovered sample cannot be representative of the entire

Pleistocene secti on. The strata filling the faulted basins probably are a

combination of alluvial fan deposits, slope wash, channel deposits, and/or

estuarine or low-energy marine deposits. In other shelf sectors, where the

Pleistocene strata are thinner, these units consist mainly of basal gravel

deposits typical of river fill. At times of lower sea level during the

Pleistocene, the faulted basins may have formed a strait between Point Lorna,

which was then an island, and the mainland. Rowersox �974! and Grotts �981!

have proposed the existence of the "Lorna Strait" on the basis of biotal

assemblages, which, in turn, suggests the presence of a shallow, sheltered

muddy shore environment with isolated sandflats.

Holocene Strata

major offshore river valleys; coarser-grained, marine sand deposits; and the

nearly ubiquitous, very fine-grained, marine cover.

Although true thicknesses often are obscured by multi ples, fill in the

offshore river valleys constitutes the most voluminous Holocene component.

The Chollas and Sweetwater-Otay channels exist as separate valleys for

approximately 4 to 5 km offshore, where they coalesce into one

longshore-trending channel  Oarigo, in preparation!. Another channel extends

from the Chollas River valley toward Point Lorna, and here wil 1 be referred to

as the "Point Lorna River". Southwest of the Sweetwater-Otay channel, what

appears to be the main western outlet for the channels extends for at 1east 4

km west of the middle shelf, longshore channel, and turns southward along

bedrock exposures. At the southwest corner of the study area, this channel

may merge with the Tijuana River valley. The shape and location of these

channels are partly controlled by struct ure. Where a channel makes a sharp
177



bend, it is usually either following a fault-associated depression or has been

laterally offset by faults subsequent to deposition. The Point Lorna channel

in particular is bounded by north-trending faults in its northern extent, and

makes an abrupt turn to the east, perhaps in response to downwarping

associated with a major syncline, which trends parallel to exposed Cretaceous

rocks. The middle shelf, north-trending channel also may be partly oriented

due to faulting. Local uplift associated with the Spanish Bight fault may

have prevented the Chollas River valley from achieving a more di rect westerly

route towards exposed Cretaceous bedrock; rather, it trends southwa rd and

,ioins the Sweetwater-stay River valley.

The Point Lorna channel is the most narrow of the four main channels, and

ranges in width from less than 300 to about 900 m. Holocene fill in this

channel ranges from 70 to 35 m thick, and fill along the sides of this channel

range from 10 to ZA m thick. The base of the channel seems to shallow to the

north, which suggests this ancient river flowed to the south,

The Cho'ilas River valley is from 400 to 700 m wide nearshore, and extends

as far as 3.6 km offshore, where it widens to 1500 m and joins the other

valleys. Holocene stratal thicknesses in the Chollas River valley range from

25 to 36 m in the nearshore segment �.6 km!, and range from 12 to 35 m

farther offshore.

The Sweetwater-Otay River valley ranges from 600 to 1300 m wide. The

nonmarine Holocene fill in the nearshore part of the channel is from 8 to 26 m

thick; in the middle shelf segment, it i s from 21 to 23 m thick; and in the

channel extending offshore, it is 21 to 34 m thick.

Lithology; 0 total of 75 vibracores were recovered from the San Diego

Ray area  Fig . 61!, which range fr om 1.56 to 5.72 m and average 2.84 m long.

Holocene sediment in the San Diego Bay area can be assigned to three distinct
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categories:   1! very fine- to fine-grained, marine sand; �! coarser-grained,
nonmarine sand in offshore channels; and �! medium-grained, marine sarid not

associated with the offshore channels.

The olive gray to olive black, slightly fossili ferous, micaceous,

apparently massive, moderately-to well-sorted, very fine- to fine-grained
Kolocene marine sand appears in all of the vibracores from the San Diego

bight, with the exception of A-745 in which only Miocene-Pliocene sediment was

recovered. The seismic signature of this material consists of parallel,

continuous, low amplitude reflectors. Unlike the shelves off Oce~nside, La

Jolla, and Mission Beach, the San Diego shelf is characterized by relatively

thin stratigraphic sections of this unit, which rarely exceed 5 m. Wh re the

total Holocene thickness in non-channeled areas is greater than 5 m, the

section is a combination of the fine-grained Holocene cover and the

coarser-grained marine sand unit.

Holocene nonmarine deposits were recovered in 9 cores, and one other core

�99! stopped penetration at the top of a nonmarine deposit. Generally tnose

cores located along the channel margins display intercalated very

fine-grained, marine and coarser-grained, nonmarine deposits, e.g. vibracores

509, 822 and 829; whereas those in the middle of the channels display

uninterrupted nonmarine strata capped by a thin, very fine-grained marine

cover, e.g. vibracores 290.5, 300, 333, 398, and 511.5. The nonmarine

deposits consist of light to olive gray to yellowish brown, apparently massive
to cross stratified, micaceous, moderately- to poorly-sorted, medium-to

coarse-grained sand, but range from silt to very coarse-grained sand «nd

gravel. Samples along the channel margins show more marine attributes, such
as finer grain size, more shell fragments, bioturbation, etc.
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A distinction usually can be made between the nonmarine and very

fine-grained marine units an the seismic profiles. The nonmarine sections

usually correlate with seismic units that are laterally continuous w1th the

channel and inter nally poorly reflected. In contrast to the parallel, very

continuous reflectors of the marine layers, the nonmarine depos1ts show

chaotic, discontinuous, and occasionally concave, channel-like reflectors. The

d1fferent seismic signatures imply relative rates of sediment accumulat1on:

the flay-lying, continuous marine reflectors suggest slow depos1tion, whereas

the th1ckly-bedded, internally chaotic nonmar1ne more rapid deposition. Where

the vibracores penetrated interbedded marine and nonmarine strata, the sei smic

section shows alternating reflector types, which generally can be detected for

individual beds more than 1 m thick.

The medium-gra1ned marine sand unit was recovered in vibracores 153,

?R7 and 777. The sediment consists of olive-gray, sparsely fossiliferous,

m1caceous, apparently massive, poorly to moderately well- to well-sorted,

medium-grained sand with occasional gravel. The seismic signature of these

deposits is s1mi lar to those of the nonmarine units, i.e. internally poorly

reflected and chaotic. These medium-grained, marine deposits range from less

t han 1 to 3 or 4 m thick, and they may represent lag deposits associated w1th

the erosion of nearby Cretaceous, Tertiary and/or Pleistocene strata.

Compositianal data for 15 Holocene nonmarine, 25 Holocene very

fine-grained marine, and 6 Holocene medium-grained marine samples are listed

in Table ?7. The vast majority of these samples may be classified as

feldspathic litharenite, but 3 are lithic arkose and 5 are 11thic subarkose

 McRride, 1963!.
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Table 27. Summary of lithologic composition of sand from samples recovered
from the 'San Diego Bay area.

HOLOCENE
NONAR I NE

LITHOLOGIC COMr Osr T ION HOLOCENE

MEDIUM
MARINE

n=6n=25

Mean XMean 5

~rionocr stalline Brains

22.519. 728. 0Nonundul ose Auartz

Undul ose Ouartz IO,48.912.6

Plagioclase Feldspar

Potassium Feldspar

15. 710. 914.8

4.95.5

0.10.20.1

0.60.50.5

5.621. 24.q

0.10.0

0.00.0 0.0

Os00.0 Oan

0.1O.20.1

Polycrystal line Grains

6.14 ~ 67 ~ 2

4.63.44. 4

17. 612. 416. 8

0.00.1Metamorphic Rock

Volcanic Rock

0.1

0.10.10.2

0.10.20.2

0.50.7Da1

7.49.91.4

2.82.82.9

Pyroxene
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Ri oti te

Epidote

Sphene

Garnet

Magnetite-Ilmenite
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Ouartz with >3 subunits

Plutonic Rock

Siliciclastic Rock

Intraclastic Grains

All ochemical Constituents

Mi crocrystal line Guar tz

n =15

Mean W
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VERY-F INE

MARINE



Potential Sand and Gravel Resources

Potential Borrow Area SD-X

Potential borrow area SO-X occurs between the � and 18 m isobaths in the

nearshore part of the shelf from Coronado Shores south to Imperial Beach

 Table 28, Figs. 61 and 62!. The target material at this site includes

Miocene-Pliocene, Pleistocene, Holocene nonmarine and Holocene medium-grained

marine deposits  Figs. 63 and 64!. Holocene nonmarine deposits occur only in

the Chollas and Sweetwater -Otay River channels, and Holocene medium-grained

marine deposits form a thin layer on top of Pleistocene and Tertiary deposits.

Pleistocene deposits include a basal gravel in the Chollas and Sweetwater-Otay

channels, and slope-wash deposits filling the small basins in the northern

part of SD-X. Miocene-Pliocene deposits underlie ail of SO-X, and becorrie a

possible target where the Quaternary strata thin. Potential borrow area SD-X

is estimated to have a maximum of 265.7 x 10 m of suitable sand.

Potential Borrow Area SD-XI

Potential borrow area SD-XI is actually continuous with SO-X, but a

convenient division is placed immediately north of Imperial Beach  Fig. 61!.

SD-XI is located between the 4 and 27 m isobaths, and extends from the

nearshore zone off Imperial Beach southward to the northern edge of the

Tijuana River valley  Table 29, Figs. 61 and 65!. The target material in

SD-XI consists of Miocene-Pliocene strata with smaller quantities of

Pleistocene and medium-grained, marine Holocene sand deposits on its west

side, and a small pocket of Holocene nonmarine strata in its southeast corner

 Figs. 66 and 67!. The western extent of the Pleistocene and marine,

medium-grained, Holocene deposits was determined largely by a change in

surface texture from rough to smooth as observed on side-scan sonar records.



Table 28. Sumroary of potential borrow area S0-Ã.

Type of Deposit:

Tertiary  ?!, Pleistocene basal gravel and slope wash deposits, and
Holocene nonmarine and marine, medium-grained sand deposits.

Water Depth:

Mi nimum:

Max i mum:

Range in Mean brain Size: n = 12

Minimum: 2,64 phi 0. 16 mm

Maximum: rj. 31 phi 0. Al mm

1. 29 phi O. 41 romMean:

Range in Thickness:

Minimum:

Max imum;

  x 106 yd3!Estimated Volume   x 106 m~!

347.5265. 7

Explanation of value:

Vibr acores Penetrating Deposit:

272; 29A. 5; 511..>
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Mi nimum:

Max imum;

Other:

<5 meters

lR meters

<5 meters

40 meters



~ I I8  lUIF!

~ 149 MF !

~ 882 
~ 878 MF!

~ <62  MP!

SD� /
ZI1

~ 333 S!

e 00  MF!

as Iicii

c c ii ra ~ ~ I ere R vsc ~ 5m

49 at MF! ~

527 UF! ~

675  IVIF! ~

Figure 62. Isopach map of borrow area SD-X with associated vibracore numbers,
sand suitability symbols, and line of geologic cross section T-T' ~

184

NOTE
Areas with

sand and gravel th
where lithOlagy ond
specul ~ tive due to
and difficult correlotion ~, These areas
are thOught ta have sand and graVel
patentiol because of their thin elm thick!
overburden of silt ond very fine sand,
but the Sand and graVel Content Ot the
underlying deposits is unknawr,

 MF!

/
I

/
I



Figure 63. I!col ogic cross section Y-I'.
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Date: 2 81Core mmber: 290.5

Total core length  cm!: 347 Sheet 1 of 2

Water depth  ft!: Vertical scale: l cm ~ 25 cm

Distance in cm
&am top of core ~Lo

Sand: medium to coarse grained, ranges from silt to
very coarse sand; moderately sorted:. moderate
yellowish brown �0 YR 4/2!; apparently massive;
large gravel clasts �-8 cm dia.! concentrated
from 39-51 cm; slightly micaceous; minor shel'I
fragments; gradational lower contact.

0- 51

Sand: medium to very coarse grained, ranges from very
fine sand to gravel; moderately sorted; dark
ye1lowish orange �0 YR 6/6!; apparently massive
with large gravel clasts �-8 cm dia.! from 51-66
cm; minor amount of shell fragments; gradational
lower contact.

51-109 , ~

r

Sand: medium grained, ranges from very fine to very
coarse sand; moderately to moderately well sorted;
moderate yellowish brown �0 YR h/2!; predominantl
massive with occasiona'l coarse sand interbeds and
faint mica laminae that are slightly deformed
concave downward; occasional small shell fragments;
no lower contact.

109-180
92 ~

Sand: medium grained, ranges from very fine to very
coarse sand; moderately well sorted; moderate
yellowish orange �0 YR 6/6!; predominantly massive
with faint mica laminae that are deformed concave
downward; occasional shell fragments; sharp lower
contact.

180-256
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Fiqure 64. 1 Log of vibracore 290.5 which is i Ilustrative of the sedimentologic
character of borrow area SD-X.



Date: 2/81Core ntlnber: 290. 5

Total core length  cm!; Sheet 2 of 2347

Number of core sections:

Water depth  ft!: Vertical scale: l cm = 25 cm

Distance in cm
fram top of core

~Lo
e ~

Sand: fine to medium grained, ranges from silt to
gravel, the gravel size fraction consists
predominantly of large clasts 1-3 cm dia. and
shell fragments; moderately to poorly sorted;
moderate yellowish brown  l0 YR 5/4! chaotic
mixture of clasts, shell fragments and sand; large
shell fragments and whole pelecypod shells concen-
trated throughout; sharp lower contact.

256-278

Sand; very fine to fine grained, ranges from silt to
coarse sand, the coarse sand fraction being
predominantly shell fragments; moderately well
sorted; olive black � Y 2/1! apparently massive;
slightly micaceous; occasional shell fragments.

278-347

Figure 64.2 Log of vibracore 290.5 which is il lustrative of the sediraer tologic
character of borrow area SD-X.
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Tabl e 29. Summa ry of potential borrow area SO-X I.

Type of Deposit:

Tertiary  ?!, Pleistocene, and Holocene nonmarine and marine,
medium-grained sand deposits.

Water Depth:

4 meters

27 meters

Range in Mean Grain Size: n = 7

Minimum: ? 65 phi 016 mm

Maximum: -0.1F phi 1.11 mm

Mean: 1.34 phi 0.40 mm

Range in Thickness:

Ni nimum:

Nax imum:

Estimated Vo 1 ume   x 106 m 3!   x 106 yd3!

Mi nimum:

Maximum; 31. 5P4. 1

Explanation of value:Other:

Vibr acores Penetrating Deposit:

A-74'5; 3QR
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Mi nimum:

Maximum:

0 meters

jF meters
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Figure 66. Rologic cross section U-II'.
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2/81Core nmnber: 398 Date:

Total core length  cm!: 240 Sheet 1 of

Number of core sections: 1

Water depth  ft!: Vertical scale: 1 cm = 25 cm

Distance in cm
fran top of core

~Lo

~ rn
0-29

e
cn

en,

29-74

74-110

110-170

170-240

Figure 67. Log of vibracore 398 which is il lustrative of the sedimentologic
character of borrow area SD-XI.

Sand: broad range from silt to gravels with the mode
being medium sand, the gravel fraction contains a
small amount of rock and shell fragments; poorly
sorted; light olive gray � Y 5/2!; apparently
massive; occasional shell fragments throughout;
gradational lower contact.

Sand: broad range of grain sizes: pockets of clayey
silt intermixed with pockets of medium to very
coarse sand with occasional gravel, from 29-49 cm,
grading to muddy, homogeneous, fine to coarse sand,
from 49-74 cm; poorly sorted; olive black � Y
2/1!; very deformed layers of sediment from 29-49
cm, but apparently massive from 49-74 cm; slightly
micaceous; sharp 1ower contact.

Sand; coarse grained, ranges from silt to gravel, the
gravel fraction consists af rock fragments;
moderately sorted; olive gray � Y 2/1!; apparently
massive; sharp lower contact.

Sand: very fine to fine sand, ranges from silt to
very coarse sand; moderately sorted; dark yellowish
brown �0 YR 4/2!; apparently massive; passible
bioturbation; large clast 11 cm dia. from 110-120
cm; na lower contact.

Sand: same as interval 110-170 cm. but contains no
clasts.

' ~

n

n
n ~



Potential Borrow Ares SD-XII

Potentia1 borrow area SD-XII is fairly small, and is located from 2 to 3

km west of SP-X  Fig. 61!. This potential borrow area occurs between the 17

and PP m isobaths, and is estimated to contain no more than 0.4 x 10' m~ of

suitable sand  Table 30, Figs. 61 and 68!. The target material is the

medium-grained, marfne Holocene unit, whfch fs no more than 1 m thick

throughout SD-XII  Figs. 68 and 69!,

192



Table '30. Summary of potential borrow area SD-! II.

Type of Deposit:

Holocene, marine, medium-grained sand deposit

Water Depth:

Mi nimum.

Maximum:

Range in Mean rr ain Size: n = 4

Minimum; l.O6 phi 0. 12 mm

Max imum: 1. 19 phi D. 44 mm

1,97. phi 0. 26 mmMean:

Maximum:

  x 1O6 yd~jEstimated Volume   x 10' m3!

