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22. LATE QUATERNARY TEXTURAL CHANGE OFFSHORE OF POINT CONCEPTION,
SITE 1017, CENTRAL CALIFORNIA MARGIN!

Richard J. Behl,? Ryuji Tada,* and Tomohisa Irino*

ABSTRACT

Siliciclastic sedimentation at Ocean Drilling Program Site 1017 on the southern slope of the Santa Lucia Bank, central Cal-
ifornia margin, responded closely to oceanographic and climatic change over the past ~130 ka. Variation in mean grain-size and
sediment sorting within the ~25-m-thick succession from Hole 1017E show Milankovitch-band to submillenial-scale variation.
Mean grain size of the “sortable silt” fraction (10-63 um) ranges from 17.6 to 33.9 um (average 24.8 um) and is inversely cor-
related with the degree of sorting. Much of the sediment has a bimodal or trimodal grain-size distribution that is composed of
distinct fine silt, coarse silt to fine sand, and clay-size components. The position of the mode and the sorting of each component
changes through the succession, but the primary variation is in the presence or abundance of the coarse silt fraction that controls
the overall mean grain size and sorting of the sample. The occurrence of the best-sorted, finest grained sediment at high stands
of sea level (Holocene, marine isotope Substages Sc and Se) reflect the linkage between global climate and the sedimentary
record at Site 1017 and suggest that the efficiency of off-shelf transport is a key control of sedimentation on the Santa Lucia
Slope. It is not clear what proportion of the variation in grain size and sorting may also be caused by variations in bottom cur-

rent strength and in situ hydrodynamic sorting.

INTRODUCTION

Ocean Drilling Program (ODP) Site 1017 is located on the south-
ern slope of the Santa Lucia Bank in 955 m of water, ~50 km west of
Point Conception and Point Arguello on the central Californian mar-
gin (Fig. 1; Lyle, Koizumi, Richter, et al., 1997). This location is of
interest because of its setting beneath a persistent modern upwelling
structure within the California Current system and by its location at
the boundary between two oceanographic provinces of the eastern
boundary current system—the southern California Bight and the
Strait of Juan de Fuca to Point Conception segment (Brink et al.,
1984; Hickey, 1998). The site is also particularly important because
of its close proximity to Santa Barbara Basin where recent studies
have found evidence for rapid millennial-scale climatic and oceano-
graphic fluctuations during the late Quaternary that reflect oceanic
changes in circulation and intermediate water ventilation (Kennett,
Baldauf, and Lyle, 1995; Kennett and Ingram, 1995; Behl and Ken-
nett, 1996; Cannariato et al., 1999).

Five holes were cored at this site with the last (Hole 1017E) ded-
icated to a high-resolution study of the late Quaternary paleoceanog-
raphy of this region (see Tada et al., Chap. 25, this volume). The three
cores from Hole 1017E (~25 m in aggregate length) were sliced into
>850, 3-cm increments, each of which was split and distributed for
determination of isotopic, elemental, organic geochemical, biomar-
ker, magnetic, textural, and fabric characteristics of the sediments by
various researchers. The study presented here focuses on the charac-
ter and nature of textural change (grain size and sorting) at Site 1017
over the past ~130 ka and throughout the uppermost 25 m of sedi-
ment. This data provides insight into how the sedimentary record was
physically influenced by changes in the strength of intermediate water—
depth contour currents and eddies, by variation in the effectiveness of
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offshore transport related to sea level, or by climatically related
changes in river discharge.

