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SOIL-STRATIGRAPHIC ASSESSMENT OF SEDIMENT AGE,
GROUP DELTA CONSULTANTS CORES B-1 AND B-3,
6044 CARLOS AVENUE, HOLLYWOOD AREA,

CITY OF LOS ANGELES, CALIFORNIA

INTRODUCTION

This Appendix summarizes soil-stratigraphic field measurements and
descriptions for dating sediments and soils (pedologic profiles) exposed in two
~50-ft, continuous cores recovered by Group Delta Consultants (GDC) from
borings at 6044 Carlos Avenue in the Hollywood area of the City of Los Angeles,
California. Of the several ~70-ft-long GDC cores, two (B-1 and B-3) were
specifically selected for analysis based on their location immediately north and
south, respectively, of an apparent “subsurface anomaly” depicted on a N-S,
cone penetrometer test (CPT) cross section (GDC Plate 1, cross-section A-A).
Pertinent location and geologic maps, and CPT and continuous core data are
given in the GDC narrative and hence are referred to, but not replicated in this
document.

This investigation was commissioned by GDC and particularly focused on cores
B-1 and B-3 as available for analysis in the GDC laboratory. Preliminary
geomorphic and likely subsurface geological settings are based on interpretation
of site-specific aerial photographs and topographic maps, and on recently
completed GDC geologic and geotechnical investigations in the immediate area
now submitted to the City of Los Angeles, Department of Building and Safety.

Assistance was kindly provided by Steven Kolthoff, Consulting Senior
Engineering Geologist. The cores were examined and described on 3 April
2015 wusing traditional pedological (soil science) terminology and field
methodology described in Soil Survey Division Staff (1993), in Soil Survey Staff
(1999) and in Schaetzl and Anderson (2005). The applicability of soil-
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stratigraphy for assessing fault-age (time of last displacement), particularly
related to construction of residential and commercial properties, dams, landfills
and other large engineered structures, is summarized in Shlemon (1985).
Numeric dating and “calibration” with relative soil profile development is reviewed
in Birkeland (1999), McFadden (1989), and Eppes and others (2002).

The presence of multiple buried paleosols, as identified in the cores, indicates
that, as elsewhere in California, the Carlos Avenue area was subject to periodic
regional sedimentation, ostensibly under “pluvial” climatic and vegetation
environments, separated by epochs of relative landscape stability that gave rise
to weathering and resulting soil formation.

Relative profile development of the several buried paleosols encountered in the
B-1 and B-3 cores is based mainly on color changes (Munsell notation) and on
presence, thickness and continuity of translocated clay films. In brief, as
employed in this document, soils, whether surface or buried, are “undeveloped” if
there is no discernible presence of either a cambic (Bw) or an argillic (Bt)
horizon. Slightly developed profiles are typified by a cambic or an incipient
argillic horizon, the later often informally designated “Btj.” A moderately
developed soil is readily identified by translocated clay films that line ped faces,
bridge mineral grains and often line root pores. The clay films are commonly
reddish-brown in color (Munsell 7.5YR). Strongly to very strongly developed
soils typically have a 20 to 40 percent increase in translocated subsurface clay
compared with that in the parent material. In chronosequences, subsurface
colors are increasingly more red (rubification) than the parent material.
Additionally, the subsoil thickness increases with relative development. Whether
increasing relative profile development results stems solely from the time of
surface exposure or from the influence of paleo-climates remains controversial.
Nevertheless, relative profile development can be “calibrated” with radiocarbon,
or locally with U-series and OSL dating methods, to extrapolate soil and
sediment ages over wide areas. Accordingly, the Carlos Avenue soil ages are
given in ranges and, where feasible, associated with the marine isotope stage
chronology (Chappell and Shackleton, 1986; Martinson and others, 1987).

Almost all the core-identified buried paleosols are typified by truncated (eroded)
argillic horizons, in some cases up to several inches thick. Locally, however,
post-pedogenic erosion has entirely removed any remnant soil. Inherently,
therefore, relative profile development provides only a minimum age for the
underlying sediments (parent material).
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In general, the Carlos Avenue soil parent materials are mixed-lithology, grossly
fining-upward fluvial sediments, interspersed with locally derived mudflows
grading downslope into debris flows. The remnant buried paleosols are typically
internally stratified, and formed on various parent material grain sizes and
lithologies. It is therefore unrealistic to compare the percentage of remnant
illuvial clay with that in an assumed original parent material for quantifying soil
age using a typical “soil development index” (Harden, 1982). Hence, soil
(weathering) ages are estimated using “numeric calibration” applied in similar
Mediterranean climates (McFadden, 1989; Eppes and others, 2002).