0. !n.4

Explanation of value;

Vibracores Penetrating Deposit:

PR7

193

Range in Thickness:

Minimum;

Mi nimum:

Maximum:

Other;

17 meters

72 meters

1 meters

1 meters



Figure 6R. Isopach map of borrow area SD-XII with associated vibracore
numbers and sand suitability symbols.
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Date: 2 81Core nnmber: 257

Total core length  cm!: Sheet 1 of

Water depth  ft!: Vertical scale: l cm = 25 cm

Distance in cm
fram tap of core

~Lo

0-45

45-96

96-168

168-235

Figure 69. I og of vibracore 251 which is illustrative of the sedimentologic
character of borrow area SD-Xll.
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Sand: medium to fine grained, ranges from very fine
to very coarse sand with very coarse sand to gravel
size shell fragments; moderately to poorly sorted;
moderate yellowish brown �0 YR 5/4! intermixed
with olive black � Y 2/1! grading downwards to
dar k yellowish orange �0 YR 6/6!; predominantly
massive with sparse pelecypod and other shell
fragments grading downward to very concentrated
from 29-45 cm; slightly micaceous; sharp lower
contact.

Sand: fine to coarse grained, ranges from very fine
sand to gravel; moderately to poorly sorted;
moderate yel 1 owi sh brown   l0 YR 5/4!; intermi xed
with olive black � Y 2/1!; apparently massive;
slightly micaceous; occasional shell fragments;
gradational lower contact.

Sand: very fine grained, ranges from silt to medium
sand; moderately well to well sorted; olive black
� Y 2/1!; apparently massive; s'lightly micaceous;
sparse shell fragments; no lower contact.

Sand: same as interval 96-158 cm but predominantly
fine grained.

e4 ., ~

c

I





SUMMARY

Approximately 1,366 x 10 ma of suitable sand and gravel occur in 22

potential borrow areas on the inner continental shelf of southern California

from Santa Monica Bay to the United States-Mexico border  Tables 31!.

Although considerable geologic information is available concerning potential

borrow areas in Santa Monica and San Pedro Bays, much more seismic and

vibracore data is needed to further delineate the borrow areas along the San

Diego County shelfy

In lieu of the volume of suitable material in these potential borrow

areas, the necessity of continued beach nourishment and restoration programs,

and the bordering levels of commercial profitability, further consideration of

offshore sand and gravel mining is warranted for the southern California

shelf.
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Table 31. Summary of potential offshore sand and gravel resources in southern
California from Santa Monica Bay to the United States-Mexico border.

Potential
Rorrow

Area

I. SANTA MONICA RAY, LOS ANGELES COUNTY

50.5l. R-V

8-IV

3. R-III
4. R-II

5. R- I

Total 338.O 462.6

II. SAN PFDRO RAY, LOS ANGELES AND ORANGE COUNTIES

78.8

168.2
6. A-I I I
7. A-I I
R. A-IV

9. A-V
10. A- I

21. 8

102.4

Total 382.5261.7

III. DANA POINT ARFA, ORANGE COUNTY

IV. OCEANSIDE AREA, SAN DIEGO COUNTY

24 ' 9

20.7
11. SO- I
12. SO- I I

Total

V. OC.EANSIOF TO LA 10LLA ARFA, SAN DIEGO COUNTY

32. 2Total

198

13.

14.

15.

16.

SO- I I I

SO IV

SO V

SD-VI

Minimum Volume
of Suitable

Material
x IO6 m'

13. 8
248. 5

26. 8

32. 9

16.O

34. 0

148. 3

11. 3

6.5

61.6

Maximum Volume
of Suitable

Material
x 10~ ma

60.4
77.2

26.O

12. 6

9.5

7.9

2.2



Table 31. Con't

Total 6.2

Total 146. 8

Total 290.2

199

VI. LA JOLLA AREA, SAN DIEGO COUNTY

17. SD-VI I
1R. SD-VIII

VI I. MISSION RFACH ARFA, SAN DIEGO COUNTY

19. Sn-IX

VI I I. SAN DIEGO RAY, SAN DIFGO COUNTY

20. SD- X
21. Sn-XI
22. SD-X! I

2.4

3.8

265. 7

24.1

0.4
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APPENDIX A

VIBRACORE LOGS AND SEDIMENT DESCRIPTIONS

This appendix contains vibracore sediment descriptions based on
megascopic and microscopic examination. Core locations are indicated in the
appropriate section of the main body of this report. An explanation of the
symbols used for the vibracore logs is provided on page ix of this appendix.

Sediment color is based on wet samples.

Sediment names are based on the Wentworth grain-size classification,

which is summarized as follows.

Size  mm! PhiSediment

>2
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Gravel

Very coarse sand

Coarse sand

Medium sand

Fine sand

Very fine sand

Silt and clay

1.0 to 2.0

0.5 to 1.0

0.25 to 0.5

0.125 to 0.25

0. 0625 to 0. 125

<0.0625

Oto-1

lto0

2to 1

3to2

4to3
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APPENDIX 8

RESULTS OF SEDIMENT GRA!N-SIZE ANALYSIS

A. Summary tables of grain-size data.

In this section of Appendix B, the sample number, mean phi, mean mm,

standard deviation, skewness, 'kurtosis, mode, weight percent gravel, weight

percent sand, and weight percent fines  silt and clay combined! are listed for

each sediment sample. The first part of each sample number refers to the

vibracore from which the sample was collected, and the second part refers to

the sample depth in cm from the top of that core. Vibracores obtained by

personnel from the University of Southern Cali fornia are prefixed by the

letters V, H or D. Vibracores obtained by personnel from the U. S. Army Corps

of Engineers Coastal Engineering Research Center are designated by a number

wi th the prefix A or 8 generally referri ng to the core half exami ned. It

should be noted that all grain-size values presented in this report are based

on the weight percentage of sedi ment retai ned on a given si eve, rather than

the percentage passing through.

B. Results of grain-size analysis for each sediment sample.

In this section, more specific grain-size information as we' ll as a

histogram is provi ded for each sample . The following data are listed: sample

number, sediment weight by phi class, total sample weight, weight percent by

phi class, cumulative weight percent by phi class, inverse cumulative weight

percent by phi class, mean phi, mean mm, standard deviation, skewness,

kurtosis, weight percent gravel, weight percent sand, weight percent fines

 silt and clay combined!, and a histogram based on phi class intervals.
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I. Santa Monica Bay, Los Angeles County

A. North of Borrow Area 8-IV

ore 8-68 000 cm .......,..... ~ ......................... 1C

ore 8-68 154 cm ....................................... 2C

are 8-68 300 cm ~ ...........................,....... ~ .. 3C l

ore 8-68 420 cm .........,............................. 4C 7

are 8-68 590 cm ..............,.......,.....,.......... 5C

are 8-65 000 cm ............................,.......... 6C

ore 8-65 120 cm ....................................... 7C

Care 8-65, 280 cm ....................................... 8

Cat e 8 65' 360 cm ~ ~ ~ t ~ ~ ~ r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ e ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

ore 8-65 450 cm ............................. ~ ~ ... ~ .... 10C

Core B-o5, 563 cm ....................................... 1

Cal e 8 64 061 clll e ~ ~ r i ~ ~ ~ ~ e e ~ ~ ~ o ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 12

Core 8-64, 091 cm ....................................... 13

Care 8-64, 244 cm .............................,......... 14
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ore B-64 302 cm .......................,............... 15C t

ore B-64 330 cm ,......,.......,,,...,,,,.....,.....,. ]6C

ore 8-64 361 cm ......,,............................... 17C

ore B-64 483 cm ................................ ~ ~ ..... 18C

Co/ e B 64' 544 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ t ~ ttt ~ ~ t ~ ~ ~ ~ 1

ore B-64 584 cm .... ~ .................................. 20C

Borrow Area B-IY

ore B-61, 030 cm ....................................... 21C

ore B-61, 122 cm ....................................... 22C

Core B-6i., 244 cm t ~ ~ ~ ~ ~ ~ 1 ~ ~ ~ t ~ ~ ~ ~ ~ ~ etl ~ 4 ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ t ~ ~ ~ ~ 23

Core 8-6i, 307 cm ....................,..................

Core B 61 y QY9 cm ~ ~ ~ ~ ~ ~ o ~ ~ t ~ ~ ~ s ~ ~ s o ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ s ~

Core B-61, 427 cm ... ~ .......,,. ~ .,,,....,,,....,....,... 26

Core B-6i, 460 cm .... ~ ...... ~ ........... ~ ...... ~ ~ . ~ -. ~ ~ ~

ore B-61, 488 cm ...................................,... 28C

Cof e B 6] y 546 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ e 2'79

ore B-62, 000 cm ....,......... ~ ~ ....................... 30C

ore B-62, 150 cm ....................................... 31C

Core B-62, 180 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~

Core B-6Z! 315 cm eeriest . ~ ~ e ~ ~ . ~ o. ~ oo ~ ..i ~ ~ ~ ~ t ~ ~ e ~ ~ t ~ ~ ~ ~

Core B ! cm ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ 0 ~ ~ t ~ ~ ~ t ~ ~ 5 ~ ~ ~ ~ ~ ~ t ~ ~

Core B-63, 030 cm .....,.... ~ ~ .......,,...,.............. 35

Core B-ba, U9i. cm o ~ ~ ~ so ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 36

Core B-os, <as cm ....................................... 37

Core B-o~, l'98 clTl ~ ~ ~ ~ ~ ~ ~ ~ ~ 4 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ 38

Core B-63, 200 cm .. ~ .................................... 39

Core B-63, 229 cm .....,,,...,...,...,.....,...,,...,,... 40

Core B-63, 290 cm ............... ~ ~ ...................... 41
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ore 8-63, 338 cm ............................... ~ ....... 42C

ore 8-63, 391 cm ......................... ~ ... ~ ......... 43C

ore 8-63 432 cm a ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ 44C

ore 8 63' 435 cm s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i 45C

ore 8-59, 000 cm I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ Ott ~ ~ ~ ~ 92 46C

ore 8-59 061 cm ......................... ~ ............. 47C 7

ore 8-59, 122 cm ....................................... 48C

ore 8-59, 193 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 4 ~ ~ ~ ~ t ~ ~ t ~ 49C

ore V-37, 056 cm ........................,.............. 50C

ore V-37 173 cm ................... ~ ~ .................. 51C

ore V-37, 235 cm ~ ........... ~ ...........,.......... ~ ... 52C

ore V-3? 300 cm ....................................... 53C

ore V-37 368 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t 54C

ore 8-51, 061 cm ............... ~ .............. ~ ....... ~ 55C

ore 8-51, 122 cm ...............................,....... 56C

ore 8-51, 183 cm ....................................... 5?C

ore 8-51, 244 cm ....................................... 58C

ore 8-51 305 cm ....................................... 59C

ore B-52 030 cm ....................................... 60C

ore B-52 091 cm ..............................,,,...... 61C

ore B-52 185 cm ......,,............................C

ore B-52, 244 cm ....................................... 63C

ore B-52 305 cm ..............................,..... ~ . ~ 64C

ore B-52 396 cm ....................................... 65C

ore B-52, 503 cm ....................................... 66C

ore 8-50, 030 cm ....................................... 67C

ore B-50, 122 cm ................................. ~ ..... 68C
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ore B-50 213 cm ....................................... 69C

ol e B 50 305 cm ~ ~ ~ ~ o ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ o ~ 70C I

ore B-50 388 cm ....................................... 7 1C

ore B-50 480 cm ....................................... 72C

ore B-50 612 cm te ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~C

C. Cores outside of Borrow Areas

ore B-60 000 cm ....................................... 74C

ore B-60 032 cm ....................................... 75C

ore B-60 425 cm ,.................,.................... 76C

ore U-52 060 cm I ~ e ~ ~ tt ~ ~ ~ ~ ~ ~ o ~ ~ i ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s 77C

ore V-52 160 cm ....................................... 78C

ore U-52 318 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ eo ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ tta 79C

ore V-53 115 cm ....................................... 80C

Core U-'53 220 cm .................. ~ . ~ .................. 811

ore V 53 370 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ t t ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ e ~ ~ ~ ~ ~C

ore V-53 410 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~C

ore U-53, 430 cm ....................................... 84C

ore Y-53 490 cm ....................................... 85C

ore V-53, 540 cm ....................................... 86C

Core B-~~! 000 c'm ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ o ~ ~ i ~ ~ ~ o ~ ~ ~ 4 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ i 8

ore 8-58 123 cm ....................................... 88C

ore B-58, 245 cm 41 .................................... 89C

Core B-58, 245 cm 42 .................................,.. 90

ore B-58, 488 cm ....................................... 91C

Core V-43, 033 cm ....................................... 92

Core Y-43! 202 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ot ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

Core Y 43 y 258 cm ~ o ~ ~ ~ ~ ~ ~ o ~ ~ i e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ 9Q4
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ore V-43 305 cm ...........................,........... 95C

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ 96Core V-43, 408 cm ...........................

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e 97Core B-57, 000 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

ore B-57, 061 cm ....................................... 98C

ore B-5? 290 cm .............................. ~ ........ 99C

ore B-57, 478 cm ............. ~ ......................... 101C

ore B-57, 605 cm ....................................... 102C

ore V-47, 01? cm ....................................... 103C

ore V-47, 067 cm ............ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ttt 104C

ore V-47, 122 cm .................................,..... 105C

ore V-47, 182 cm ....................................,.. 106C

ore V-47, 227 cm ...................... ~ ............. ~ .. 107C

C ore V-4? 260 cD1 ...................... ~ ................ 108

ore V-47, 300 cm .............. ~ ........... ~ .. ~ ......... 109C

ore V-47, 345 cm . ~ ........................ ~ ...........- 110C

ore V-4? 375 cm ......, +92 ~ 04 ~ ~ ~ ~ ~ ~ ~ ~ ~ +00 ~ ~ ... 111C

ore V-47 407 cm ...............,....................... 112C

ore V-47, 465 cm . ~ ~ .................................... 113C

ore V-47 540 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ tst ~ ~ ~ i ~ ~ ~ ~ t0 ~ ki ~ i ~ 0 114C

ore B-46, 000 cm ..........,................. ~ .......... 'I15C

ore B-46, 000 cm .........................,........,.... Il6C

Core B-46, 000 cm,......,................. " .. " .. " .. 'I I 7

C ore B-46, 046 cm ............................ ~ .......... 'I!8

ore B-46 110 cm ..............................,........ '119C

ore B-46 110 cm ............ ~ .......................... I20C 4 ~

ore B-46 166 cm .....,................................. I21C
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ore B-57, 357 cm ... ~ .............,,.................... 100C



ore 8-46, 243 cm .................................. ~ ~ ... 122C

Core 8-46, 393 cm gl .................................... 123

Core 8-46, 393 cm 42 .................................... 124

ore 8-46 426 cm .................. ~ .................... 125C 4

ore 8-46 460 cm .... ~ .................................. 126C

ore 8-46, 510 cm ....................................... 127C

ore V-31 006 cm ..................................... ~ . 128C

ore Y-31, 022 cm ....................................... 129C

ore V-31, 070 cm ....................................... 130C

C ore V-31 120 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ tt ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a 131

ore V-31 170 cm .............,........................, 132C

ore V-31 210 cm ....................................... 133C

ore V-31, 250 cm ..............,.......,................ 134C

ore V-31 300 cm ............................. ~ .. ~ ...... 135C

Core 8-48, 061 cm ......................................, 136

ore B-48 183 cm ....................................... 137C

Core 8-48, 305 cm ...........,........,...