METHODS

The sealed core sections from Hole 1017E were split in half
lengthwise, described, and sampled at Texas A&M University ap-
proximately three months after the completion of ODP Leg 167. Cu-
rated depths (meters below seafloor [mbsf]) were corrected to ac-
count for gas expansion, cracks, and missing material at core breaks
(see Kennett et al., Chap. 21, this volume; Tada et al., Chap. 25, this
volume). Two textural data sets were generated from splits of the
same samples comprising every 3 cm of Cores 167-1017E-1H, 2H,
and 3H. Multiple methods of grain-size analysis are available to re-
searchers. Each has its own advantages or drawbacks in what is actu-
ally measured (e.g., particle diameter, volume, settling rate, scatter-
ing effects, etc.), the accuracy and precision of analyses, size range
analyzed in a single step or multiple iterations, and in the required
volume of sample (Singer et al., 1988; McCave and Syvitski, 1991;
McCave et al., 1995). The methods employed in our study were
largely determined by the instruments available at our institutions;
both are previously reviewed, standard methodologies (Singer et al.,
1988; McCave and Syvitski, 1991). The first sample set (LB) was an-
alyzed at California State University at Long Beach with a Coulter
multisizer using the electrical sensing zone technique (which mea-
sures the displaced volume of individual particles). This data set in-
cludes nearly all of the 3-cm samples. The second set (TU) was ana-
lyzed at Tokyo University with a Horiba LA-920 grain size analyzer
by laser diffraction (which measures the angular scattering of sus-
pended particles). This data set is primarily restricted to the intervals
0-224 and 711-889 corrected centimeters below seafloor (cmbsf), in
which every other 3-cm increment was analyzed. In both sample sets,
sediments were disaggregated, rinsed of sea salt, cleaned of calcium
carbonate (hydrochloric acid or acetic acid dissolution) and organic
matter (hydrogen peroxide oxidation), and dispersed (sodium hexam-
etaphosphate or sodium pyrophosphate). These steps are required to
accurately measure the grain-size distribution of the siliciclastic frac-
tion of the sediment with minimal complications from including ma-
terials with different densities, specific surface areas, or adhesive
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properties. Set LB was sieved to remove any sand-sized particles
(>63 um) before analysis. Set TU was initially treated with a buffered
dithionite-citrate solution to remove Fe-Mn oxides (Tada et al., Chap.
25, this volume). Both sample sets retained small amounts of opaline
biosiliceous debris (generally <5%).

Statistical analysis of the grain-size distribution data provided
median, mode, and mean grain sizes and sorting indicators (e.g., stan-
dard deviation) for each sample. These statistics can be derived for
the entire measured spectrum (2—-63 um for set LB, 0.02-2000 um for
set TU) or only from some selected subset of that spectrum. We adopt
the procedure of McCave et al. (1995) to present statistics from the
10- to 63-um-size range (the “sortable silt” fraction) in addition to
those of the entire measured range. This restricted size range forms
the noncohesive fraction of silt; therefore, changes in the mean size
and sorting of this sediment are most likely to reflect response to hydro-
dynamic processes (McCave et al., 1995). Because many sediment
samples analyzed display a bimodal grain-size distribution, selected
samples were deconvolved by an iterative curve-fitting method to re-
solve the modes, sorting, and relative proportions of the separate size
components that make up the entire distribution. These size compo-
nents are correlated with chemical and mineralogical components via
factor analysis (Tada et al., Chap. 25, this volume; Irino and Peder-
sen, Chap. 23, this volume).

Data are plotted with depth (cmbsf) and also with age based on the
radiocarbon and oxygen isotope age model of Kennett et al. (Chap.
21, this volume) from 0 to 58.956 ka (0-1224.2 cmbsf). This paper
also uses a linear extension of this model to 129.84 ka (2487.3
cmbsf), based on correlation between shipboard measurements of
color reflectance (compositional proxy) and U; values (near surface
temperature proxy; Lyle, Koizumi, Richter, et al., 1997) with the
standard marine oxygen isotope record, placing the bottom of the
hole at approximately the middle of Termination 2 (marine isotope
Stage [MIS] datum 6.0; Martinson et al., 1987).

RESULTS

Sedimentologic Overview

The late Quaternary succession at Site 1017 consists primarily of
siliciclastic silty clay to clayey silt, with minor amounts of biogenic
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calcium carbonate (<10%; foraminifers and nannofossils), and rare
biogenic opal (~2%; chiefly fragments of sponge spicules, with fewer
diatoms; Lyle, Koizumi, Richter, et al., 1997; Tada et al., Chap. 25,
this volume). Rare, centimeter-scale, bioclastic or siliciclastic sand
layers are concentrated between two intervals, 320-500 and 1390-
1470 cmbsf, representing MISs 2 and 4, respectively—both sea-level
lowstands. Sand layers are typically sharp based and some are nor-
mally graded. Sands are primarily quartzofeldspathic and contain
variable, generally minor, quantities of mica and abraded bioclasts.
Trace amounts of amphibole, augite, and a green garnet (possibly
uvarovite) are present in most sands and coarse silt fractions.