GEOMORPHIC SETTING

As shown on regional aerial photographs and topographic maps (GDC Plate 1;
Figs. 3 and 5), the 6044 Carlos Avenue site lies on the now-buried, southeastern
flank of a likely “high-level” alluvial fan. To the south, the site is covered by an
increasing thickness of younger sediments primarily laid down by the
“Beechwood fan” (GDC Fig 5). In contrast, recent GDC investigations in the
nearby Argyle Avenue and Yucca Street areas (GDC Fig. 1) encountered up to
~30-ft of (Holocene) alluvial sediments, age assessments initially deduced from
the lack of either surface or internal moderately or strongly developed buried
paleosols, and later verified by several radiocarbon dates. In contrast, surface
and near-surface soils capping the Carlos Avenue site are moderately
developed, typified by up to ~3-ft thick cumulic argillic horizons. This unusually
high subsoil thickness implies that the immediate site area was likely on an
alluvial fan toe-slope and thus received periodic increments of sedimentation that
did not bury the profiles, but rather slowly resulted in their accumulation
(cumulic). Further, the former topography was also likely at least a few feet
higher than any active drainage, and hence did not receive appreciable
sedimentation for at least the last ~20 ka. A detailed description and age
assessment of the Carlos Avenue pedogenic profiles and the likely depositional
environment of their underlying parent materials (sediments) are provided in
Tables 1 and 2, and discussed in the following section.

SOIL-STRATIGRAPHY, CORE B-1

As shown on GDC Plates 1 and 2, continuous core B-1 was obtained north of an
inferred “subsurface anomaly” between cone penetrometer tests CPT-4 and
CPT-5. The local surface elevations and site-condition information are provided
in the GDC narrative and hence not replicated here. In brief, however, the B-1
core exposed a surface asphalt cap underlain by about ~5 ft of mixed artificial fill
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and remnants of the original organic horizon and locally derived rubble informally
designated as horizon “Af2-A” (Table 1).

The 5-ft thick cumulic argillic horizon (Bt) is mainly a dark yellowish brown pebbly
silty clay loam. The horizon is also typified by few dark yellowish brown (10YR
4/4) clay films that line ped faces, bridge mineral grains and fill fine root pores.
Given the ~5-ft thickness and moderate relative development, this subsoil is
certainly pre-Holocene in age. Compared with similar, well drained profiles in
Mediterranean climates, the soil represents at least ~20 ka of weathering. By
comparison with the marine isotope chronology, this weathering epoch may well
have initiated during stage 3, ~30-35 ka ago (Chappell and Shackleton, 1986;
Martinson and others, 1987). Accordingly, the underlying parent material (C
horizon), local mud- and debris-flows to a depth of ~12.5-ft, unconformably
overlies light yellowish brown pebbly coarse sand that was apparently laid down
during a previous epoch of relative landscape instability (pluviality?). From a
stratigraphic standpoint, this inferentially took place during isotope stage 4, ~50-
60 ka ago.

An underlying, ~10-ft sequence of sand clay and pebbly coarse sand (horizons
3Bb through 3C2b), is capped by a slightly to moderately developed buried
paleosol (3Bb). This argillic horizon is identified by its few very fine brown to dark
brown (10YR 4/3) clay films that bridge mineral grains and fill root pores. It is
less developed that the overlying near-surface Bt horizon at 5.5-11.7 ft. And itis
obviously truncated. Nevertheless, the 3Bb (17.5-19.3 ft), still indicates a ~15-
20-ka epoch of local landscape stability. When this weathering epoch occurred
is unknown but, based on stratigraphic position, likely took place during a
preceding stage of relative landscape stability, inferentially during isotope
substage 5a, ~80 ka ago.

Several discrete alluvial units occur between ~27.5 and 38.0 ft (Table 1; horizons
4C1b, 4C2b, 5C1b, 5C2b, 5C3b). The sediments are mainly loamy coarse sand
to sandy clay loams replete with basal unconformities (abrupt wavy to irregular
broken lower boundaries). Accordingly, one or more cambic or incipient argillic
horizons may have capped these units, but were eroded during deposition of
overlying units. A relative age for these deposits is deduced from stratigraphic
position as likely at least ~90 to ~110 ka (substages 5b through 5d).