Core 8-48, 427 cm ....................................... 139

ore 8-48, 488 cm se ~ ~ ~ ~ ~ ~ ~ ~ ~ 11 ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ t ~ ~ ~ e 140C

Core 8-48, 513 cm

ore 8-48, 607 cm ..........................,............ 142C

Core 8-47, 030 cm ... ~ .......................... ~ ........ 143

Core 8-47, 06i cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ te ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~47, 06i .. 144

Cof e 8 47' 09i cm ~ e ~ ~ + ~ y ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ a ~ ~ o ~ ~ ~ ~ ~ ~ ~ II ~ ~ ~ ~ ~ ~47~ 09i . 145

Core 8-47, 122 cm ....................................... 146

Core 8-47, 183 cm e ~ ~ ~ ~ ~ tt ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ e ~ ~ t ~ ~ ~ te ~ ~ ~ ~ ~ 147

Core 8-47, 244 cm ....................................... 148

V't 1
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ore 8-47, 366 cm ..................................... ~ . 149C

ore 8-47, 457 cm ....................................... 150C

ore 8 47 579 cm ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~C

Core 8-44, 000 cm ¹1 ..........................,......... 152

Core 8-44, 000 cm ¹2 .................................... 153

Core 8-44, 152 cm ¹1 .......,............................ 154

Core 8-44, 152 cm ¹2 ......................... ~ .......... 155

ore 8-44, 152 cm ¹3 .................................... 156C

Core 8-44, 263 cm ¹1 ..........................,......... 157

Core 8 44~ 263 cm ¹2 ~ ~ e ~ a s ~ ~ s ~ ~ ~ s ~ ~ e ~ ~ ~ ~ ~ e ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 58

ore 8-44,.263 cm ¹3 .................................... 159C

Core 8-44, 339 cm ¹1 ...................,.........,...... 160

Core 8-44, 339 cm ¹2 .................................... 161

Core B-44, 428 cm ¹1 ~ ............................,...... 162

Core 8-44, 428 cm ¹4 0 ~ ~ ~ ~ ~ ' ~ ~ . ~ ~ ~ ~ ~ 0 ~ ~ ~ 4 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 163

Core 8-44, 428 cm ¹5 .................................... 164

Core 8-44, 539 cm ¹1 .................................... 165

Core 8-44, 539 cm ¹2 .................................... 166

ore 8-43 030 cm ............................,.......... 167C 4

ore 8-43 091 cm ..................................,. ~ .. 168C

ore 8-43 152 cm ........... ~ ........................... 169C 4

ore 8-43 241 cm 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 044 ~ tt ~ ~ ik ~ ~ ~ ~ ~ sl ~ ~ ~ ~ ~ ~ ~ ~ ~ I 170C 4

ore 8-43 302 cm ...,.....................,............. 171C

Core 8-43, 305 cm .................. ~ ~ ................... 172

Core 8-43, 427 cm .........................,............. 173

D. Borrow Area 8-V

ore V-38, 010 cm ....................................... 1.74C

Core V-38, 040 cm ....................................... 175
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ore Y-39 015 cm ....................................... 176C

ore Y-39, 055 cm ....................................... 177C

ore V-39 100 cm ....................................... 178C

ore V-39 140 cm .............. ~ .............. ~ ......,,. 179C 1

ore V-39 180 cm ....................................... 180C

ore V-39 210 cm ~................................. ~ . ~ .. 181C 7

ore Y-51 030 cm ...............................,....... 182C

ore Y-51 090 cm ............,,.....,,,,............,... 183C

ore V-51 150 cm I ~ ~ t ~ ~ ~ ~ ~ ~ te ~ ~ e ~ ~ t ~ ~ e ~ ~ ~ t ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ 184C

Core V-40 010 cm ....................................... 185

ore V-40 038 cm ...............................,,...... 186C

ore V-40 070 cm 92 ~ ~ ~ ~ ~ 1 ~ ~ 1 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ tt ~ ~ s ~ ~ et ~ ~ ~ ~ a ~ ~ ~ 187C

ore Y-40 105 cm ....................................... 188C 4

Core Y-50, 007 cm ....................................... 189

ore V-50 027 cm ....................................... 190C

ore V-50 050 cm ....................................... 191C

ore V-50 085 cm ............................,.......,.. 192C 92

ore Y-SO, 122 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ t ~ ~ ~ ~ ~ ~ t ~ ~ ~C

ore V 50' 170 cm ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a i ~ ~ ~ ~ ~ t ~ ~ i e ~ ~ ~ 194C

ore V-41, 020 cm ................. ~ ..................... 195C

ore V-42, 008 cm ....................,.................. 196C

ore V 42' 023 cm t ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ e o ~ ~ ~ ~ ~ ~ 197C

Core V-42, 050 cm ~ ~ ~ el ~ 0 ~ ~ a ~ ~ ~ ~ t40 ~ t ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ tl ~ ~ ~ ~ ~ 1 1

Core V-42, 090 cm ....................................... 199

Cot e V 42' 135 cm ~ ~ o ~ ~ t ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ i ~ ~ t ~ ~ ~ ~ ~ ~ i ~ ~ i o ~ ~ ~ ~ ~ 2 �200

Cot e V 42' 170 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i a ~ ~ e ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ I 201

ore V-42, 200 cm ................................ ~ ...... 202C

Core Y-42, <60 cm ................. 0 ' ~4Z, 260 .... 203

1X 231



E. Borrow Area B-III

Core V-44, 380 cm ..............,...... ~ ................. 211

Core V-49, 060 cm ........................... ~ ........... 212

Core Y-49, 090 cm ..... ~ .. ~ ...... ~ .............. ~ ........ 213

Core Y-49, 130 cm ..................,.............. ~ ..... 214

Core V-49, 170 cm ....................................,.. 215

Core V-49, 230 cm ....................................... 216

Core V-49, 315 cm ........................,.............. 217

Core V-49, 370 cm ...........,........................... 218

ore V-49, 430 cm ..................... ~ ........,........ 219C

Core V-45, 013 cm ... ~ .............................,..... 220

Car'e V 45 ~ 031 cm ~ ~ ~ ~ ~ r ~ ~ r ~ r ~ i ~ ~ ~ ~ ~ r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t r ~ ~ 22 1

C are V-45, 057 cm ...... ~ ......... ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ rr ~ ~ 222

Core Y-45, 097 cm .. ~ .........................,.......... 223

Core Y-45- ~ 137 cm r ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ r ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ s 224

C ore Y-45 112 cm ........,...

C or e Y 45 ~ 207 Clll ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ r ~ ~ r ~ ~ ~ ~ o e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 226

ore Y-45, 242 cm ..........,............................ 227C

ore Y-45, 282 cm ................,...................... 228C

ore Y-45, 322 cm r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ r ~ ~ ~ ~ ~ ~ r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ ~ 229C

232

Core V-44, 020 cm

Core V-44, 070 crn

Core V-44, 130 cm

Core V-44, 170 cm

Core V-44, 210 cm

Core V-44, 265 cm

Core V-44, 340 cm

~ ~ ~ r ~ ~ ~ ~ ~ r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r 204

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ r ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ rr 205

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r 206

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I t i ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ ~ ~ 207

~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 2 08

~ ~ ~ ~ ~ ~ ~ ~ o o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 209

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ i ~ i ~ r ~ ~ 210



Core V-45, 357 cm ..................................... ~ ~ 230

ore V-45 407 cm ................... ~ ....... ~ ........... 231C

ore V-45 432 cm ....................................... 232C

ore V-48 017 cm ....................................... 233C

Core Y-48, 067 cm ... e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e 234

ore V-48 137 cm ..................... ~ ................. 235C 4 ~

Core Y-48, 187 cm ~ ~ ~ ~ ~ 1t ~ ~ t ~ ~ ~ ~ ~ ~ 4 ~ ~ ~ ~ ~ ~ 4 ~ ~ t t ~ ~ ~ ~ ~ t ~ ~ ~ I I 36

ore Y-48 222 cm ....................................... 237C

ore V-48 277 cm ............................... ~ ....... 238C

Core V-48 332 cm ....................................... 239

ore V-48' 357 cm ~ ~ ~ st ~ ~ ~ e ~ ~ e ~ ~ tt ~ ~ e ~ ~ at ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ e 240C

ore V-46 017 cm ....................................... 241C

Core V-46, 040 cm ....................................... 42

ore y-46 092 cm ..C 4

ore V-46, 125 cm I 0 ~ 1 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ II ~ 1 ~ ~ I ~ ~ ~ ~ ~ 0 244C

ore V-46, 165 cm ..................... ~ ~ ................ 245C

Core V-46 195 cm ...

Core V-467 230 cm ... ~ .. .. ~ ....... ~ ~ .....,, ~ ~ ..., ~ ..... ~ 24

ore V-46, 290 cm ....................................... 248C

or'e V-46 350 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ t ~ ~ i ~ ~ ~ i ~ ~ eo ~ ~ ~ ~ ~ t ~ o 249C

Core V-46, 410 cm ....................................... 250

E. Borrow Area B-II

Core V-36, 035 cm .................. ~ ~ .................,. 251

Core V-36, 115 cm ......................... ~ ............. 252

Col e Y 3by 140 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t s ~ ~ ~ i ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ t ~ ~ ~6, 140 . 253

Core V-32, 007 cm ...... ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ F54

Core V-32, 040 cm ............,....,,...,.....,,...,,,... 255

X1 233



ore Y-32 075 cm ... r ~ s ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 256C

ore Y-32, 120 cm ....................................... 257C

ore V-32, 170 cm ................................... ~ ... 258C

ore Y-32, 220 cm ....,.......................,.......... 259C

ore V-32, 265 cm ...........,..........,................ 260C

ore V-32, 310 cm ....................................... 261C

ore V-32, 370 cm ....................... ~ . ~ ............. 262C

ore V-1? 020 cm ~ ~ ~ ~ ~ e ~ ~ ~ t ~ ~ t ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ +. ~C

ore V-17 065 cm ................ ~ ...................... 264C t

ore V- 17, 098 cm ~ ............................ ~ ......... 265C

ore V-17, 130 cm ....,...... ~ ........................... 266C

ore V 17 t 170 cm e ~ ~ ~ ~ ~ e ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 267C

Core V-l?, 228 cm ..........................,............ 268

ore V-17, 280 cm ........... ~ ................,.......... 269C

Core V-17, 298 cm ....................................... 270

ore V-17 330 cm .............. ~ .... ~ ................... 27 1C

ore V-17 395 cm .... ~ ......... ~ ......... ~ .............. 272C

Core V-17, 505 cm .... ~ .................................. 273

ore V-18, 030 cm .................. ~ ................ ~ ... 274C

ore V-18 070 cm ........................ ~ ..............C t

ore V-18, 110 cm ....... ~ ............................... 276C

Core V-18 ' 153 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 277t

ore V-18, 173 cm ......................, ~ ............... 278C

ore V-18, 192 cm ...................................... ~ 279C

ore Y-18 223 cm ........................... ~ ........... 280C t

Core V-18 263 cm ....................................... 281

ore V-18 300 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ 4 ~ ~ 4 ~ ~ 4t ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ e 282C t
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ore V-18 340 cm ....................................... 283C

ore V-18, 400 cm ..........................,............ 284C

ore Y-18, 438 cm ....................................... 285C

ore Y-18 475 cm ....................................... 286C

ore V-35 020 cm .................................,..... 287C

ore Y-35, 060 cm ~ ............................ ~ ......... 288C

ore Y-35 105 cm ii0 ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ tt ~ 0t ~ ~ ~ i ~ 1t ~ ~ ~ ~ ~ ~ 4 ~ 289C

ore Y 35 1 35 cm ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ i ~ ~ i o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 290C

ore V-35 170 cm t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ 1t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~C t

ore Y-35 200 cm .. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ o ~ ~ ~ i ~ ~ ~ o ~ ~ e ~ a ~ ~ ~ 292C

ore Y-35 208 cm ~ ................... ~ .............--. ~ . 293C

ore V-35 235 cm ...... ~ . ~ ........................... ~ .. 294C

Core V-35, 255 cm .............. ~ ........................ 95

ore V-35 310 cm ....................................... 296C

ore V 35 400 cm ~ ~ e ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 297C

ore V-35, 475 cm ............. ~ .....,................... 298C

ore V-33 045 cm ................................. ~ ..... 299C

Core Y-33, 075 cm I ~ t ~ ~ 4 ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ 1 ~ ~ 1 ~ ~ ~ ~ ~ ~ ~ 3

ore V-33, 130 cm ....................................... 301C

ore V-33 180 cm ...............................,,...... 302C

ore V-33, 220 cm ........,....... ~ ~ ..................... 303C

ore V-33, 255 cm ~ ...... ~ ............................... 304C

Core V-33, 310 cm ....................................... 305

ore V-33, 360 cm ..............,....................,... 306C

Core V-33, 400 cm . ~ ............,,,...................... 307

ore 8-45, 000 cm .....................................,. 308C

ore 8 45 039 cm ~ ~ ~ tt ~ ~ ~ ~ i ~ ~ te ~ ~ t ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ 309C

X11 1
235



Core V-34, 045 cm .......... a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ 320

Core V-34, 075 cm ....................................... 321

Core V-34, 130 cm ....................................... 322

Core Y-34, 170 cm ....................................... 323

Core V-34, 220 cm .....................,......,...,..... ~ 324

Core V-34, 280 cm ...........,. ~ ...................,..... 325

Core V-34, 350 cm ....................................... 326

Core V-34, 390 cm .... ~ ........... ~ ...............,...... 327

Core Y-34, 430 cm ....................................... 328

ore V-21, 030 cm ...........................,........... 329C

ore V-21, 059 cm ......................... « ............ 330C

ore V-21, 080 cm ....................................... 331C

ore V-21, 120 cm ....................................... 332C

ore V-21 170 cm ....................................... 333C 7

ore V-21, 220 cm ...................... ~ ................ 334C

G. Borrow Area B-I

ore B-55, 000 cm ....................................... 335C

ore 8-55 074 cm .......................,............... 336C

X1V
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Core B-45, 087 cm

Core B-45, 131 cm

Core B-45, 195 cm

Core B-45, 298 cm

Core B-45, 298 cm

Core B-45, 328 cm

Care 8-45, 490 cm

Core B-45, 490 cm

Core S-45, 587 cm

Core V-34, 015 cm

~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 3 10

~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I 311

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ a ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ 31 2

1 ~ e o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ o ~ 313

2 ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 314

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ 4 ~ ~ i! j5

1 ~ ~ ~ ~ ~ ~ ~ ~ o ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ! 16

2 ~ ~ i ~ ~ ~ ~ ~ ~ e ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ 317

~ ~ a ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 3 18

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 319



ore 8-55 100 cm ........ ~ .............................. 337C

Core 8-55, 280 cm g1 .................................... 338

Core 8-55, 280 cm g2 .................................... 339

~ ~ ~ ~ ~ a ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o 340Core 8-55, 339 cm .........

437 cm

461 cm

ore 8-55 504 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ o ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o 343C 7

ore 8-55 574 cm ....................................... 344C

ore 8-54 000 cm ......... ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ e ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ e ~ i ~ s 345C

ore 8-54 160 cm ................................... ~ ~ .. 346C

ore 8-54 280 cm .............. ~ o ~ s ~ ~ ~ ~ ~ ~ 347C

ore 8-54 302 cm ....... ~ ........,...... ~ ... ~ ~ .......... 348C 41

ore 8-54 326 cm ~ ~ ..................................... 349C 4 I

337Core 8-54, cm

ore B-54 410 cm .......................... ~ ............ 351C

ore 8-54 442 cm ....................................... 352C 4%

Core 8-54, 470 cm ....................................... 35

ore 8-54 575 cm ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ st ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ to ~ ~ so 354C

ore 8-53 000 cm ...,...... ~ ............................ 355C

Core 8-53, 109 cm

Core 8-53, 109 cm g2 ............,....................... 357

ore 8-53, 187 cm ....................................... 358C

Core 8-53, 220 cm 0 ~ ~ ~ t ~ ~ tt ~ ~ ~ tt ~ ~ ~ ~ ~ ~ t ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ Io ~

ore 8-53, 250 cm .. ~ ...........,,,....,,,,...,........,. 360C

ore 8-53, 400 cm ....................................... 361C

Core Y-20, 010 cm ....................................... 36

Core V-20, 050 cm ........... I ~ ~ e ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ e 363

Col e V 20 ~ 075 cm ~ ~ ~ ~ ~ ~ i ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ it ~ ~ ~ o ~ ~ ~ ~ ~ i j ~20, 075 ... 364

237XV

Core 8-55,

Core 8-55,

~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i 341

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ 4 ~ ~ ~ 342

~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ 350

1 i ~ et ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 356~ ~



ore V-20, 100 cm ....................................... 365C

ore V-20 130 cm .. ~ .................................... 366C

Core V-20, 210 cm ....................................... 3o7

Core 8-56, 000 cm kl I ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ 4 ~ ~ ~ ~

Core B-56, 000 cm g2 .................................... 369

ore B-56 086 cm ... s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I 370C

ore B-56 133 cm .................,..................... 37 1C l

ore B-56, 274 cm ....................................... 372C

ore B-56 395 cm ....................................... 373C 7

Core B-56, 484 cm gl ...................,................ 374

Core B-56, 484 cm g2 .........................,.......... 375

Core B-56, 484 cm g3 .........,.......................... 376

Core B-56, 575 cm gl ............................,,...... 377

ore B-56 575 cm g2 .................................... 378C

II. San Pedro Bay, Los Angeles and Orange Counties

A. Outside Borrow Area A-III

Core A-14, 000 cm .................,..................... 379

ore A-14 063 cm .......................,............... 380C 4l

Core A-14, 124 cm gl .................................... 381

Core A-14, 124 cm g2 .................................... 382

Core A-14, 184 cm gl .................................... 383

ore A-14 184 cm g2 ...,..............................,. 384C 48

Core A-14, 268 cm gl ................,,.................. 385

Core A-14 268 cm g2 .................................... 386

Core Y-08, 002 cm ....................................... 387

Core V-08, 025 cm ....................................... 388

Core Y-08, 075 cm ..........,..... ~ ..... ~ ....,........... 8

XV1
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ore Y-08, 125 cm ....................................... 390C

ore V-08 172 cm ....................................... 391C

ore Y 14 ~ 010 cm r ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ t ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 392C

ore V-14, 060 cm ...,................................... 393C

Col e V 14 120 cm ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ ~ s ~ ~ ~ ti ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ 3944 ~

ore Y-14, 195 cm ....................................... 395C

ore V-14 295 cm ....................................... 396C

Core Y-14 346 cm ...................-...........-....... 397

ore Y-14 355 cm ............................... ~ ....... 398C

ore Y 14 365 cm e ~ e ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ i ~ ~ t i ~ ~ ~ ~ ~ ~C

ore V-14, 403 cm ..................... ~ ................. 400C

ore V-14, 415 cm .................... ~ .............. ~ ... 401C

Core Y-14, 445 cm ..........................,,...,...,. ~ . 4

Core V-13, 008 cm s ~ ~ ~ ~ ~ ~ ~ iI ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ oo ~ ~ e 403

ore V-13, 055 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ 4 ~ ~ ~ ~ ~ ~ 4 ~ ~ ~ ~ ~ ~ ~ ~ 92 404C

Core Y-13, i55 cm ..........................,,...,...,... 40

Core V-13, 190 cm ....................................... 0

Core Y-13, 225 cm ....................................... 40any

ore Y-13, 270 cm ....................................... 408C

Core V-13, 300 cm t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ e ~ r 094no

ore V-13, 325 cm ....................................... 4 10C

Core A-19, 020 cm .............................,,,...,...9, 020 ..... 411

Core A-19, 051 cm ~ ~ ............,.....,,..... ~ ~ .......... 4'i 2

Core A-19, u81 cm .......................................