With the exception of sand layers and sparse, millimeter-scale,
silty laminations discernible by X-rays, the upper Quaternary se-
quence is bioturbated and massive. Near-continuous burrowing is
displayed by computed tomographic (CT) vertical X-rays of sedi-
ment slabs and CT-scans of bedding parallel slices (Behl et al., 1997;
Morris and Behl, 1998; Fig. 2). Chondrites and Planolites trace fos-
sils are present, but most common are unidentified millimeter- to cen-
timeter-diameter vertical to nearly horizontal burrows in addition to
pervasive mottling. Ongoing bioturbation (up to tens of centimeters
deep) likely obliterated all but the most rapidly deposited and buried
sedimentary structures.

Set LB

The mean grain size for the entire measured spectrum ranges from
7.4 to 30.3 um though the succession, with an average value of 19.5
um (Table 1; Fig. 3). The mean of the sortable silt fraction (10-63
um) ranges from 17.6 to 33.9 um (average 24.8 pm). The degree of
sample-to-sample variation is fairly high, regularly fluctuating 2—4
um between adjacent samples, yet certain trends and cyclicities can
be discerned in the succession, especially within a smoothed record
(21-pt. running average; i.e., 63 cm or ~3 k.y.). The uppermost 2200
cm (0 to ~113 ka) is distinctly coarser (20.0 um average whole spec-
trum; 25.2 um average sortable silt) than the lowermost 400 cm
(~113-130 ka, 16.1 pm average whole spectrum, and 21.8 pm aver-
age sortable silt). The upper section consists of ~12 irregular coarse
to fine cycles (smoothed record) with the lower interval spanning an-
other two. Cycles range from ~120 to ~250 cm in thickness with an
average period of ~8.5 k.y. in the upper section and 11.2 k.y. in the



LATE QUATERNARY TEXTURAL CHANGE

Figure 2. X-ray and CT-scans showing heavily biotur-
bated fabric of sediment at Site 1017. A. X-ray of Sam-
ple 167-1017E-2H-7, 60-68 cm (1465-1473 cmbsf)
showing bioturbated contact between turbidite sand
layer and underlying silty clay. Thin black stringers are
pyritized burrows. B-E. Bedding-parallel CT scans
showing variation in scale and orientation of burrows. B.
Sample 167-1017E-2H-4, 65 cm (1059 cmbsf). C. Sam-
ple 167-1017E-2H-4, 125 cm (1114 cmbsf). D. Sample
167-1017E-2H-6, 5 cm (1278 cmbsf). E. Sample 167-
1017E-2H-6, 75 cm (1342 cmbsf).

Table 1. Grain-size data from set LB and oxygen isotope data.

Site 893

Hole, Corrected 21-pt. Site 893 benthic

core, Interval Depth Depth  depth Age 21-pt. 21-pt. SS SS SS  21-pt.  d%0 83C  isotope O-iso
section (cm) (cmbsf) (mbsf) (cmbsf) (ka) Mean Median SD Mean SD SS mean median SD mean SS SD bulloides bulloides age PDB
1017E-

1H-1 0-3 1.5 0.015 1.4 0.064 1455 1291 8.496 1873 1692 772 0.051 2413

1H-1 3-6 4.5 0.045 4.3 0.197 1399 1244 8913 19.58 1827 7.22 0.280 2.577

1H-1 6-9 7.5 0.075 7.2 0.330 1856 16.13 11.750 2341 21.14 1030

1H-1 9-12 10.5 0.105 10.1 0463 1875 16.78 11.230 2277 20.56 10.00 0.556  2.348

1H-1  12-15 135 0.135 12.9 0.591 19.71 18.09 11.090 2339 21.72  9.74 0.828  2.333

IH-1  15-18 16.5 0.165 15.8 0.724 2799 27.24 13.240 29.89 28.84 1220 0.828

1H-1  18-21 19.5 0.195 18.7 0.857 27.50 26.73 13.980 3026  29.27 1240 1.117  2.391

1H-1 2124 225 0.225 21.6 0.989 28.08 27.89 13.790 30.72  30.04 12.20 1410  2.337

1H-1 2427 255 0.255 24.4 1.118 2256  20.60 13.240 26.45 2423 11.70 1.713  2.306

1H-1 27-30 285 0.285 27.3 1.251 1838 16.66 10.660 2253 20.82 9.14 2012 2.196

Notes: SD = standard deviation, PDB = oxygen and carbon isotopes with respect to PDB standard, SS = sortable silt. Oxygen isotope data from Kennett (1995) and Kennett et al.