Slightly to moderately developed argillic horizons (6Bb and 8Bt1b-8Bt2b) occur at
~38.0 and 41.1-ft, respectively (Table 1). These remnant buried paleosols — at a
minimum — represent about 20 ka and ~30-35 ka of weathering, ostensibly
occurring during or before substage 5e (~120 ka). The parent material, to the
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base of the Core B-1 measured section (44.0 ft), is inherently older. It was laid
down during previous epochs of relative landscape instability, inferentially at least
~150 ka ago (isotope stage 6).

Given the presence of the near-surface, >~20 ka, moderately developed cumulic
soil, the Core B-1, Pleistocene-Holocene boundary is less than about 10 to 12 ft
deep. GDC independently identifies this boundary on a north-south, CPT section
across the Carlos Avenue site (GDC Plate 2). This section also shows that
neither faults nor possible dipping beds (buried anticlinal structures) extend to
above ~50-ft from the modern surface. Thus, any subsurface deformation here
occurred well before Holocene time.

SOIL-STRATIGRAPHY, CORE B-3

Core B-3 was measured and described to a depth of ~50-ft (Table 2). GDC
collected the core in the north part of the Carlos Avenue site, about 30-ft south of
B-1 (GDC Plate 1).

As documented on Table 2, the upper ~five ft of B-3 is similar to B-1, a thin
asphalt cap and an artificial fill (horizon Af2-A1). This is underlain by ~2.0 ft of a
remnant organic horizon (A2). Below, to ~10.5 ft, is a moderately developed,
~3.5-ft thick (cumulic) argillic horizon (Bt). This horizon is akin to that at
comparable depth in Core B-1; namely, a silty clay loam with few fine dark brown
(7.5YR 4/3) clay films that line ped faces and bridge mineral grains. It grades
downward to increasingly coarse-grained sediments with pebbles up to ~0.3-in
diameter. These unconformably overlie the 2C horizon (abrupt wavy boundary).
The thickness and relative development of the near-surface argillic horizon (Bt)
represents at least ~20 ka of weathering and relative landscape development.
Ostensibly, this initiated during isotope stage 3, ~30-35 ka ago.

Horizon 2C (Table 2) is a ~2.0 ft thick, yellowish brown (10YR 5/4) pebbly sandy
clay loam with common (~20 percent) angular clasts increasing near the base of
a grossly fining-upward sequence. With its abrupt wavy lower boundary, it
unconformably overlies and truncates the top of an underlying buried paleosol
(horizon 2Bt1b).

At a depth of ~ 12.5 ft, Core B-3 encountered ~2.5-ft thick buried argillic horizons
(2Bt1lb and 2Bt2b), components of a moderately developed soil. Typified by few
very fine strong brown (7.5YR 4/6) clay films that line bed faces and bridge
mineral grains, the soil represents an estimated ~30-35 ka of relative landscape
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stability and weathering. From stratigraphic position, this most likely took place
during or before isotope substage 5a, about 80 ka ago.

Buried paleosol at ~16.5, 20.0 and 24.5 ft (3Btlb, 4Btb and 5Btb) are each
slightly to moderately developed. Each argillic horizon is truncated by overlying,
fining-upward fluvial gravels. Accordingly, the buried soils were probably thicker
than observed in the core. Nevertheless, for conservatism, each soil is
interpreted to represent no more than ~20 to 30-35 ka of weathering, and thus —
from stratigraphic position — ostensibly formed during substages 5c and 5e about
100 and 120 ka ago. It is indeed plausible, however, that the buried paleosols
represent weathering during one or more previous epochs of relative landscape
stability.

Several discrete fluvial deposits are recorded in the B-3 interval between ~25 and
40 ft. These stratified deposits (parent material horizons 6C1b through 7C3b;
Table 2) are replete with basal unconformities and locally very loose, many (>50
percent) angular quartzitic clasts, portions of which were not recovered in the
GDC core. From stratigraphic position, these sediments were laid down during
epochs(s) of regional landscape instability, ostensibly isotope stage 6 (~150 ka)
or before.

An approximately 9-ft thick, cumulic argillic horizon (8Bt-b, 8Bt2b, 8Bt3b) was
identified at ~40.5 to 49.8 ft, the base of the measured section. Forming on
multiple mud-and debris-flows, these argillic horizons identify another moderately
developed buried paleosol. The age of this soil is unknown except that, from
stratigraphic position, it must be at least ~200 ka old (stage 7).

DISCUSSION AND CONCLUSIONS

Two ~45-50-ft deep continuous cores (B-1 and B-3) at 6044 Carlos Avenue
(Hollywood) exposed surface and underlying buried paleosols useful for dating
late Quaternary sediments. The cores, in the north part of the site, are about 30-
ft apart, representative of site, subsurface stratigraphy and “straddle” inferred
subsurface anomaly. Of particular interest were core-recognizable buried
paleosols (argillic horizons) that identify epochs of past landscape stability and
soil formation.