Core A-19, 173 cm .......................................9, i73 ..... 414

Core A-lv, Lva cm .......................................9, i83 ... 415

Core A-19, Zii cm9, Zii ..... 416
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ore A-19, 229 cm .............................,......... 417C

ore A-19, 302 cm .......... ~..............,.........., .. 418C

ore A-19, 391 cm ..............,........................ 419C

ore A-19, 399 cm ........ ~ .................... ~ ......... 420C

ore A-19, 450 cm ....................................... 421C

ore A-19, 533 cm ................. � .................... 422C

ore A-19, 589 cm ........ ~ .............................. 423C

ore V-ll 015 cm ....................................... 424C l

ore V-ll, 038 cm ........................,, ~ ............ 425C

ore V-ll 070 cm ............................,...,...... 426C I

ore V-11,-115 cm ...,....................... ~ ........... 427C

are V-ll, 170 cm ....................................... 428C

ore A-24, 030 cm ......,................................ 429C

ore A-24 061 cm .........,...,......................... 430C 47

Core A-24, 122 cm .......................,,...,......,... 431

ore A-24 140 cm ......,................................ 432C

ore A-24, 152 cm ........ ~ ........,,.................... 433C

ore Y-07, 023 cm ....................................... 434C

ore V-07, 060 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ I 435C

ore Y-0? 090 cm ....................................... 436C

Core Y 07~ 125 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ 437

ore Y-07, 148 cm .............,......................... 438C

ore V-07, 178 cm .................................... ~ .- 439C

0 re V 07 223 cm ~ ~ ~ e ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ 440C

ore V-07 270 cm ......... ~ ................. ~ ~ .......... 441C

ore Y-12, 033 cm ..... ~ ~ .......... ~ . ~ ........,.......... 442C

are Y-12, 095 cm,...................................... 443C

XV1 11240



Core V-12, 128 cm ............... ~................ ~ .. ~... 444

Core V-12, 220 cm ............................ ~ .......... 445

Core V-12, 245 cm ...................,................... 446

Core V-12, 270 cm ...,....... ~ ........................... 447

Core V-12, 290 cm ....,.. ~ ~ ...,................. ~ ........ 448

Core V-12, 325 cm ....................................... 449

Core A-41 025 cm ~ ~ ~ ~ ~ ~ ~ o ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ i ~ ~ 450

Core A-41, 086 cm ................ ~ ...................... 451

Core A-41, 109 cm .................,..................... 452

Core A-41 16868 cm e ~ ~ ~ ~ i ~ ~ i ~ ~ ~ t ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ i ~ 453

Core A-41, 234 cm ....................................... 454

Core A-41, 284 cm .. ~ ......,....,,....... ~ ...,.....,,.... 455

Core A-41, 411 cm ...,................................... 456

Core A-41, 439 cm ............................. ~ ... ~ ..... 457

Core A-27, 030 cm .......,........ ~ ~ ................... ~ . 458

Core A-27, 091 cm ....................................... 459

Cor~ A-2? 7y 183 cm e i ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ o ~ ~ e ~ i ~ ~ ~ r ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ s 460

Core A-27, 244 cm ................................. ~ ..... 461

Core A-Z7, 272 cm .................................,..... 462

Core A-27, 538 cm ....................................... 463

B. Within Borrow Area A-III

Core V-01, 030 cm ......................... ~ ~ ~ ........... 464

Core V-01, 155 cm .......................,............... 465

Core V-Ol, 215 cm ....................................... 466

Core V-01, 240 cm e ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 4 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 467

Core V-01, 290 cm .....................................,. 468

Core V-01, 330 cm ................ ~ ...................... 469

X1X
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Core V-09, 100 cm ~ ............... ~ ........... ~ .......... 479

Core V-09, 155 cm ................,...................... 480

Core V-09, 200 cm t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 481

Core Y-09, 245 cm ............., ~ .....,.................. 482

Core Y-09, 285 cm ....,.................................. 483

Core V-09, 294 cm ..........,........... ~ ................ 484

Core V-09, 325 cm ..........,........,,......,,.....,.... 485

Core Y-09, 485 cm ....................................... 486

Core A-18, 000 cm .........,............ ~ ................ 487

Core A-18, 061 cm ....................................... 488

Core A-18, 123 cm ....................................... 489

ore A-18, 155 cm I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ea ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ 490C

Core A-18, 216 cm ... ~ .... ~ .............................. 491

Core A-18, 324 cm .....,.....,........................... 492

Core A-18, 340 cm ............,................ ~ ......... 493

Core A-18, 387 cm ............. ~ .................,....... 494

Core V-19, 013 cm ...........,..... ~ ................,.... 495

Core V-19, 060 cm ....................................... 496

242 XX

Core V-01, 370 cm

Core A-40, 030 cm

Core A-40, 122 cm

Core A-40, 183 cm

Core A-40, 246 cm

Core A-40, 276 cm

Core Y-40, 307 cm

Core V-40, 307 cm

Core V-09, 010 cm

~ ~ i ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ t o ~ ~ o ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 470

~ ~ ~ i ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 47 1

~ o ~ ~ ~ ~ ~ ~ i ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ 472

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o s ~ ~ ~ ~ ~ ~ ~ s ~ 473

~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ i i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ 474

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ 475

1 e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ i 476¹

2 ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ o ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ 477

~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ II ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t 478



ore V-19 083 cm ........-.............................. 497C t

ore V-19 103 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ss ~ ~ ~ io ~ ~ e 498C

ore Y-02 005 cm .... ~ ~ . ~ ............................... 499C

ore V-02 025 cm ...............,....................... 500C

ore V-OZ 065 cm ................................. ~ ..... 501C

ore V-OZ, 100 cm .............. ~ .................. ~ ..... 502C

ore V-02 135 cm .................................. ~ ~ ... 503C

ore V-03 003 cm ....... ~ ~ ~ ~ ~ 0 ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ 1 ~ ' ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 504C

ore V-03 055 cm I ~ ~ ~ ~ ~ I ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ ' ~ ~ ~ ~ ' ~ ' ~ ~ ~ ~ ~ ~C

ore V-03 130 cm ....................................... 506C

ore V-03 155 cm ....................................,.. 507C 7

Core V-03, 180 cm ....................................... 508

ore V-03 205 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ . ~ ~ ~ .. 509C

ore V-03 230 cm ......................... ~ . ~ ........... 510C 7

are V-03, 315 cm ....................................... 511C

Core V-03, 406 cm ............... ~ ...... ~ ................ 512

Care V-10 005 cm

ore V-10 085 cm ....................................... 514C

are V 10' 100 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ t ~ ~ ~ ~ ~ ~ i 515C

Core V-10, i.25 cm ....................................... 51

are V-10, 173 cm ....................................... 517C

ore V-10, 205 cm ....................................... 518C

ore V-10, 228 cm .............................,,........ 519C

Core V-10, Z45 cm ..... r.520

ore V-10, 260 cm ....................................... 521C

Core Y-10, 315 cm ...........................,........... 52

Core V-lu, 365 cm .. ~ ~ ~ at ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I ~ 1 ~ ~0, 365 .... 523

ore Y-10, 415 cm ......................... ~ ............. 524C
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C. Outside Borrow Area A-II

Core V-04, 020

Core V-04, 048 cm .......... ~ ..................... ~ ...... 534

Core V-Q4, 075

Ore V 04~ 125 Cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ 536C

Core V-04, 155 cm ........................,.......,...... 537

Core A-17, 000 cm ....................,.......,.......... 538

Core A-17, 072 cm ....................................... 539

Core A-17, 086 cm ..................,............. ~ ...... 540

Core A-17, 191 cm gl ...............,.................... 541

Core A-17, 191 cm g2 .................................... 542

Core A-17, 257 cm ...........,,....,,.................,.. 543

ore A-17, 345 cm ...,...................... ~ ............ 544C

ore A-17, 417 cm sss ~ ~ ~ ssss ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ 545C

ore A-17, 448 cm ....................................... 546C

ore A-29, 030 cm .........,..... ~ ............... ~ ....... 547C

ore A-29, 122 cm ....................................... 548C

ore A-29, 152 cm ....................................... 549C

ore A-29, 182 cm ...........,... ~ ~ ~ .........,.......... ~ 550C

Xxl 1
244

Core V-10, 483

Core V-10, 558

Core V-10, 655

Core A-23, 122

Core A-23, 213

Core A-23, 269

Core A-23, 300

Core A-23, 455

cm ~ ~ ~ ~ ~ ~ ~ s ~ s s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s 525

Cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 526

cm ss ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ ~ s 52'

Cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s s 528

CIIl ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ s. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 529

Cm ~ s ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ 530

cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 531

c Ill ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 532

cm s ~ s ~ ~ ~ s ~ ss ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ...s.. 533

Cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ S ~ ~ ~ ~ ~ ~ S ~ ~ ~ ~ ~ ~ s ~ ~ ~ S ~ 535



ore A-29 300 cm .......... ~ . ~ .......................... 551C

ore A-29, 361 cm .......... ~ ............................ 552C

ore A-29, 427 cm ....................................... 553C

ore V-16 010 cm ............ ~ .......................... 554C � ~

ore V-16 030 cm ........................ ~ .............. 555C

ore V-16 050 cm .. ea ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 556C

ore A-2Z, 000 cm . ~ ....................,................ 557C

ore A-22, 063 cm .............................. ~ ........ 558C

ore A-22 124 cm .........................,.......,.. ~ .. 559C

ore A-ZZ, 195 cm ....................................... 560C

ore A-21 030 cm ............ ~ ..................... ~ .... 561C

ore A-21 122 cm .............................,......... 562C t

ore A-21 183 cm .............,.............. ~ .......... 563C

ore A-21 277 cm ....................................... 564C

ore A-21 307 cm ....................................... 565C

ore A-21 368 cm ...................................., ~ . 566C

ore A-21, 429 cm et ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ t ~ ~ ~ e ~ ~ ~C

ore A-21 485 cm ........................... ~ ........... 568C

ore A-26, 030 cm . ~ ............ ~ ..... ~ .....,......,..... 569C

ore A-Z6, 091 cm .................... ~ .................. 570C

Core A-26, 152 cm ......................,................ 5 1

Core A-26, 208 cm ..........,..............,....,...,.... 5

D. Within Borrow Area A-II

Core A-38, 030 cm t ~ ~ ~ r ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~8, 030 ... 573

Core A-38, 091 cm .........................,...........,. 574

Core A-38, 122 cm ........,............................,. 575

Core A-38, 152 cm .....................,................. 576

XX111
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Core Y-15, 670 cm ...............................,....... 588

Core Y-05, 005 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 4 ~ ~ as, ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 589

Core Y-05, 055 cm .................. ~ ........... ~ ........ 590

ore V-05, 095 cm ....................................... 591C

Core V-05, 190 cm ........................,.............. 592

Core V-05, 260 cm ............................. ~ ......... 593

Core V-22, 006 cm ................. ~ .......... ~ .......... 594

Core Y-22, 030 cm ................................ ~ ...... 595

Core V-22, 090 cm ....,.................................. 596

Core V 22 ~ 1 50 cm I ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o i ~ ~ ~ ~ ~ 597

Core V-22, 210 cm ......,...............,............. ~ .. 598

Core V-22, 270 cm ......,.... ~ .............., ~ ~ ...,...... 599

Core V-22, 330 cm .......,....,...............,...,,..... 600

Core V-22, 370 cm ....................................... 601

Core V-28, 015 cm ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . 602

ore Y-28, 040 cm ......... » .......................,,... 603C
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Core A-38, 213 cm

Core A-38, 300 cm

Core A-38, 421 cm

Core A-38, 553 cm

Core A-38, 577 cm

Core V-
, 010 cm

Core V-
, 060 cm

Cor e V-
, 115 cm

Core Y-15, 290 cm

Core Y-
, 375 cm

Core V-
, 650 cm

~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e 577

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ ~ i ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 578

~ ~ ~ ~ ~ ~ ~ ~ ~ 0 4 ~ ~ t ~ 1 4 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 579

~ ~ ~ It t ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ r 580

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t t ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 581

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o i ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 582

~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 583

~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ o 584

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 ~ ~ ~ ~ ~ ~ 44 ~ ~ ~ ~ ~ ~ 4 ~ ~ 04 ~ 585

i ~ ~ ~ ~ s ~ ~ t ~ ~ ~ ~ t ~ ~ ~ t ~ ~ t I ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ 586

~ e ~ t ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ o o ~ a ~ 587



ore V-28 075 cm .......... ~ .......................,.... 604C

ore V-28 110 cm ....................................... 605C

ore V-28 180 cm ....................................... 606C

ore V-28 240 cm r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r 607C

ore Y-28, 290 cm ....................................... 608C

ore V-28, 380 cm .......................... ~ ............ 609C

ore V-28, 510 cm .......... ~ ......... ~ .................. 610C

ore Y-06 031 cm .............,......................... 611C

ore Y-06 070 cm ~ ...................................... 612C

ore V 06' 102 cm r ~ ~ r ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ r ~ ~ ~ ~ ~ ~ r ~ ~ ~ r ~ ~ ~ ~ ~ ~ r ~ ~ ~ ~ 613C

ore V-06, 118 cm ....................................... 614C

ore Y-06 160 cm ....................................... 615C

Cof e Y 06' 200 cm r ~ r ~ r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ r ~ ~ ~ r ~ ~ ~ ~ ~ ~ ~ r ~ ~ r ~ ~ 616

ore Y-06 241 cm ~ r ~ ~ ~ r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ ~ ~ ~ ~ r ~ ~ r ~ ~ 617C

ore V-23, 008 cm ......,................................ 618C

ore V-23, 055 cm ....................................... 619C

ore V-23, 095 cm ......... ~ .....................,....... 620C

ore V-23 140 cm ...........,........................... 621C

ore V-23 200 cm ....................................... 622C

ore V-23 270 cm ....................................... 623C 7

ore Y-23, 330 cm . ~ ..................................... 624C

ore V-23, 375 cm ....................................... 625C

Core Y-23, 420 cm ...,.....,.............,,,...,..., 26626

Core Y-23' 490 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ ~

Core Y-23, 530 cm .... ~ ..................................

Core Y-27, 060 cm ~ ~ r ~ r ~ ~ ~ r ~ ~ ~ rr ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~27, 060 ... 629

Core V-zs, 140 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ rr ~ r ~ ~ ~ ~
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ore V-27, 180 cm ................................,...... 631C

ore V-27, 220 cm ......................................, 632C

ore V-27, 249 cm ................,.............,........ 633C

ore V-24, 022 cm ....................................,., 634C

ore V-24, 065 cm ............,...,...................... 635C

Core V-24, 121 cm ....................................... 636

ore Y-Z4 155 cm ........... ~ ........................... 637C 4 5

ore Y-24 260 cm ............................. � ........ 638C � 4 >

ore V-24, 340 cm ....................................... 639C

ore V 24' 420 cm ~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 640C

ore A-10, 000 cm ....................... ~ ~ ............,. 641C

ore A-10 032 cm .........,........... ~ ................. 642C

Core A-10, 123 cm gl ....................,...........,... 643

Core A-10, 123 cm g2 .............................,...... 644

ore A-10 182 cm gl ..........,......................... 645C 7

Core A-10, 182 cm g2 . ~ ..........,....................... 646

ore V-25 020 cm ... ~ .. ~ ................................ 647C

ore V-25 085 cm ............,.......................... 648C 7

Core V-25 150 cm 0 ~ r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0+ 649

ore V-25 200 cm ....... ~ ............................... 650C

ore Y-25 240 cm .............,,...... ~ .. ~ ....... ~ ...... 651C

ore V-25 285 cm ....................................... 652C 1

ore Y-25 325 cm .... ~ .. ~ ............................... 653C

ore Y-25, 365 cm ...............,............. ~ ......... 654C

ore Y-25 420 cm . ~ . ~ ....................... ~ ........... 655C 1

ore V-25 465 cm ..., ~... ~ ~ .. ~ ~... ~ . ~.... ~ ~ ~ . ~ . ~ .. ~,, ~, 656C

Core V-25} 510 cm t ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ i ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e 65
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ore A-12 036 cm ........ ~ ......... ~ ~ ................... 658C 7

ore A-12, 112 cm .......................... ~ ............ 659C

ore A-12 152 cm ....................................... 660C

ore A-12 300 cm ......... ~ ...............,...,...,...,. 661C

ore A-12 351 cm ....................................... 662C

ore A-12 599 cm ......... ~ ............................. 663C

ore V-30 010 cm ................ ~ ...........,,,......,, 664C 7

ore V-30, 040 cm ............................. ~ ......... 665C

ore V-30, 070 cm ....................................... 666C

ore V-30, 195 cm ............. ~ ........ ~ ................ 667C

E. Outside Borrow Areas A-IV & A-V

ore V-26 015 cm 0 ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 4 ~ 4t ~ ~ a ~ ~ ~ ~ t ~ ~ t 668C

ore V-26, 085 cIII . ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 92 669C

ore V-26 170 cm ...................................,... 670C 7

ore V-26, 200 cm .......,.............. ~ ................ 671C

ore H-09 045 cm ....................................... 672C

ore H-09 077 cm ....................................... 673C

ore H-09 105 cm ........................... ~ ~ ~ ~ ~ ~ ~ - ~ ~ - ~ 674C 92

ore H-09 155 cm .......... ~ ~ ........................... 675C

Core H-09, 246 cm ....................................... 677

ore H-06 000 cm ....................................... 678C l

Core H-06, 050 cm t ~ ~ ~ ~ ~ ~ to ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ 679

Core H-06, 075 cm ............................... ~ ..... ~ .

ore H-06, 100 cm ....................................... 681C

6A 'Core H-06, 140 cm ....................................,., 82

683COI e H 06~ 210 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ o ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

Core H-vv, 005 cm 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ tt ~ ak ~ ~08, 005 684

Core H-09, 215 C ITI ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ 4 ~ ~ ~ ~ ~ ~ t i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 ~ ~ ~ ~ 6 7 6
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F. Within Bor row Area A-IV

Core V-29,

Core V-29,

Core V-29, 110 cm ................. ~ ....... ~ ....... ~ ..... 700

Core H-05, 060 cm ...... ~ ............,................... 701

Core H-05,

COI e H 05' 100 Cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ e ~ ~ ~ 703

Core H-05,

G. Within Borrow Area A-V

ore H-07, 020 cm e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ e 705C

ore H-07, 060 cm ........... ~ ........................... 706C

Core H-07, 075 cm ...............................,. ~ ... ~ . 707

ore H-07, 095 cm ...........,........................... 708C

ore H-07, 130 cm ....................................... 709C

ore H-07, 145 cm e ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~C

ore X-07 185 cm .................................-....- 711C
2SO
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Core H-08,

Core H-08,

Core H-08,

Cole H-03,

Core H-03,

Core H-03,

Core H-03,

Core H-03,

Core A-13,

Core A-13,

Core A-13,

Care A-13,

Core A-13,

5 0 C III ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ e e ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ 68 50

00 CN ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ e e ~ ~ ~ ~ ~ 6861

60 CN ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ e e ~ ~ ~ e ~ 6871

00 CIII ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ e ~ ~ ~ e ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ 6880

50 cm ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ e ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 6890

00 cm .................,........., ~ .......... 6901

50 CITI ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e e ~ ~ e ~ ~ ~ ~ e ~ e ~ ~ ~ ~ e 69 11

78 Cm ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e e ~ ~ e e ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ e ~ ~ 6921

30 cm ...,.................................. ~ 6930

17 CN ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ee e ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ e e ~ e ~ ~ 6941

22 Cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ e ~ ~ ~ e ~ ~ ~ e ~ ~ e ~ ~ ~ ~ ~ ~ 6951

83 cm ....................... ~ ....... ~ ....... 6961

97 cm ........ ~ .......,...............,...... 6972

30 cm .................................. ~ .... 6980

89 CIII ~ ~ e ~ ee ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ee ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e 6990

75 Cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e 7020

20 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e 7041



H. Within Borrow Area A-I

Core A-05, 000 cm gl .................................... 712

Core A-05, 000 cm 42 .......................,............ 713

ore A-05 000 cm g3 ..........,.....,,.................. 714C

Core A-05, 000 cm g4 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 4 715

Core A-05, 126 cm gl .................................... 716

Core A-u5, i26 cm jj? ...................... ~ ............. 71

Core A-05, 126 cm g3 .................................... 718

Core A-05, 126 cm rer4 .................................... 719

ore A-05, 271 cm 41 .........................,.......... 720C

Core A-05, 271 cm p2 ....................................p 721

Core A-05, 271 cm g3 ~ ................................... 722

Col'e A 05' 271 cm g4 ~ ~ ~ ~ ~ o ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ 23

Core A-05, 305 cm gl .................................... 2724

Core A-05, 305 cm g2 .................................... 72725

ore A-05, 305 cm g3 .................................... 726C

Core A-05, 305 cm g4 .............,....,................. 727

Core A-u~, so5 cm fi

Core A-05, 365 cm IIr2 .................................... ?9720

Core A-05, 365 cm 43 .................................... 730

Cof'e A 05@ 365 cm Ia 4 ~ ~ ~ r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 731

Core A-u~, AD?2 cm gl e ~ i ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

Core A-05, 422 cm g3 ....................,............... 733

Core A-uo, ~~~ cm i4 ................................--..

Care A-05, 490 cm gi o ~ ~ ~ ~ ~ ~ sa ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~i ... 735

Care A-05, 490 cm g2 te ~ t ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ee ~ t ~ ~ ~ 736

Core A-05, 490 cm g3 .................................... 7737
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Core A 05' 490 cm g4 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 738

Core H-02, 000 cm ....................................... 739

Core H-02, 050 cm ... ~ .........................,......... 740

Core H-02, 100 cm ....................................... 741

Core H 02 ~ 1 50 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 742

Core H-02, 200 cm ........,.............................. 743

Core H-01, 015 cm ................... ~ ................... 744

Core H-01, 110 cm I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 745

Core H-Ol, 145 cm t ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ 746

Core A-ll, 000 cm gl .......................,............ 747

Core A-ll, 000 cm g2 .................................... 748

Core A-ll, 000 cm g3 ....................,............... 749

Core A-ll, 094 cm gl ...........,...,.................... 750

Core A-ll, 094 cm g2 .................................... 751

Core A-ll, 200 cm ....................................... 752

ore A-ll, 307 cm .....,...,,,........................... 753C

Core A-ll, 393 cm ....................................... 754

ore A-ll, 430 cm ... ~ ...,...,,...,,..................... 755C

ore A-ll, 491 cm ....................,............ ~ ..... 756C

Core A-ll, 594 cm ....................................,.. 757

III. Dana Point Area, Orange County

ore D-02, 000 cm ...................................... ~ 758C

ore 0-02, 035 cm ........................,............,. 759C

ore D-02, 054 cm ............... ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ 760C

ore D-02, 068 cm ....................................... 761C

ore D-02, 080 cm ....................................... 762C

ore D-03, 000 cm ...... ~ ,...,,.....,.....,.............. 763C

ore D-03, 060 cm ....................................... 764C
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00 cm .......... rr ~ ~ ~ ~ ............ 7651

50 cm e ~ s ~ ~ s ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~1

00 cm .. e ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~2

50 cm ............. r ~ ~ ~ s ~ r...... 7682

50 Cm e ~ ~ ~ r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ a ~ ~ a ~ ~3

20 cm ....................................... 7704

00 cm ~ s ~ ~ ~ ~ ~ a r ~ ~ ~ r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ r ~ ~ ~ ~ ~ ~ s ~ r 7710

50 CN ~ ~ ~ ~ e ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ s ~ ~ a ~ ~ a e ~ r 7721

00 cm ....................... ~ ............... 7732

20 Cm e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ ~ ~ r ~ ~ ~ ~ ~ ~ e ~ ~ 7750

60 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~0

00 Cm e ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ r ~ ~ as ~ ~ ~ ~ s 7770

47 cm .............. ~ ........................ 7780

75 cm e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ a ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~0

00 Cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ ~ ~ ~ a ~ ~ 7801

70 CN ~ e ~ ~ ~ ~ ~ s ~ ~ ~ r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ ~ ~ ~ ~ ~ ~ 7811

00 CN ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ 7822

50 Cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ ~ ~ ~ ~ r ~ ~ r ~ ~ ~ s ~ r 7832

00 Cm ~ e ~ ~ ~ r s ~ ~ r ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 7843

50 Cm r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~3

50 Cm ~ ~ ~ ~ ~ ~ r ~ ~ ~ ~ ~ rs ~ ~ ar ~ ~ ~ ~ ar ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r 7870

00 Cm ~ ~ ~ ~ ~ r ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 7881

50 Cm ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 7891

00 Cm ~ ~ ~ ~ ~ ~ s e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ s ~ ~ ~ ~ ~ a r ~ ~ ~ ~ ~ ~ ~ ~ ~ 7902

40 Cm ~ s ~ r ~ ~ s e ~ ~ ~ a ~ ~ s ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ 7912

15 cm ~ ~ ~ ~ ~ ~ a ~ ~ ~ a ~ ~ ~ ~ ~ ~ . ~ ~ ~ r ~ ~ ~ a ~ ~ ~ ~ ~ e ~ ~ ~ . ~ ~ r 7920

Core

Core

Core

Core

Core

Gore

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

D-03,

D-03,

D-03,

0-03,

D-03,

D-03,

D-04,

D-04,

D-04,

0-04,

D-05,

D-05,

D-06,

D-06,

D-06,

D-06,

D-06,

D-06,

D-06,

D-D6,

D-06,

D-07,

D-07,

D-07,

D-07,

D-07,

D-07,

D-08,

235

001 cm

~ ~ ~ ~ ~ ~ ~ e ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ r ~ ~ ~ a ~ r ~ ~ r 774

~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ ~ ~ ~ r 786
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Core D-09, 355 cm

Core D-09, 375 cm .......... ~ .....,...................... 805

Core D-10, 000 cm ,...................................... 806

Core D 10' 020 cm ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 801

Core D-10, 050 cm ....«....., ~.......................... 808

Core D-10, 070 cm .........................,............. 809

Core D-10, 100 cm 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ tt ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 810

Core D-10, 131 cm ..............,...... ~ ......,.......... 811

IV. Oceanside Area, San Diego County

Core A100, 000 cm ..............,........................ 812

Core A100, 087 cm ....................................... 813

Core A100, 174 cm ....................................... 814

Core A100, 274 cm ....................................... 815

Core A100, 374 cm ....................................... 816

Cope 1656 ~ 000 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ i ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ 8 1 7

Core 1656, 083 cm ....................................... 818

Core 1656 y 1 56 clll i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ 81 9

XXX11
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Core D-08, 070 cm

Core D-08, 100 cm

Core D-08, 150 cm

Core D-08, 200 cm

Core D-08, 250 cm

Core D-O9, 000 cm

Core D-09, 050 cm

Core D-09, 100 cm

Core D-09, 150 cm

Core D-09, 250 cm

Core D-09, 300 cm

o ~ ~ ~ o ~ ~ e ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ 793

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ 794

~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 795

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ 796

~ ~ ~ oo ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 797

~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ o ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ 798

~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ a a ~ ~ ~ ~ o ~ e ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ 799

e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ et ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ tt ~ ~ 800

~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ 80 1

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ s ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 802

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ e 803

~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ i ~ ~ ~ o ~ 804



Core 1656, 220 cm ....................................... 820

Core 1675, 000 cm .................

Core 1675, 111 cm ....................................... 822

Core 1721, 000 cm ....................................... 823

Core 17Zl, 090 cm ................ ~ ............ ~ ......... 824

Core 1721, 170 cm ....................................... 825

Core 1852, 000 cm ....................................... 826

Core 1852, 100 cm ....................................... 827

Core 1884, DOO cm ....................................... 828

Core 1884, 070 cm .....................,.....,,.......... 829

Core 1884, 207 cm ....................................... 831

Core 1891, 000 cm ......... ~ ... ~ ......................... 832

Core 1891, 100 cm ..............

Core 1891, 200 cm ............................ ~ .......... 834

Core 1900, 000 cm ~ ...................................... 835

Core 1900, 120 cm ........ ~ .............................. 836

Core 1900, 240 cm ....................................... 837

ore 1970, 000 cm ........................,........ ~ ..... 838C

Core 1970, 040 cm ....................................... 839

Core 1979.6 000 cm ..................................... 840

Core 1979.6 080 cm ..................................... 841

Core 1979.6 167 cm .................. ~ . ~ ................ 842

Core 1979.6 197 cm ................................... ~ . 843

ore 1986, 000 cm ....................................... 844C

are 1986, 072 cm .........,,,........................... 845C

ore 2053, 000 cm ....................................... 846C

Core 2053, 120 cm ....................................... 847

Core 1884, 144 cm .

XXXI 1 1

821

~ ~ ~ o ~ ~ o ~ ~ o ~ ~ ~ e ~ 830

~ ~ ~ ~ ~ ~ st 833
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Core 2053, 226 cm ..................... ~ ......,.......... 848

Core 2120, 000 cm .....................,............. ~ ... 849

Core 2120, 070 cm ....................................... 850

Core 2120, 138 cm ....................................... 851

V. Oceanside � La Jolla Area, San Diego County

Core 1363, 000 cm .......,.....,......................... 852

Core 1363, 100 cm ........ ~ ...................,.......... 853

Core 1363, 200 cm .............,........... ~ .....,....... 854

Core 1369, 000 cm 0 ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 855

Core 1369, 074 cm I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ 0 856

Core 1369, 140 cm ...,............,..... ~ ............ « .. 857

Core 1410, 000 cm .......... ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 858

Core 1410, 038 cm ....,,.......... ~ ......,.....,....,.... 859

Core 1417.5 000 cm ..................................... 860

Core 1435, 000 cm ....................................... 861

VI. La Jolla Area, San Diego County

Core 1259.6 000 cm ..........................,.......... 862

Core 1259.6 090 cm ..............,...................... 863

Core 1267, 000 cm ................,.......... ~ ........... 864

Core 1267, 100 cm ....................... ~ ....,,......... 865

Core 1275, 000 cm .............. ~ ............... ~ ....,... 866

Core 1275, 042 cm ....... ~ .................... ~ .......... 867

Core 1275, 120 cm ......... ~ .............. ~ ......... ~ .... 868

YI1. Mission Beach Area, San Diego County

Core 945.5 000 cm ...,................................... 869

CO I e 945 e 5 048 cm ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ 870

Col'e 945 ~ 5 100 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ i ~ ~ a o ~ ~ e ~ ~ ~ ~ 87 1

XXX1 V
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ore 1049, 000 cm ....................................... 872C

ore 1049, 081 cm .................................- ~ ~ ~ ~ ~ 873C

ore 1060, 000 cm .................. ~ ............ ~ ....... 875C

Core 1060, 052 cm t ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ t ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

Diego

ore 106, 000 cm t ~ ~ tt ~ ~ ~ ~ ~ ~ ~ t ~ ~ t ~ ~ ~ t ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t 87?C

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ t 878

Core 118, 000 cm ................................... ~ ... 879

Core 118, 095 cm ....................................... 880

ore 139, 000 cm .......,.............................., 881C

Core 139, 108 cm .................................. ~ .... 882

ore 139, 210 cm ... ~ ................................... 883C

ore 139 312 cm ....................................... 884C 7

ore 149 000 cm ......................,.........,,,.... 885C

ore 149 025 cm ...... ~ ....... ~ ....... ~ ................ 886C 4

af e 149 090 cm ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ t t ~ t ~ ~ ~ ~ t ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t 887C 1

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 888

ore 153 000 cm t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ tt ~ ~ ~ t ~ tt ~ ~ ~ ~ ~ t ~ ~ tt ~ 889C

Core 153 045 cm tt ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ tt ~ ~ ~ t................... 890

~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ tt ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 891

ore 153, 130 cm ............... ~ ~ ...................... 892C

are 153 240 cm ....................................... 893C

are 153, 339 cm ........... ~ ........................... 894C

ore 257, 000 cm ...... ~ .............. ~ ................. 895C

Core 257 045 cm .............. ~ ................. ~ ...... 896

Core 25?, 096 cm ....................................... 89

Core 25? 168 cm .......................... ~ ............ 898

Core 1049,

VIII. San Diego 8ay, Sa

Core 106,

Core 149,

Core 153,

133

115

152

066

cm

cm

cm

cm

County

XXXV

tt ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t 874
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Core 290.5- 180 cm ..........,,........................... 909

258

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

262,

262,

262,

272,

272,

272,

272

290.5

290.5

290. 5

290. 5

290. 5

300,

300,

300,

300,

333

333

333.