The paleosols are mainly dated by relative soil-profile development, and where
possible, “calibrated” by radiocarbon or other numeric dating techniques, and by
association with the marine oxygen-isotope stage chronology.
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GDC north-south CPT and continuous core cross sections identify several
marker beds as well as subsurface anomalies. The origin of the anomalies is
unknown, but they may reflect possible faults, deeply incised paleo-topography
(buried relief) or the limb of buried structures, as GDC (2006) documented in
trenches at nearby projects (e.g., Yucca Street and Argyle Avenue).

Prior to regional mass-grading, the Carlos Avenue site was apparently located on
the southeastern flank of “old alluvial deposits,” which were topographically
higher than adjacent Holocene alluvial deposits of the GDC-designated
“‘Beechwood” fan. The ~3-ft thick near-surface, moderately developed, cumulic
soil, identified in both B-1 and B-3, demonstrates that a thin veneer of side-slope
sediments was almost continuously deposited at the site. Relative soil
development indicates that the near-surface soils reflect at least ~20 ka of
weathering, the onset of which reasonably began ~30-35 ka ago (isotope stage
3). Accordingly, based on relative profile development, the Pleistocene-
Holocene boundary, in both cores, occurs within ~10-12 ft from the surface.

Both cores also display comparable sequences of interbedded sediments and
moderately developed buried paleosols to a depth of ~30 ft. These sediments
identify alternating epochs of relative landscape instability (deposition) and
stability (soil formation) for at least the past ~100 ka. Below this depth, however,
there is no obvious correlation of sediments or soils between the two cores.
Based on CPT signatures, however, GDC does correlate deeper sediments.
Nevertheless, the generally matching B-1 and B-3 soil stratigraphy shows no
breaks (faults, incised topography) in this area since at least the last ~100 ka.
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Table 1

Soil-Stratigraphic Measurement and Description, Core B-1,
6044 Carlos Avenue, Hollywood Area, City of Los Angeles, California

Depth (ft) Horizon Description
0.0-0.3 Afl Asphalt cap
0.3-55 Af2-A Artificial Fill: Mixed original organic horizon, gravel and locally

derived rubble fragments; poorly compacted.

55-11.7 Bt Dark yellowish brown (10YR 4/4) to brown to dark brown (10YR
3/3) when moist pebbly silty clay loam; moderate to strong fine to
medium platy structure to weak structure grading to fine to
medium subangular structure near base; very hard to extremely
hard, very firm, slightly sticky and plastic; common pebbles and
subrounded clasts to 0.2-in dia., few very fine dark yellowish
brown (10YR 4/4) clay films lining ped faces, bridging mineral
grains (cumulic argillic horizon) and filling common to many fine
pores and root traces; mixed mudflow and debris-flow deposits;
abrupt wavy to locally broken boundary.

11.7-125 C Light yellowish brown (10YR 6/4) to dark yellowish brown (10YR
4/4) when moist coarse sandy loam; moderate medium angular
blocky structure; very hard, very firm to friable structure; non-
sticky and slightly plastic; common to many very angular granitic
clasts to ~3-in dia. at base; local mud and debris flow deposits;
abrupt wavy boundary (unconformity).

12.5-14.0 2C1b Light yellowish brown (10YR 6/4) to dark yellowish brown (10YR
4/4) when moist pebbly very coarse sand; single grained; loose,
very friable, non-sticky and non-plastic; gradual wavy boundary.

14.0-175 2C2b Light yellowish brown (10YR 6/4) to yellowish brown (10YR 5/4)
when moist sandy clay loam; weak to moderate fine subangular
blocky structure; hard, loose to friable, non-sticky and slightly
plastic; few subangular clasts to 0.5-in. dia., at ~14.4 ft.,
increasing clasts near base of horizon; base of fining upward
section; abrupt wavy boundary (unconformity).

17.5-19.3 3Bb Buried Paleosol: Yellowish brown (10YR 5/4) to dark yellowish
brown (10YR 4/4) when moist sandy clay loam; moderate fine
platy to weak to moderate fine subangular blocky structure; very
hard, very firm, slightly sticky and plastic; few very fine brown to
dark brown (10YR 4/3) bridging mineral grains and filling root
pores; sand lenses to 2-in thick throughout horizon, stratified;
mixed mud-and debris-flows; gradual wavy boundary.
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Depth (ft) Horizon
19.3-26.5 3Ci1b
26.5-27.5 3C2b
27.5-29.3 4C1b
29.3-31.8 4C2b
31.8-325 5C1b
325-355 5C2b
35.5-38.0 5C3b
38.0-39.9 6Bb

Table 1 (continued)

Description

Yellowish brown (10YR 5/4) to dark yellowish brown (10YR 4/4)
when moist pebbly loamy sand; single grained to weak fine
subangular blocky structure; loose to slightly hard, friable, non-
sticky and non-plastic; few to common gravel lenses to 1-in. thick
through horizon; metamorphic and granitic subangular clasts to
0.5-in. dia., abrupt wavy boundary.

Light yellowish brown (10YR 6/4) to yellowish brown (10YR 5/4)
when moist coarse sandy loam; massive to weak medium
subangular blocky structure; very hard, firm, non-sticky and
slightly plastic; few to common subrounded clasts to 0.2-in. dia.,
increasing near base; abrupt wavy boundary (unconformity).

Yellowish brown (10YR 5/4) to brown to dark brown (10YR 4/3)
when moist silty clay loam moderate medium platy structure;
hard, firm, slightly sticky and slightly plastic; gradual wavy
boundary.

Light yellowish brown (10YR 6/4) to yellowish brown (10YR 4/4)
when moist loamy coarse sand; single-grained to weak fine
subangular blocky structure; slightly hard, friable, non-sticky and
non-plastic; few to common subangular clasts to 0.3-in., dia.,
abrupt wavy boundary (unconformity).

Brown (10YR 5/3) to yellowish brown (10YR 5/4) when moist
sandy clay loam; moderate fine subangular blocky structure;
hard, firm, non-sticky and slightly sticky; gradual wavy boundary.

Light yellowish brown (10YR 6/4) to brown (10YR 5/3) when
moist pebbly loamy coarse sand; moderate fine to moderate
medium subangular blocky structure; hard, firm, non-sticky and
slightly plastic; gradual wavy boundary.

Yellowish brown (10YR 5/4) to dark yellowish brown (10YR 4/4)
when moist sandy clay loam; moderate to strong medium
angular blocky structure; very hard, very firm, slightly sticky and
plastic; gradual wavy to abrupt wavy boundary (unconformity).

Buried Paleosol: Light yellowish brown (10YR 6/4) to dark
yellowish brown (10YR 4/4) when moist medium sandy loam;
single grained to weak medium subangular blocky structure;
loose, very friable, non-sticky and slightly plastic; few very fine,
yellowish brown (10YR 5/4) clay films lining ped faces and
bridging mineral grains (argillic); few pebbly stringers to 0.2-in.
thick near base; abrupt wavy to broken boundary (unconformity).
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Table 1 (continued)

Depth (ft) Horizon Description

39.9-411 7Cb Very pale brown (10YR 8/4) to brown to dark brown (10YR 4/3)
when moist pebbly coarse sand; single grained; loose, very
friable, non-sticky and non-plastic; common to many subrounded
clasts to 0.3-in., dia. within “clean fluvial sand;” abrupt wavy
boundary (unconformity).

41.1-425 8B1b Buried Paleosol: Yellowish brown (10YR 5/4) to brown to dark
brown (10YR 4/3) silty clay loam; massive to weak medium
subangular blocky structure; very hard, very firm sticky and
plastic; few subrounded angular clasts to 0.2-in. dia.; horizontal
mixed mud-and debris-flow deposits; slightly to moderately
bioturbated; common fine dark yellowish brown (10YR 4/4) filled
root and worm holes; gradual wavy boundary.

425-44.0 8B2b Brownish yellow (10YR 6/6) to brown to dark brown (10YR 4/3)
when moist silty clay; moderate to strong medium subangular
blocky structure; very hard, extremely firm, sticky and plastic; few
very fine dark yellowish brown (10YR 4/4) clay films bridging
mineral grains, increasing near base; common stratified
subangular pebbles to 0.1-in. dia. throughout horizon; base of
measured section.

Notes:

1. Section measured and described by RJS and SK, 3 April 2015 from cores collected by
Group Delta Consultants..

2. The ~5-ft thick uppermost cumulic argillic horizon (B) is “slightly to moderately
developed;” typified by few to locally common, dark reddish brown clay films lining ped faces,
bridging mineral grains and filling root holes and pores. Horizon thickness and relative profile
development suggest a minimum ~20 ka age for the soil with pedogenic onset starting ~30-325
ka ago (isotope stage 3). The parent material (pebbly sandy clay) is inherently older, ostensibly
laid down during the previous regional “pluvial epoch” ~ 60 ka ago (marine isotope stage 4). At
this locality, the Pleistocene — Holocene boundary occurs <~10-12 ft from the modern surface.