333

398,

398,

398,

398,

398,

450,

450,

000 cm

078 cm

165 cm

000 cm

069 cm

122 cm

155 cm

000 cm

051 cm

109 cm

256 cm

278 cm

000 cm

120 cm

174 cm

210 cm

000 cm

120 cm

203 cm

326 cm

000 cm

029 cm

074 cm

110 cm

170 cm

000 cm

057 cm

~ ~ ~ ~ e ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 899

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 900

~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ e ~ ~ ~ 902

~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ 903

~ ~ ~ j ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 904

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ a e ~ ~ e ~ ~ ~ ~ ~ ~ e ~ ~ e e ~ ~ ~ ~ ~ ~ 905

~ ~ ~ ~ ~ ~ e ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e 906

~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 907

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ e ~ e ~ ~ 908

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ 910

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ s e ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ 912

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ e 913

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e e ~ ~ ~ 914

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ e ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ e 915

~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 916

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e 917

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ e ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ 918

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ 919

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e 920

0 J1
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ s ~ ~ e 2C.J

niio
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ s ~ ~ aa ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 2CC

~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e 923

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ as ~ ~ ~ e ~ ~ ~ e ~ ~ ~ ~ ~ ~ e 924

r
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ e ~ ease ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 7*4

~ e ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 926

XXXV1



081Core 450, cm

ore 450, 144 cm ............ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o 928C

ore 450, 180 cm .....,.......... ~ ~ .. ~ .................. 929C

ore 461, 000 cm ....................................... 930C

ore 461 120 cm .....................................,. 931C t

ore 461, 165 cm ....................................... 932C

ore 461 228 cm ........... ~ ...................,....... 933C

Core 461, 299 cm ......................... ~ ........ ~ .... 934

ore 499 000 cm t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ............. 935C

C ore 499 120 cm ~ ~ i ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ e ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ oi ~ ~ ~ ~ ~ 936

ore 499 210 cm ~ ....................... ~ .............. 937C

ore 509 000 cm ............ ~ ......... ~ ................ 938C

Core 509, 070 cm ....................................... 939

117

201 cm

ore 509, 264 cm ....................................... 942C

ore 509 384 cm ...... ~ ........ ~ ....................... 943C

Core 509, 504 cm .......,............................... 944

ore 511.5 000 cm .............. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ 945C

094Core 511.5

Core 527, 000 cm .............................. ~ ........ 947

070Core 527,

ore 527, 160 cm ........,.............................. 949C

254Core 527, cm

Core 527, 309 cm ~ ...............,,....,,...... ~ ...,,... 951

Core 675, 000 cm

ore 675, 100 cm ...................... ~ .... ~ ........... 953C

219Core 675,

XXXV11

Core 509,

Core 509,

~ ~ ~ ~ ~ o ~ ~ e + ~ ~ e ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ ~ o ~ a ~ ~ ~ ~ ~ ~ 927

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ i ~ ~ ~ os i ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 940

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ 7941

~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ t t ~ t ~ ~ ~ i ~ ~ i ~ ~ ~ ~ ~ ~ ~ i ~ ~ 946

s ~ ~ ~ ~ ~ s ~ ~ ~ ~ a ~ ~ ~ ~ t o ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 2 V948

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ t ~ ~ 4 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ 9 0950

~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ 1 ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 954



ore 745, 000 cm ............. ~ ~ .. ~ ..................... 955C

ore 745, 053 cm ....,.................................. 956C

ore 822, 000 cm ...............................,....... 957C

Core 822, 051 cm ....................................... 958

ore 822' 096 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I i ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 959C

ore 822, 120 cm ....................................... 960C

ore 822, 197 cm .................,...,................. 961C

ore 822, 263 cm ..........-............................. 962C

ore 822, 302 cm ....................................... 963C

ore 829, 000 cm .....................,................. 964C

Core 829, 065 cm ..... 4 ~ ~ ~ ~ t ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ t ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ 965

ore 829, 138 cm ....,.....;............................ 966C

ore 829, 188 cm .....................................,. 967C

Core 829, 265 cm ....................................... 968

ore 829, 283 cm . ~ ..................................... 969C

ore 829, 340 cm .................................... ~ .. 970C

ore 829, 372 cm ........,.............................. 971C

ore 829, 398 cm ..................................... ~ . 972C

ore 858, 000 cm .......... ~ ~ ........................... 973C

ore 858, 102 cm ....................................... 974C

ore 858, 125 cm ................................,...... 975C

ore 878, 000 cm ~ ...................................... 976C

ore 878, 120 cm ............. ~ . ~ ........... ~ ........... 977C

ore 882, 000 cm ............ ~ ..................... ~ .... 978C

ore 882 120 cm ......................... ~ ............. 979C

XXXV111
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APPEND X C

CUMULATIVE FREQUENCY CURVES FOR SEDIMENT SAMPLES

This appendix contains a cumulative frequency curve plotted on normal

probability paper for each sediment sample. It should be noted that these

plots are based on the weight percentage of sediment retained on a given sieve

rather than the percentage passing through a given sieve.

C-I. Area I. Santa Monica Bay, Los Angeles, County

C-II ~ Area I I. San Pedro Bay, Los Angeles and Orange Counties

C-III. Area III. through VIII. Dana Point Area, Orange County through
San Diego Bay, San Diego County
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CONTENTS

I. Santa Monica Bay, Los Angeles County

A. North of Borrow Area B-IV .................................. 1

ore B-68, 000 cm ....................................... 2C

Core B 68 1 54 cm ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 3

ore B-68 300 cm .............................,......... 4C

Core B-68 420 cm ....,.................................. 5- � !

Core 8-68! 590 cm .........!.........................- ~ ~ ~ 6

ore B-65 000 cm ...., ~ ...... s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t 7C

ore B-65 120 cm ....................................... 8C

ore B-65 280 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~C

ore B-65, 360 cm ...............,....................... 10C

ore 8-65 450 cm .......................-............... 11C

ore B 65 563 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 12C !

ore 8-64 061 cm ....................................... 13C

ore B-64 091 cm ........ I ~ e ~ ~ o t e ~ ~ ~ s 14C 4!

ore 8-64 244 cm ......................... ~ ............. 15C

ar e B 64! 302 clll ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ! ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ! ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ 16C

ore B-64 330 cm ....................................... 17C

ore B-64 361 cm ....................................... 18C t

Core B-64 483 cm ....................... ~ ...... ~ ~ ....... 19

ore B-64 544 cm ............. ~ . ~ ....................... 20C 4!

ore B-64 584 cm ....................................... 21C 92

B. Borrow Area B-IV ........................................... 22

are B-61 030 cm ...........,........................... 23C !

ore 8-61 122 cm ....................................... 24C !

ore 8-61 244 cm ..............,.......,,,............,. 25C

ore 8-61 307 cm ..... ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ e 26C

Core 8-61, 399 cm ....................................... 2/
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CIA ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ e ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ee ~ ~ ~ ~ ~ e ~ a e ~ a ~ ~ ~

~ .. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ 29

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e 30

C% ee ~ ~ ~ ~ ~ ~ ~ ~ e ~ a e ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ eo ~ see 32

Cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 3 3

Cm e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ e ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~

Cm ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ o e ~ e ~ ~ ~ ~ 3S

CIII ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ a e ~ e ~ ~ ~ s ~ ~ s e ~ ~ ~ 3 6

Cm ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ e ~ ~

cm ~ ............................,. ~ ....... 38

Cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ e ~ ~ 39
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Core V-ll, 070 cm ....................................... 434

Core Y-ll, 115 cm t ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ t ~ t ~ ~ t ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ 435

Core Y-ll, 170 cm i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ t ~ 436

Col e A 24 y 030 cm ~ t ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 437

Core A-24, 061 cm ........................,.............. 438

Core A-24, 122 cm ....................................... 439

Core A 24> 140 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ 440

Core A-24, 152 cm .............................,......... 44 1

ore Y-07, 023 cm .............. ~ ........................ 442C

ore V-07, 060 cm .................,.....,............... 443C

ore V-0? 090 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ ~ ~ ~ t 444C t
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Core Y-13, 270 cm

Core Y-13, 300 cm

Cor e V-13, 325 cm

Core A-19, 020 cm

Core A-19, 051 cm

Core A-19, 081 cm

Core A-19, 173 cm

Core A-19, 183 cm

Core A-19, 211 cm

Core A-19, 229 cm

~ ~ t ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ i i t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 416

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 417

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ t ~ ~ ~ ~ t ~ it ~ ~ ~ t 418

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ i ~ ~ ~ 419

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t 420

i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ t 421

/
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ 0 ~ t ~ ~ ~ ~ t ~ ~ t

~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i 423

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ' ~ L

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ 425

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ t ~ ~ ~ t ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ 426



CQI e Y 07> 125 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ e ~ ~ ~ ~ ~ ~ ~ o ~ e ~ ~ ~ o ~ ~ 445

Core V-07, 148 cm ...... ~ .......................... ~ ..... 446

Core V-07, 1.78 cm ...................................,...07, 1.78 ....... 447

Core Y-07, 223 cm ................,....,,. ~ .............. 448

Core Y-07, 270 cm .... ~ ......... ~ .............. ~ ...,... ~ .~ . 449

Core V-lz, Oaa cm .......................................

Core Y-12, 095 cm ..................... ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ te ~ 0 ~ 451

Core Y-12, 128 cm ......... ~ .,,...,,. ~ .,................. 452

Core Y-12, 220 cm ....................................... ~ 453

Cor e V 12' 245 cm ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ o a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ ~ r ~ ~ ~ ~ ~ ~ ~ ~ 454

Core Y 12' 2/0 cm a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ i ~ ~ ~ ~ ~ ~ ~ i ~ 455

Core V-12, 290 cm ............................ ~ .......... 456

Core Y-12, 325 cm ....................................... 457

Core A-41, 025 cm . ~ ...,.................... ~ ............ 458

Core A-41, 086 cm .......,...,. ~ ...........,............, 459

Cal e A Alp LU'9 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ e ~ ~ ~ iii ~ io ~ a ~ ~ ~ ~ ~ ~ i ~ ~ ~ i ~ ~ ~ 460

Core A-41, 168 cm .........,... ~ ......................... 461

Core A-41, 234 cm . ~ ......,...,,. ~ ..........,...,...... ~ . 462

Core A-41, cN cm ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ le 463

Core A-41, 411 cm ....................................... 464

Core A-41, 439 cm .. ~ ... ~ ........,...........,.......... ~ 465

Core A-2/, UDU cm ..... ~ .................................2/, 030 ~ , ~ .. ~ ~ .. 466

Core A 27 091 cm ~ ~ o e ~ ~ ~ e ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ 467

Core A-27, 183 cm .............,... ~ ..................... 468

Core A-2/, 2%4 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ o ~ ~ ~ + ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . 469

Care A-27, 272 cm ....................................... 470

Core A-27, 538 cm .......... ~ ....... ~ ... ~ ................ 471

Core V-01, 030 cm .................,................... ~ . 473

Core Y-01, 155 cm ............................... ~ ~ 40 ~ ~ ~ 0 474

B. Within Borrow Area A-III

XV1 1

~ ~ s o ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ 472



ore Y-01, 215 cm ....................................... 475C

Core Y-09, 100 cm ...,..........,......,....,. � ......... 488

Core V-09, 155 cm I ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ 489

Core V-09, 200 cm ....... ~ ............. ~ ....,............ 490

Core V-09, 245 cm ..........................,,........... 491

Core V-09, 285 cm ..............................,,....... 492

Core Y-09, 294 cm t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ 493

Core Y-09, 325 cm ....... ~ ....,...........,....,......... 494

Core V-09, 485 cm ............,.............. ~ ........... 495

Core A-18, 000 cm ,.............,.....,,. ~ ...,........... 496

Core A-18, 061 cm I ~ ~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ 497

Core A-18, 123 cm ...................,................... 498

Core A-18, 155 cm ....... ~ ..... ~ .,,....,,, ~ ...,.......... 499

Core A-18, 216 cm ...............,....................... 500

Core A-18, 324 cm ~ ...................................... 501

Core A-18, 340 cm ...............,,...................... 502

Core A-18, 387 cm .........,............................. 503

ore Y-19, 013 cm ....................................... 504C
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Care V-Ol, 240 cm

Core Y-01, 290 cm

Core V-01, 330 cm

Core V-01, 370 cm

Core A-40, 030 cm

Core A-40, 122 cm

Core A-40, 183 cm

Core A-40, 246 cm

Core A-40, 276 cm

Core V-40, 307 cm

Core V-40, 307.cm

Core Y-09, 010 cm

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ we ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e 476

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 47 7

~ ~ ~ i ~ ~ ~ ~ ~ ~ a ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ 478

~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 479

~ a ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e 480

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 48 1

~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ e a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ 482

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 483

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ 484

1 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ i ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t 485

2 ~ ~ ~ tt ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ 4 ~ ~ O% 487



83 cm . ~ ........................... ~ ... ~ ...0

03 Cm ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~1

05 Clll ~ e ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ e ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~0

25 Clll ~ ~ ~ ~ ~ ~ e s ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ s ~ ~ ~ ~ ~0

65 Cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ e ~ s ~ ~ ~ ~ ~ ~ ~ ~0

00 cm .....................................1

35 Cm ~ ~ ~ ~ ~ i ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~1

03 cm .....................................0

55 cm e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ss ~ es ~ i ~ ~ ~ ~ ~ ~ ~ I ~ ~ ~0

30 Cm ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~1

55 Cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t1 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~1

80 Cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ se ~ ~ ~1

05 cm ......................... s ~ e ~ ~ ~ ~ ~ ~2

30 Cm ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~2

15 Cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~3

06 cm y y ~ ~ ~ ~ ~ ~ ~ ~ ~4

05 Cm ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~0

85 Cm s ~ ~ ~ o ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ e0

00 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ i ~ s ~ ~ ~ ~ ~ ~ s1

25 cm ......,..............................1

73 cm ~ ~ ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~1

05 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~2

28 Cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~2

45 Cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~2

60 cm et ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ I ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~2

15 cm ..................................,..3

365 Cm ~ ~ ~ ~ ~ ~ se ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ eee ~ ~ ~ ~ ~ ~ ~ s ~

15 Cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ es ~ ~ ~ ~ ~ ~ ~ ~ ss ~ ~ ~ s ~ ~ ~4

83 Cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ es ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~4

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Cor e

Core

V-19,

V-19,

V-19,

V-02,

V-02,

V-02,

V-02,

V-02,

V-03,

V-03,

V-03,

V-03,

V-03,

V-03,

V-03,

V-03,

V-03,

V-10,

V-10,

V-10,

V-10,

V-10,

V-10,

V-10,

V-10,

V-10,

V-10,

V-10,

V-10,

V-10,

060 ~ s ~ 4i ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

X1X

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

5ZO

521

522

523

524

525

526

527

528

529

530

531

532

533

534 279



Core V-�, 558 cm ....................................... 535

Core V 10> 655 cm ~ ~ i ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 536

ore A-23, 122 cm .....,..........,...................... 537C

ore A-23, 213 cm ........................... ~ ........... 538C

Core A-17, 191 cm g! ........ � .......,.................. 551

Core A-�, 191 cm PZ ......................,...,....,,... 552

Core A-�, 257 cm ....................................... 553

Core A-17, 345 cm ....................................... 554

Core A-17, 417 cm ................................,...... 555

Core A-�, 448 cm ............,........ ~ ............. ~ ... 556

Core A-29, 030 cm ..............,...............,........ 557

Core A-29, 122 cm ...........,,................... « ..... 558

Core A-29, 152 cm .... ~ ~ ......,....... ~ .....,............ 559

Core A-29, 182 cm ................ ~ ...... ~ ......,....... ~ 560

Core A-29, 300 cm ....................... ~ .............. ~ 561

~ ~ ~ ~ ~ ~ ~ ~ 562Core A-Z9, 361 cm ...............................

~ ~ ~ ~ ~ ~ ~ e 563ore A-29, 427 cm .............,,.............,,.C

ore V-16 010 cm ................... ~.........,,........ 564C
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XX

Core A-23, 269

Core A-23, 300

Core A-23, 455

C. Outside Borrow Area

Core V-04, OZO

Core V-04, 048

Core V-04, 075

Core V-04, 125

Core V-04, 155

Core A-�, 000

Core A-�, 07Z

Core A-�, 086

cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ 539

cm ........,. ~ ...... ~ ................,.... 540

cm .....,.........,...................... ~ 54!