3. The remnant buried paleosol at 17.5 — 19.3 ft (3Bb) is a truncated “slightly developed”
profile with field observable argillic horizon. The parent material is primarily locally derived
mudflows and debris flows. Based on relative profile development and stratigraphic position, this
paleosol ostensibly formed ~80 ka ago (isotope substage 5). Based on stratigraphic position, the
underlying parent material was presumably laid down during the previous epoch of regional
pluviality ~about 100-ka ago (substage 5b).
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4. Slightly to moderately developed buried paleosols (argillic horizons) ostensibly capped
horizons 4C1b and 5C1b; but these have been eroded by the immediately overlying, high-energy
fluvial deposits that give rise to the base of grossly fining-upward fluvial sequences observed
throughout the entire measured section.

5. The buried paleosols at 38.0 to 39.5 and 41.1 to 42.5-ft (horizons 6Bb and 8B1b,
respectively) are slightly to moderately developed. They, too, are remnant profiles generally
formed on mixed mud- and debris-flows and now truncated by truncated by erosion and
subsequent deposition of capping high-energy fluvial sediments. Based on relative profile
development, these soils each represent a minimum of ~15 to 20 k of weathering. From
stratigraphic position, the soils formed during one or more substages of isotope stage 5 (~100-
120 ka). The underlying parent material is therefore at least ~150 ka old (stage 6) though likely
older.

6. Base of measured section at ~44.0 ft; well below the Pleistocene-Holocene boundary.
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Table 2

Soil-Stratigraphic Measurement and Description, Core B-3,
6044 Carlos Avenue, Hollywood Area, City of Los Angeles, California

Depth (ft) Horizon Description
0.0-0.3 Afl Asphalt cap
0.3-5.0 Af2-Al Artificial Fill: Mixed original organic horizon; gravel and locally

derived rubble fragments; uncompacted.

50-7.0 A2 Olive brown (2.5Y 4/3) to dark olive brown (2.5Y 3/3) when moist
silty clay loam; weak medium subangular blocky structure; very
hard, very firm, sticky and slightly plastic; decreasing organic
matter near base; few subangular clasts to 1-in. dia., gradual
wavy boundary.

7.0-10.5 B Dark yellowish brown (10YR 4/4) to dark brown (10YR 3/3) when
moist silty clay loam; moderate medium platy structure; very
hard, very friable, sticky and very plastic; few fine dark brown
(7.5YR 4/3) lining ped faces and bridging mineral grains (cumulic
argillic horizon); few subangular clasts to 0.3-in. dia., increasing
near base; abrupt wavy boundary; base of fining-upward section
(unconformity).

10.5-125 2C Yellowish brown (10YR 5/4) to brown to dark brown (10YR 4/3)
when moist pebbly sandy clay loam; moderate fine to medium
platy to weak fine subangular blocky structure; hard to very hard,
very firm, sticky and plastic; common subangular clasts increase
near base; abrupt wavy boundary (unconformity).

12.5-14.0 2Btlb Buried Paleosol: Light yellowish brown (10YR 6/4) to dark
yellowish brown (10YR 4/4) pebbly sandy loamy clay; weak fine
subangular blocky structure; slightly hard, firm, sticky and plastic;
few very fine strong brown (7.5YR 4/6) clay films bridging
mineral grains; decreasing near base; few to locally common
subrounded to subangular clasts to 0.5-in. dia. near top of
horizon; gradual smooth to gradual wavy boundary.

14.0-15.1 2Bt2b Very pale brown (10YR 7/4) to dark yellowish brown (10YR 4/4)
when moist coarse loamy sand; massive to weak medium
subangular blocky structure; hard, very firm, slightly sticky
plastic; few subangular clasts to 0.5-in. dia.; very few yellowish
brown (10YR 5/6) clay films bridging mineral grains; few very fine
roots holes near base; abrupt wavy boundary.

15.1-16.2 2Cb Yellow (10YR 7/6) to yellowish brown (10YR 5/6) when moist
pebbly loamy sandy clay; massive to weak fine subangular
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Depth (ft) Horizon
16.2-17.0 3Btlb
17.0-17.9 3Bt2tb
17.9-18.7 3C1b
18.7 - 20.5 4Btb
20.5-215 4C1b
21.5-24.0 4C2b

Table 2 (continued)

Description

blocky structure; single grained, friable, non-sticky and non-
plastic; few angular clasts to 0.2-in. dia., abrupt wavy to abrupt
smooth boundary; base of fining-upward section (unconformity).

Buried Paleosol: Yellowish brown (10YR 5/6) to brown (10YR
5/3) when moist sandy silty clay; moderate to strong medium
platy structure; very hard, very firm, sticky and plastic; few to
common fine yellowish brown (10YR 5/6) clay films lining ped
faces, bridging mineral grains and filling root pores (argillic
horizon); abrupt wavy boundary.

Yellowish brown (10YR 5/6) to yellowish brown (10YR 5/4) when
moist loamy sand; fine to medium, subangular blocky structure;
hard, very firm, slightly sticky; slightly plastic few very fine dark
yellowish brown (10YR 4/6) bridging mineral grains few very fine
pores; abrupt to clear wavy boundary.

Yellowish brown (10YR 5/4) to dark yellowish brown (10YR 4/4)
when moist coarse sandy loam; weak fine platy to weak fine
subangular blocky structure; soft, friable, non-sticky and non-
plastic; common subangular clasts to 1.0-in. dia. near top;
gradual wavy boundary.

Buried Paleosol: Light yellowish brown (10YR 6/4) to dark
yellowish brown (10YR 4/4) when moist pebbly loamy coarse
sand; weak to moderate medium subangular blocky structure,
hard to very hard, very firm, non-sticky and non-plastic; few very
fine dark yellowish brown (10YR 4/4) clay films bridging mineral
grains (incipient argillic horizon — “Btj”); common to many
subangular clasts to 0.5-in. dia., slightly effervescent (land snail
fragments (?); abrupt smooth boundary.

Yellowish brown (10YR 5/6) to yellowish brown (10YR 5/4) when
moist sandy clay loam; moderate fine to medium platy structure;
weak fine subangular blocky structure; hard, firm to very firm;
non-sticky and slightly plastic; gradual wavy boundary.

Light yellowish brown (10YR 6/4) to yellowish brown (10YR 5/4)
when moist loamy coarse sand; single grained; soft, very friable,
non-sticky and non-plastic; few subangular to subrounded clasts
to 0.5-in. dia., horizontal, lenticular “beds;” few ~1.0-in-thick

interbedded clay throughout horizon; gradual smooth boundary.
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Depth (ft) Horizon
24.0-25.0 5Btb
25.0-27.0 6C1b
27.0-28.0 6C2b
28.0-29.5 6C3b
29.5-31.0 6C4b
31.0-345 6C5b
345-38.0 7C1b
38.0-39.2 7C2b

Table 2 (continued)

Description

Buried Paleosol: Light yellowish brown (10YR 6/4) to yellowish
brown (10YR 5/4) when moist pebbly loamy sand; 1f subangular
blocky structure; hard to very hard, very firm, non-sticky and
slightly plastic; few very fine dark yellowish brown (10YR 5/6)
clay films bridging mineral grains and filling few very fine root
pores (argillic horizon); abrupt wavy boundary (unconformity).

Yellowish brown (10YR 5/6) to yellowish brown (10YR 5/4) when
moist sandy clay loam moderate medium platy to moderate fine
subangular blocky structure; extremely hard, very firm, sticky and
plastic, common subangular clasts to 0.2-in. dia., few
subrounded quartzitic clasts to 1.0-in. dia. throughout horizon,
few grussified granitic clasts; mixed mudflow and debris-flow
deposits; abrupt wavy boundary.

Brownish yellow (10YR 6/6) to dark yellowish brown (10YR 4/4)
when moist sandy clay loam; weak medium subangular blocky
structure; slightly hard, friable non-sticky and slightly plastic;
abrupt wavy boundary.

Yellowish brown (10YR 5/6) to dark yellowish brown (10YR4/4)
when moist sandy clay; weak to moderate medium subangular
blocky structure; hard, firm, non-sticky and non-plastic; hard,
firm, non-sticky and non-plastic; few gravel beds to 2-in. thick
throughout horizon; gradual smooth to gradual wavy boundary.

Brownish yellow (10YR 6/6) to yellowish brown (10YR 5/4) when
moist sandy clay loam; moderate fine to medium subangular
blocky structure; soft, friable, non-sticky and slightly plastic; clear
wavy boundary.

Light yellowish brown (10YR 6/4) to dark yellowish brown (10YR
4/4) when moist sandy clay loam; weak to moderate fine platy to
moderate fine subangular blocky structure; hard, firm to very
firm, slightly sticky and slightly plastic; few to common medium to
coarse sands lenses to ~2-in. thick mid-horizon; abrupt wavy to
abrupt irregular (broken) boundary (unconformity).