I I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 542A-

cm ....................................... 543

cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ek ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 544

cm ............................... ~ ....... 545

cm ..................., ~ ........,,....... ~ 546

cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ o ~ ~ a ~ ~ ~ 547

cm 0 ~ 4 ~ ~ ~ ~ ~ ~ ~ ~ 4 ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 548

cm ................................. ~ ..... 549

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~



ore V-16, 030 cm ....................................... 565C

ore V-16 050 cm ..... ~ ....................... ~ ~ ........ 566C »

ore A-22, 000 cm .............. ~ ....... ~ ...... ~ ....,... ~ 567C

ore A-22, 063 cm .... ~ ...........,,.. ~ .,,.......... ~ ..,. 568C

ore A-22, 124 cm ....................................... 569C

ore A-22 195 cm ....................................... 570C »

ore A-21, 030 cm .............. ~ ...........,......,.... ~ 571C

Care A-21 122 cm ............,.....,..... ~ ~ ............. 572

Core A-21, 183 cm ......... ~ ............................. 573

Core A-21, 277 cm ........,.....,,...... ,, 5574

Core A 21» 307 clTI ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

ore A-21, 368 cm .........,............................. 576C

Core A 21» 429 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ ~ ~ ~ r r ~ ~ r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 577

ore A-21, 485 cm ....................................... 578C

Core A-co» u30 cm ....................................... 579

Core A-26, 091 cm .......................................26, 091 ...... 580

Core A-26» 152 cm ~ r ~ rr ~ .r ~ rr ~ rs ~ rr ~ r ~ ~ rr ~ ~ ~ rrr ~ ~ ~ ~ ~ ... ~ . 581

Core A-zv, cu8 cm ........,,...,.......,.....,.....,,,...26, 208 .. 582

D. Within Harrow Area A-II ...... ~ ............................... 583

Core A-38 030 cm ........ 584

Core A-38, 091 cm ....................................... 585

Core A-38, 122 cm .....................................,,8, 122 . 586

Core A-38, 152 cm ................ ~ .....,...,........ ~ ... 587

Care A-55» cLD cm ~ ~ .. ~ ~ .. ~, ~ ~... ~ .. ~ ~..... ~ .. ~ ~ ~...... 588

Core A-du, aOv cm ....................................... 589

Core A-38, 421 cm ......... ~ .............. ~ .............. 590

Core A-38, 553 cm .................,,...,,......... ~ ..... 591

Core A-38, 577 cm ......... ~ .......,........,,.......,... 592

Core V-15 010 cm r ~ ~ ~ ~ ~ ~ rrr ~ r ~ ~ ~ r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ ~ ~~ 59 -',

Core V 15» ObU cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ r ~ ~ ~ ~ ~ ~ r ~ ~ r ~ ~ ~ ~ ~ r r ~ ~ ~ ~ ~ 594 281

XX1



Core V-15, 115 cm ................,, ~ ......,............. 595

Core Y-15, 290 cm t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ t 596

Core Y-15, 375 cm .........,............................. 597

Core V-22, 210 cm ........,..... ~ .............,.......... 609

Core V-22, 270 cm ....................................... 610

Core V-22, 330 cm ...................,,...,,,,...... ~ ..., 611

Core V-22, 370 cm .................................,..... 612

Core V-28, 015 cm ......... ~ ............................. 613

Core V-28, 040 cm ................................. ~ ..... 614

Core V-28, 075 cm e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 615

Core Y-28, 110 cm ..........................,........ ~ ... 616

Core V-28,. 180 cm ....,...,.............................. 617

Core V-28, 240 cm ..... ~ .......................,.....,... 618

Core V-28, 290 cm ... � .................................. 619

Core Y-28, 380 cm .............................,......... 620

Core v cvi 510 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ot ~ ~ t ~ o ~ t 662 'l

Core V-06, 031 cm ...,......................,............ 622

ore V-06, 070 cm .............................,......... 623C

ore V 06> 102 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ 624C
282

XX11

Core Y-15, 650 cm

Core Y-15, 670 cm

Core V-05, 005 cm

Core Y-05, 055 cm

Core V-05, 095 cm

Core V-05, 190 cm

Core V-05, 260 cm

Core V-22, 006 cm

Core V-22, 030 cm

Core V-22, 090 cm

Core V-22, 150 cm

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ 598

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ t ~ ~ 599

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 600

~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 601

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 602

~ e ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ o ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ t t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 603

~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t 604

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ 605

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 606

~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ t ~ ~ o t ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ 607

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o 608



ore V-06, 118 cm .....................,........... ~ ..... 625C

ore Y-06 160 cm ......... ~ ~ ............................ 626C

ore Y-06 200 cm ....................................... 627C

ore V-06 241 cm ............... ~.............,,........ 628C

ore Y-Z3, 008 cm ...............,.. ~ .... ~ . ~ ............. 629C

ore Y-23 055 cm ....................................... 630C

Core Y-23 095 cm ....................................... 631

Core Y-23 140 cm ....................................... 632

ore Y-23 200 cm .. ~ .................................... 633C

ore V-23 270 cm ....................................... 634C

Core V-23, 330 cm ............................ ~ ~ ......... 635

ore Y-Z3 375 cm ...... ~ ~ ~ ~ ~ r ~ ~ ~ ~ ~ ~ ~ er ~ o ~ ~ ~ ~ ~ so ~ ~C -- ~

ore Y-23 420 cm .. ~ ...........................,..C

ore Y-23, 490 cm .. ~ .......,...... ~ ...... ~ .............. 638C

ore V-23, 530 cm .. ~ .................................... 639C

Core V-2? 060 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ i ~ ~ i ~ ~ 4 i ~ ~ ~ ~ ~ ~ ~ ~ ~ 5 640

Core V-27, 140 cm .................. ~ .................... 641

ore V-27, 180 cm ............,....... ~ ......,........... 642C

ore V-2? 220 cm . ........... ~ ......................... 643C

Core Y-cj, c~~ cm ..... ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ i 64

ore Y-24 022 cm ....................................... 645C

Core V-24, 065 cm ....................................... 646

Core V-24, 121 cm ........,.............................. 647

Core V-24, 155 cm ...........,....., ~ .................... 648

Core V-24, 260 cm ..................................... ~ ~ 6

Core V-24, 340 cm I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ 6

Core A-10, 000 cm ~ ........................... ~ .......... 652

Core A-10, 032 cm ...........,..............,.....,.....0~ 032 653

Core V-24, 4ZO cm

XX111

636

~ ~ ~ ~ ~ ~ 637



Core A-10, 123 cm gl ...........,..........,............. 654

Core A-10, 123 cm 42 ........................,,.......... 655

Core A 10> 182 cm gl y ~ ~ ~ ~ ~ i o ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 656

Core A-10, 182 cm g2 .....................,.........,,... 657

Core V-25, 020 cm ................,......,............... 658

Core V-25, 085 cm ................,......,............... 659

Core V-25, 150 cm ....................................... 660

Core V-25, 200 cm ......................... � ............ 661

Car e V 25 y 240 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ I 662

Core V-25, 285 cm ....................................... 663

Core V-25, 325 cm ......... ~ ............ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ , ~ ~ ~ 664

Core Y-25, 365 cm ..........,................,.......,... 665

Core V-25, 420 cm ..........,,.....,................ ~ .... 666

Core V-25, 465 cm .......................,. ~ .....,,...... 667

Core V-25, 510 cm ... ~ ................................... 668

Core A-12, 036 cm ...........,,.......................... 669

Core A-12, 112 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ t4 ~ ~ ~ ~ ~ ~ 670

Core A-12, 152 cm ............. ~ ......................... 67l

Core A-12, 300 cm .....................,................. 672

Core A-12, 351 cm ........,.............................. 673

are A-12, 599 cm ..............,........................ 674C

Core V-30, 010 cm ....................................... 675

Core V-30,' 040 cm ... ia ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 676

are Y-30, 070 cm ....................................... 677C

Core Y-30, 195 cm .....,......,............. � ........... 678

E. Outside Borrow Areas A-IV & A-V ...........................,.. 679
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xxiv

Core V-26, 015

Core V-26, 085

Core V-26, 170

Core V-26, 200

cm ~ ~ ~ ~ ~ ~ y ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 680

cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e t ~ ~ ~ ~ ~ i ~ ~ ~ ~ 681

cm a I ~ ~ ~ ~ ~ a ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 682

cm s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i 683



Core H-un, v05 cm a ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ + ~ t ~ ~ ~ ~ as ~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ i ~ ~08, 005 ... 696

Core H-08, 050 cm ....................................... 697

Core H-08, 100 cm ....................................... 98698

Cof e H 08' 160 cm ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ 69

Core H-03, 000 cm ....................................... 0700

Core H-03, 050 cm ................. ~ .....................03, 050 ... 701

Core H udge lpp cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 4 ~ ~ 4 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~03, iGP . 702

Core H-ua, i50 cm .........,...............,............. 703

Care H-ua, ijn cm ...... ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ a ~ 4t ~ ~ 4 ~ ~ ~ ~ ~ 704

Care A-13, 030 cm ......,.............,.............,...,3, 030 .. 705

Core A-13, 117 cm .........,...................... ~ ...... 706

Core A-13, 122 cm ........,...,.... ~ ..,.....,,.. ~ ..,...., 707

Core A-la, 1.vs cm ....................,...........,...,.,3, 183 ....... 708

Core A-13, 297 cm ............... ~ ~ ... ~ .,....,........... 709

F. Within Borrow Area A-iV ............. ~ ..................,...

Core U-es, 030 cm ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ e ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~29, 030 .... . 711

Core V-zs, 089 cm .......,..........,...,................ 712

Cor e V D y I Lu cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 713
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Core X-09,

Core H-09,

Core H-09,

Core X-09,

Core H-09,

Core H-D9,

Core H-06,

Core H-06,

Core H-06,

Core H-06,

Core H-06,

Core H-06,

045 cm i I ~ ~ ~ ~ ~ ~ ~ ~ i ~ 1 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 e ~ ~ 68684

cm ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ewe 6850

05 cm ..................... ~ ................. 6861

55 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ t 0 6871

15 cm ....................................... 6882

46 cm ~ ....................,................. 6892

000 cm ~ ~ ~ ~ ~ i I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 690

050 cm .... ~ .......... ~ ..... ~ ................. 691

075 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 692

100 cm ....................................... 693

140 cm ~ 4 ~ ~ ~ 0 4 ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ 69A

210 cm ~ ~ ~ ~ ~ ~ ~, ~ .. ~ .. ~, ~ .. ~ ~ ~ ~ . ~ ~ . ~ ~ . ~ ~ ~ .. 69695



Core H-07, 060 cm .............. � ......................, 720

Core H-07, 075 cm .....,,........................ ~ ....... 721

Core H-07, 095 cm ....................................... 722
7 '2 1,Core H n7 13n cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 72,

Core H-07, 145 cm ~ ~ o ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 724'

Core H-07, 185 cm ....................................... 725

H. Within Borrow Area A-I ...... ~ ..........,................... 726

Core A-05, 000 cm 41,...........................,....... 727

Core A-05, 000 cm g2 .........,,....,....,.....,,...,,... 728

Core A-05, 000 cm g3 ,........,.......................... 729

Core A-05, 000 cm g4 ...........,.....................,.. 730

Core A-05, 126 cm 41 ..................,....,............ 731

Core A-05, 126 cm g2 ...........................,........ 732

Core A-05, 126 cm 43 .................,,......... ~ ....... 733

Gore A-05, 126 cm g4 ......................,,............ 734

Core A-05, 271 cm gl .......,............................ 735

Core A-05, 271 cm g2 ......................... ~ ...,....,, 736

Core A-05, 271 cm g3 .....................,...,.......... 737

Core A-05, 271 cm g4 .........,.............,....,....... 738

Core A-05, 305 cm gl .................................... 739

Core A-05, 305 cm g2 ...,....,........................... 740

Core A 05» 305 cm g3 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 74 1

Core A-05, 305 cm g4 .................................... 742

Core A-05, 365 cm gl ...,................................ 743
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XXV1

Care H-05,

Core H-05,

Gore H-05,

Core H-05,

G. Within Borrow

Care H-07,

60 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 7140

75 cm ................................,...... 7150

00 cm .................,...,.......... ~ ...... 7161

20 cm ............... ~ ..... ~ ..........,...... 7171

rea A-V ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ Q ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 718A

20 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ » ~ ~ ~ ~ ~ ~ t ~ ~ ~ i ~ t ~ ~ ~ ~ ~ ~ ~ 7 190



Core A-05, 490 cm ¹2 .................................... 751

Core A-05, 490 cm ¹3 .....,......................,....... 752

Core A-05> 490 cm ¹4 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 7

Core H-02, 000 cm a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ a 754

Core H-02, 050 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ a ~ ~ a 755

Core H-02, 100 cm ..........................,............ 756

Core H-02, 150 cm ....................................... 757

Core H-02, 200 cm .......... ~ ... ~ ...................... ~ ~ 758

Core H-01, 015 cm ...............................,... ~ ... 759

Core H-01, 110 cm .....................,................. 760

Core H-Gl, 145 cm ....................................... 761

Cafe A 11} 000 cm ¹1 ~ ~ ~ ~ ~ ~ a a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ 762

Core A-11, 000 cm ¹2 .................................... 763

Core A-ll, 000 cm ¹3 .................................... 764

Core A-ll, 094 cm ¹1 ......................,....,........ 765

Care A-ll, 094 cm ¹2 .................................... 766

ore A-ll, 200 cm ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~C

Cor e A-1 1, 307 cm ....................................... 768

Core A-ll, 393 cm .......................,............... 769

Core A-ll, 430 cm .....,...,,...............,..........,, 770

Core A-ll, 491 cm ....................................... 771

C ore A-ll, 594 cm ....................................... 77'.
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XXV1 1

Core A-05, 365 cm

Core A-05, 365 cm

Care A-G5, 365 cm

Core A-05, 422 cm

Core A-05, 422 cm

Core A-05, 422 cm

Core A-05, 490 cm

2 ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ r ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ ~ r ~ ~ ~ ~ ~ ~ ~ ~ ~ 744¹

~ s ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r 745¹

4 ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ r ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ 746

1 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ 747

3 ~ ~ ~ r ~ ~ ~ ~ ~ r s ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 748

4 a ~ ~ ~ a ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ a ~ ~ ~ ~ r ~ ~ ~ ~ ~ r ~ a 749

1 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ a ~ ~ ~ ~ a ~ ~ ~ a 750



I I I ~ Dana Point Area, Orange County .................................. 773

Core D-03, 150 cm ......,.............,.....,............ 782

Core D-03, 200 cm ...............,.................,,.... 783

Core D-03, 250 cm ..................,......,.....,.....,. 784

Core D-03, 350 cm .... ~ ...............,.....,............ 785

Core 0-03, 420 cm .............,.......... ~ ............. ~ 786

Care D-04, 000 cm ....................................... 787

Core D-04, 150 cm .............,.................,....... 788

Core D-04, 200 cm ...................,................... 789

Care D-04, 235 cm ....................................... 790

Core D-05, 020 cm ............ ~ .......................... 791

Core D-05, 060 cm .....,.................,............... 792

Core D-06, 000 cm .....,.... ~ ................,........... 793

Core D-06, 047 cm ................ ~ ,............,,....... 794

Core D-06, 075 cm ................................ ~ ...... 795

ore D-06, 100 cm ....................................... 796C

ore D-06, 170 cm e ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ta 797C

ore D 06 y 200 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ y ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ 798C

Core D-06, 250 cm ............................,.......... 799

ore D-06, 300 cm .............................,......... 800C

at e D 06 y 350 cm ~ y ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 801C

ore D-07, 001 cm ~....................,,,...,,. ~... ~.... 802C
288

XXVlii

Core D-02, 000 cm

Core D-02, 035 cm

Core D-02, 054 cm

Core D-02, 068 cm

Core D-02, 080 cm

Core D-03, 000 cm

Core D-03, 060 cm

Core D-03, 100 cm

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ 774

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 775

~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ 776

~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s 777

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 778

~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 779

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 780

~ ~ ~ ~ ~ ~ ~ ~ ~ 0' ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ktt 781



~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ t ~ ~ ~ ~ ~ t ~ ~ ~ i ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ i 803050 cm

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 804100 cm

~ ~ ~ ~ ~ ~ ~ ~ 4 ~ ~ t ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 8150 cm

~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ e ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 806200 cm

~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ e e ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ t ~ ~ ~ ~ ~ ~ i i ~ 807240 cm

~ ~ ~ ~ i ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ i e ~ e ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 808015 cm

070

100 cm

~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ ~ o ~ ~ e ~ ~ ~ y ~ ~ eo ~ ~ y ~ ~ ~ ~ ~ ~ ~ ~ ~ e 811150 cm

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ + ~ ~ ~ 0 ~ ~ j ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ V i01 2
200 cm

~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ i ~ ~ i t ~ ~ ~ ~ ~ ~ ~ ~ 813250 cm

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ i ~ ~ i ~ ~ tie ~ ~ 814000 cm

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ Vi815050 cm

~ ~ ' ~ t ~ ~ 0 ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ V i816100 cm

~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 817150 cm

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 818250 cm

0 ~ ~ t ~ 1 ~ i 4 ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 ~ ~ ~ ~ ~ i ~ 819300 cm

~ ~ ~ ~ ~ ~ ~ ~ ~ 1 i ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ 92 ~ ~ ~ i ~ 820355 cm

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ i ~ ~ ~ 4 ~ ~ ~ ~ 4 ~ ~ ~ i ~ ~ ~ ~ ~ ~ 821375 cm

~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e S ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ 822000 cm

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ t ~ s ~ ~ ~ 823

~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ t ~ ~ ~ e ~ ~ ~ ~ ~ 824050 cm

~ ~ ~ i 0 ~ ~ ~ + ~ 0 ~ 4 ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 825070 cm

~ r 44 ~ ~ Oe ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t 826100 cm

~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o + ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ 827

COUn'tp r o ~ o e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ 820'>8
Diego

~ ~ ~ 4 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 ~ ~ ~ ~ ~ ~ ' ~ ~ ~ ~ ~ i ~ 0 ~ 829000 cm

~ ~ ~ ' ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ' ~ e ~ ~ ~ t ~ ~ ~ ~ ~ t t t ~ ~ ~ ~ ~ l ~ ~ 4 ~ 830

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ 4 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ 831174 cm

~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 832cm

Core D-07,

Core D-07,

Core D-07,

Core D-07,

Core D-07,

Core D-08,

Core D-OB,

Core D-OB,

Core D-08,

Core D-08,

Core D-08,

Core D-09,

Core 0-09,

Cor e D-09,

Core D-09,

Core D-09,

Core D-09,

Core D-09,

Cor e D-09,

Core D-10,

Core D-10,

Core D-10,

Core D-10,

Core D-10,

Cor e D-10,

IV. Oceanside Area, San

Core A100,

Core A100,

Core A100,

Core A100,

020

131

087

274

cm

cm

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~

XX1X

809
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Core A100, 374 cm .....,................,,............... 833

Core 1884, 207 cm ......,.... ~ ......... ~ .....,........... 848

Core 1891, 000 cm .............,..........,..........,... 849

Core 1891, 100 cm .....................,................. 850

Core 1891, 200 cm ......,........ ~ .................,..... 851

Core 1900, 000 cm ...................,................... 852

Core 1900, 120 cm ....................................... 853

Core l900, 240 cm ....................................... 854

Core 1970, 000 cm 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 ~ ~ ~ ~ ~ 4 ~ ~ ~ . 855

Core 1970, 040 cm ....................................... 856

Core 1979.6 000 cm ...,.......................,......... 857

Core 1979.6 080 cm ..........,....,.... ~ ................ 858

Core 1979.6 167 cm ..................................... 859

Core 1979.6 197 cm ..........,...................,...... 860

Core 1986, 000 cm ...,.......................,,.......... 861

Core 19B6, 072 cm ....... ~ ....... ~ ....................... 862
290

Cor e

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

656, 000 cm 1 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ............. 8.41

656, 083 cm ............ ~ ...... ~ .....,.....,.... ~ .. 8351

656, 156 cm .............................,....,.... 8361

656, 220 cm ....................................... 8371

67 5y 000 cm e ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e 8381

675, ill cm .......................,,.............. 8391

721, 000 cm ....................................... 8401

1721 y 090 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ' ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 841

1721> 170 cm o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ' ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ 842

1852, 000 cm ....................................... 843

185 2 i 100 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 844

1884, 000 cm I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 845

1884, 070 cm ................................,...... 846

1884, 144 cm 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ...... 847

XXX



Core 2053, 000 cm .........,...........,............. ~ ... 863

Core 2053, 120 cm .......... ~ ............................ 864

Core 2053, 226 cm ....................................... 865

ore 2120 000 cm .......,......................,........ 866C

ore 2120, 070 cm ....... ~ . ~ ....... ~ ..........,.......,.. 867C

ore 2120 138 cm .......... ~ ........,................... 868C � - l

V. Oceanside � La Jolla Area, San Diego County ..................... 869

ore 1363, 000 cm ....................................... 870C

ore 1363, 100 cm ........;................,...........,. 871C

ore 1363 200 cm .......,. ~ ...... ~ . ~ ~ ................... 872C

ore 1369 000 cm ................................... ~ ... 873C

ore 1369 074 cm ....................................... 874C

ore 1369, 140 cm .................. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ o ~ ~ 875C

ore 1410 000 cm ............... ~ ....................... 876C

ore 1410 038 cm ....................................... 87?C

Core 1417.5 000 cm ........ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 8?8

ore 1435 000 cm .......... ~ ............................ 8?9C

VI. La Jolla Area, San Diego County .................................. 880

Core 1259.6 000 cm ... ~ ................ ~ ..........,..... 881

ore 1259.6 090 cm ....................... ~ ............. 882C

ore 126? 000 cm ............................ ~ .,........ 883C

ore 1267 100 cm ....................................... 884C

Core 12?5, 000 cm ....................................... 885

ore 1275y 042 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ e ~ ~ t i ~ a j ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 886C

Core 1275, 120 cm ~ ~ ~ ~ j ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

VII. Nission Beach Area, San Diego County ............................ 888

Core 945.5 000 cm . ~ ..................................... 889

Core 945.5 048 cm ........... e ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

Core 945.5 100 cm ......... ~ ............. ~ ............... 891

Core 1049, 000 cm ....................................... 892 291

XXX1



VI I I. San Diego Bay, San Diego County ..............,.... �....,...... 897

Core 139, 312 cm ~.........,, �................,... �... 905

Core 149, 000 cm ..................................... ~ . 906

Core 149, 025 cm ....................................... 907

Core 149, 090 cm .....,............................,.... 908

Core 149, 152 cm IO ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 909

Core 153, 000 cm 4 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 910

Core 153, 045 cm ,............,......................... 911

Core 153, 066 cm ....................................... 912

Core 1 53, 130 cm ................................,...... 913

Core 153, 240 cm ....................................... 914

Core 153, 339 cm ....... � .............................. 915

Core 257, 000 cm ....................................... 916

Core 257, 045 cm .............................,......... 917

Core 257 y 096 cm ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 918

Core 257, 168 cm ....................................... 919

Core 262, 000 cm .....,... ~ .......... ~ ................. ~ 920

Core 262, 078 cm ...................,................... 921

ore 262~ 165 cm s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 922C
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Core 1049, 081 cm

Core 1049, 133 cm

Core 1060, 000 cm

Core 1060, 052 cm

Cor e 106, 000 cm

Core 106, 115 cm

Core 118, 000 cm

Core 118, 095 cm

Core 139, 000 cm

Core 139, 108 cm

Core 139, 210 cm

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ o ~ ~ ~ ~ ~ ~ ~ o ~ ~ 89 3

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 894

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ 895

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ 896

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 898

~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 899

~ r ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 901

~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ et ~ ~ ~ ~ ~ et ~ ~ i ~ ~ ~ s ~ ~ ~ ~ ~ e 902

~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 903

~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 904



00 cm ...... ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ a ~ ~ as92 9230

69 cm ....................................... 9240

22 cm ............................ ~ .......... 9251

55 cm . s ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~1

00 cm ................ ~ . ~ .................... 9270

09 Cm ~ ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ o ~ ~ ~ ~ ~ o ~ ~ 9291

80 cm o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ a ~ ~ 9301

78 cm a ~ ~ ~ ~ ~ ~ ~ o ~ ~ s ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ 9322

00 cm ................ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ 9330

20 cm ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ a ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ... 9341

74 cm ~ ............................ ~ ~ ........ 9351

00 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ s ~ ~ ~ o ~ ~ ~ ~ ~ 9370

20 cm ~ ~ a ~ ~ o ~ ~ a o ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ a ~ ~ ~ s ~ ~ ~ ~ ~ s o ~ ~ ~ ~ ~ 9381

03 cm s ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ o ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~2

26 cm ....,,.......,........ ~ .......,........ 9403

00 cm ....................................... 9410

29 cm ....................................... 9420

074 Cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 9 3943

10 cm ....................................... 9441

70 cm ao ~ o ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ oa 9451

00 cm ..................................... ~ . 9460

44 cm ..............................,........ 9491

80 cm ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ sa ~ ~ ~ as ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 9501

000 cm o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ os ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ 951

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

272,

272,

272,

272,

290 ~ 5

290.5

290.5

290. 5

290. 5

290. 5

300,

300,

300,

300,

333

333.

333.

333.

398,

398,

398,

398,

398,

450,

450,

450,

450,

461,

461,

051

256

210

057

081

120

cm

cm

cm

cm

~ ~ a ~ ~ ~ a ~ ~ a o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ 928

~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ as ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ o a ~ ~ ~ ~ 931

~ ~ so ~ s ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ os ~ a ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~

~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ a ~ ~ ~ ~ ~ ~ a ~ ~ ~ 947

~ ~ ~ ~ a ~ ~ ~ a s ~ ~ o ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 948

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ 952

XXXlll
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Core 461, 1
nc

65 cm s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 95 '

Core 511. 5 000 cm ...........,...,....................... 966

Core 511.5 094 cm ...... ~ .... ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 967

Core 527, 000 cm ...............,.............,......... 968

Core 527, 070 cm ....................,.................. 969

Core 527, 160 cm ............... ~ ....................... 970

Core 527, 254 cm .... ~ ... ~ .. ~ ~ . ~ ......, ~ ................ 971

Core 527, 309 cm ..................,.................... 972

Core 675, 000 cm .......................,............... 973

Core 675, 100 cm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ y ~ 974

Core 675, 219 cm ...,...........,,...................... 975

Core 745, 000 cm I ~ ~ ~ ~ ~ ~ ~ ~ ~ 5 ~ ~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

Core 745, 053 cm ... » .................................. 977

Core 822, 000 cm .........................,............. 978

Core 822, 051 cm ..... ~ ~ ................................ 979

Core 822, 096 cm .............................. ~ ........ 980

Core 822, 120 cm .........................,.. �,........ 981

ore 822, 197 cm ....................................... 982C294

XXX1 V

Core 461, 228 cm

Core 461, 299 cm

Core 499, 000 cm

Core 499, 120 cm

Core 499, 210 cm

Core 509, 000 cm

Core 509, 070 cm

Core 509, 117 cm

Core 509, 201 cm

Core 509, 264 cm

Core 509, 384 cm

Core 509, 504 cm

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ > ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ 954

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~

~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 9 56

~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 957

~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i 958

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ a ~ ~ ~ ~ ~ 959

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 960

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ at ~� ,t ~ ~ ~ ~ ~ ~ ~ ~ ~ 962

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a a ~ ~ 963

~ ~ ~ ~ ~ t ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~

~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ e 965



ore 822 263 cm ....................................... 983C

ore 822, 302 cm .... ~ ..............,,........,, ~ ....... 984C

ore 829, 000 cm ~ ~ r ~ ~ ~ ~ ~ rr ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ rr ~ ~ r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 985C

Core 829, 065 cm ~ ................... ~ ................ ~ ~ 98986

ore 829, 138 cm ....................................... 987C

ore 829 188 cm .............,,........................ 988C

ore 829 265 cm ....................................... 989C

ore 829, 283 cm ....................................... 990C

Core 829 340 cm ~ ~ ..... ~ .. ~ .....,.......... ~ ........... 991

ore 829, 372 cm ....................................... 992C

ore 829, 398 cm .......................... ~ ~ ........... 993C

are 858 000 cm ....................................... 994C

are 858, 102 cm .............. ~ ................ ~ ....... 995C

ore 858, 125 cm .................................. ~ . ~ .. 996C

Care 8ro, 000 cm ..... r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 92 99

Core 878, 120 cm ....................................... 99

ore 882 000 cm 92 ~ ~ ~ ~ ~ ~ r ~ r ~ r ~ ~ ~ ~ ~ ~ r ~ ~ ~ r ~ ~ r ~ ~ r ~ ~ r ~ ~ rr ~ ~ r 999C

ore 882, 120 cm ....................................... 1000C
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APPENDIX D

RESULTS OF PETROGRAPHIC MODAL ANALYSIS

Methodology

Grain thin sections generally were prepared for the medium sand fraction

�.25 to 0.50 mm; 2 to 1 phi! of the obtained vibracore samples. Additional

grain thin sections sometimes were prepared for both the coarse sand fraction

�.50 to 1.00 mm; 1 to 0 phi! and the fine sand fraction �, 125 to 0.25 mm; 3

to 2 phi! to evaluate mineralogic variation as a functio~ of grain size.

Mhere more than one identical sample number occurs in the computer listings,

the petrographic analyses are ordered from coarse- to fine-grained fractions

of that particular sample. Half of each thin section was stained with sodium

cobalti nitrate to aid in distinguishing potassium feldspar from quartz and

plagioclase. A minimum of 300 grains were counted on each thin section using

the line method described by Galehouse   1971, p. 392-394!. The correct

i denti ficati on of at least 300 grains per thin section provi des that the true

compositional value for each major mineral is within +6'5 of the obtained

number frequency value at a 95$ confidence level  Van der Plas and Tobi, 1965;

summarized in Galehouse, 1971, p. 395-397!. The quartz classifications of

Basu and others   1975! and Young �976! were employed. Compositional

abbreviations listed on the computer output are identified on page iii.

Appendix 0 is divided into two parts. Part A includes the listings and

simple data descriptions for the general areas I through VIII, and thus

includes all of the obtained petrographic data. Part B includes the listings

and simple data descriptions for potential borrow areas where sand samples

were recovered.
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Compositional Abbreviations Listed on Computer Output

vibracore number

sample depth in cm from top of vibracore

1 I 9 ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ j ~ ~ i ~ ~

IOD em ~ et a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~2.

undulatory monocrystalline quartz

plagioclase feldspar

potassium feldspar

pyroxene

amphibole

4 ~ UNQTZ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ e i ~ ~ ~ ~ ~

PLAG ~ ~ + ~ ~ a ~ ~ ~ i i ~ ~ e ~ ~ ~ a ~ ~ ~5.

6 ~ KS PAR o ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~

7 PYROX ~ o ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

8a AMPHI 8 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

9. BIOTITE ............... ~ .. biotite

10. EPIDOTE .....,............ epidote

sphene

garnet

magneti te and other opaque iron oxides

poI ycrystalli ne quartz with 2-3 subunits

polycrystalline quartz with � subunits

metamorphic rock fragments

plutonic rock fragments

volcanic rock fragments

si liciclastic sedimentary rock fragments

1 1 y SPHENE ~ ~ t ~ ~ ~ t e ~ ~ o ~ ~ t ~ ~ ~ ~

12. GARNET

1 3 e FF-'M I N s ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

14@ QT2 2 3 s ~ i ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ aa ~

15m QT2 � ~ ~ ~ i i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

1 6 ~ 'GRETA ~ e ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

1 7 s PLUTON ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ o ~ ~ ~ ~ ~ ~

18. VOL C

1 9 ~ CLASTIC ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

20. ALLOCH ................... allochemicai carbonate grains

chert

intraclastic carbonate grains

unidentified grains

2 1 ~ CHERT ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ e ~

22. INTRA ........... - ~ . ~ ... ~

23 ~ NDID r ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
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3. NONUNQTZ .....,.....,..... nonundulatory monocrystalline quartz
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Potential Borrow Area B-I ........................ ~ ~ . ~ .............. 2;2-r

II. San Pedro Bay, Los Angeles and Orange Counties ..................... 27

Potential Borrow Area A-V .......................................... 27

Potential Borrow Area A-IV ......................................... 2;97

Potential Borrow Area A-II I ........................................ 27

Potential Borrow Area A-II ......................................... 28

Potential Borrow Area A-I .......................................... 30

III. Dana Point Area, Orange County  No Potential Borrow Areas!

Oceanside Area, San Diego County ................................... 33 i

Potential Borrow Area SD-I  No Core Penetration!

IV.

Potential Borrow Area SD-II ............ ~ ........................... 3O

V. Oceanside to La Jolla Area, San Diego County ....................... 31

Potential Borrow Area SD-III ....................................... 31

Potential Borrow Area SD-IV  No Core Penetration!

Potential Borrow Area SD-V  No Core Penetration!

Potential Borrow Area SD-VI  No Core Penetration!

VI. La Jol 1 a Ar ea, San Diego County .................................... 31

Potential Borrow Area SD-VII  No Core Penetration!
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Potential Borrow Area SD-IX ........ ~ ~ ...........................,.. 31

VIII. San Diego Bay, San Diego County ................ ~ .................. 31

Potential Borrow Area SD-X ................. ~ .......,............... 31

Potential Borrow Area SD-XI ........... ~ ........ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

Q i!Potential Borrow Area SD-XI I ...................................., .. 3

Santa Monica Bay, Los Angeles County ...........,................... 33

Potential Borrow Area B-V ............,.................,,....,,.... 33
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Potential Borrow Area B-IV ..........,.............................. 34

Potential Borrow Area B-III ........................................ 35

Potential Borrow Area B-II ......................................... 36

Potential Borrow Area B- I ..................,....................... 37

II. San Pedro Bay, Los Angeles and Orange Counties ..................... 38

Potential Borrow Area A-Y ...,.....,................................ 38

Potential Borrow Area A-IV ....................,.................... 39

Potential Borrow Area A-III ........................................ 40

Potential Borrow Area A-II ..... ~ ................................... 41
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Potential Borrow Area SD-I  No Core Penetration!

Potential Borrow Area SD-II ................. ~ ~ ...........,......... 43

V. Oceanside to La Jolla, San Diego County

Potential Borrow Area SD-III � Sample; see p. 31!

Potential Borrow Area SD-IV  No Core Penetration!

Potential Borrow Area SD-V  No Core Penetration!

Potential Borrow Area SD-V I  No Core Penetration!

VI. La Jolla Area, San Diego County .........,,........................ 44

Potential Borrow Area SD-VII  No Core Penetration!

Potential Borrow Area SD-VIII ................ ~ ...... ~ .......... ~ ~ .. 44

VII. Mission Beach Area, San Diego County ............................... 45

Potential Borrow Area SD-IX ........................................ 45

VIII. San Diego Bay, San Diego County .........................,......... 46

Potential Borrow Area SD-X ........,,....,,,........................ 46

Potential Borrow Area SD-XI ........................................ 47

Potential Borrow Area SD-XII ....................................... 48
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