[no color], pebbly very coarse sand; single grain; very friable,
loose; non-sticky and non-plastic; common to many subrounded
quartzite clasts to 1-in. dia., ~85 percent core loss (no recovery);
abrupt wavy to abrupt irregular (broken) boundary
(unconformity).

Very pale brown (10YR 7/4) to dark yellowish brown (10YR 4/6)
when moist coarse sandy loam; single grained to weak very fine
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Depth (ft)

Horizon

39.2-405

40.5-47.5

47.5-49.0

49.0 - 49.8

Notes:

7C3b

8Btlb

8Bt2b

8Bt3b

Table 2 (continued)

Description

subangular blocky structure; soft, very friable, non-sticky and
non-plastic; common subrounded to subangular clasts to 0.4-in.
dia., increasing near base; abrupt wavy boundary.

Very pale brown (10YR 7/3) to light yellowish brown (10YR 6/4)
pebbly coarse sand; massive to single grained; soft, very friable,
non-sticky and non-plastic; few subrounded clasts to 0.5-in. dia.
increasing near base; abrupt wavy boundary (unconformity).

Buried Paleosol: Yellowish brown (10YR 5/4) to brown to dark
brown (10YR 4/3) when moist silty clay loam; moderate to strong
fine platy to weak fine subangular blocky structure; extremely
hard, very firm to extremely firm, slightly sticky and slightly
plastic; few very fine yellowish brown (10YR 5/4) clay films
bridging mineral and filling common very fine root pores
throughout horizon (cumulic argillic); very few subangular
pebbles to 0.1-in. dia., multiple, superimposed mud flows; abrupt
wavy boundary.

Yellowish brown (10YR 5/4) to brown to dark brown (10YR 4/3)
when moist loamy coarse sand; moderate to strong medium
subangular blocky structure; extremely hard, extremely firm, non-
sticky and slightly plastic; common very fine dark yellowish
brown (10YR 4/4) clay films lining ped faces and bridging mineral
grains (cumulic argillic); multiple, thin mudflows with subrounded
clasts to 1.5-in. dia., gradual wavy to abrupt wavy boundary.

Yellowish brown (10YR 5/6) to dark yellowish brown (10YR 4/4)
when moist silty clay loam; strong fine to medium angular blocky
structure; extremely hard, extremely firm, sticky and plastic; few
thin dark yellowish brown (10YR 4/4) bridging mineral grains; few
subangular clasts to 0.1-in. dia. throughout horizon; abrupt wavy
boundary; base of measured section.

1. Section measured and described by RJS and SK, 3 April 2015 from cores collected by
Group Delta Consultants, Torrance, CA.

2. The ~3.5-ft thick uppermost cumulic argillic horizon (B) is “moderately developed;”
typified by few fine dark brown (7.5YR 4/3) lining ped faces, bridging mineral grains and filling
root pores. Horizon thickness and relative profile development suggest a minimum 20 ka age for
the soil with pedogenic onset presumably ~30-35 ka (stage 3). The underlying parent material is
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inherently older, inferentially laid down ~60 ka (stage 4). The Pleistocene-Holocene boundary
occurs within ~10- to 12 ft from the modern surface.

3. A ~2.6-ft-thick buried paleosol at 12.5-14.0 ft (2Bt1b) is “slightly to moderately
developed,” characterized by few very fine strong brown (7.5YR 4/6) clay films bridging mineral
grains. This soil represents another ~15-20 ka of weathering, which, from stratigraphic position,
took place ~80 ka ago (isotope substage 5a).

4, Buried paleosols at ~16.5, 20.0 and 24.5 ft (3Bt1b, 4Btb and 5Btb) are each “slightly to
moderately developed.” These soils are truncated by overlying high-energy fluvial gravels, and
hence were likely substantially thicker than observed in the cores. For conservatism, each soil
represents a minimum of ~15 ka of weathering, which, based on stratigraphic position, may have
occurred ~80, 100 and 120 ka ago (substages 5a, 5¢ and possibly 5e, respectively). The parent
material for paleosol 5Btb may thus have been laid down during a preceding epoch of regional
deposition; here, based on stratigraphic position, is assumed to be ~150 ka ago, during stage 6.

5. The paleosol (cumulic argillic horizons) at ~40.5 ft (horizons 8Bt1b through 8Bt3b) is
“moderately developed” and is superimposed on multiple mudflow and debris flows. Based on its
“deep” stratigraphic position, the soil may have formed at least ~200 ka ago, a time of relative
landscape stability (stage 7).

6. The base of the measured section is 49.8 ft.