(Chap. 21, this volume).

This is a sample of the table that appears on the volume CD-ROM.

lower part (Fig. 4). Stratification is poorly developed, and the cycles
expressed by variation in mean grain size and sorting are not visually
distinct or sharply bounded.

The degree of sediment sorting (as shown by the standard devia-
tion of the grain-size distribution) is inversely related to grain size
(Figs. 3, 4). Each coarser interval is associated with a corresponding
increase in the standard deviation of the grain size. The sediment is
best sorted near the top and bottom of the succession at ~0-220,
1900-1990, and 21602487 cmbsf (0-10 ka/Holocene, 97-102 ka/
MIS 5c, and 111-130 ka/MIS Se, respectively; Figs. 3, 4).

Set TU

Grain-size distributions of samples were analyzed to resolve the
relative contributions and modes of different grain-size components.
In particular, we focused on two intervals in the Holocene and MIS
3, including every other 3-cm increment (6-cm spacing). Most sam-
ples are unimodal or bimodal and have fine tails, allowing us to re-
solve the spectrum into two or three components with individual log
normal distributions (Fig. 5; see Tada et al., Chap. 25, this volume,
for details). The principal mode is located between 8 and 15 um (i.e.,
chiefly fine silt); lesser components have modes between 2 and 4 pm
(i.e., clay) and 39 and 73 um (coarse silt to very fine sand; Table 2).

The fine silt component makes up 59%—-86% of the samples by vol-
ume; clay, 5%-27%; and coarse silt, 0%—28%. The modes and con-
tribution of each of these components varies within the stated ranges.
The greatest variation is in the abundance of the coarse silt to fine
sand fraction, which covaries with the mean grain size (Set LB; Figs.
6, 7). This relationship suggests that the principal control of textural
variation at Site 1017 is the presence or absence of the coarse silt
fraction.

Superimposed on the larger scale trends and meter-scale cycles
are decimeter-scale oscillations in mean grain size, standard devia-
tion, and the contribution of the coarse silt fraction. These cycles and
the negative correlation between grain size and “sorting” are well il-
lustrated in two expanded profiles through the Holocene and part of
MIS 3 (Figs. 6, 7). Recognition of the bimodal or trimodal grain-size
distribution demonstrates that a larger standard deviation does not re-
flect the degree of sediment sorting but, instead, the relative abun-
dance of the three grain-size components.

DISCUSSION

Orbital, suborbital, and higher frequency (millennial) variation is
clearly exhibited by fluctuations in mean grain size, sorting, and pro-
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portions of the grain-size fractions. An ~10,000-yr cyclicity is most
strongly shown throughout the succession by changes in grain-size
sorting. In general, grain size decreases and sorting increases (stan-
dard deviation decreases) during warmer intervals (low 8'0O of
planktonic foraminifers) with higher sea level. Clearly, sedimenta-
tion at Site 1017 was strongly influenced by climatic and oceano-
graphic oscillation, yet the exact mechanisms are not easily resolved.
Below, we discuss some of the oceanographic and bathymetric con-
straints and lines of evidence important to consider in the interpreta-
tion of the late Quaternary record.

The slope setting (955 m) of Site 1017 is bounded upslope to the
north by the Santa Lucia Bank and to the northeast by the continental
shelf, and downslope to the south by the Arguello Submarine Canyon
and to the east and southeast by a series of upper slope feeder canyons
(Fig. 1). Siliciclastic sediments, which dominate this setting (Lyle,
Koizumi, Richter, et al., 1997; Tada et al., Chap. 25, this volume), are

258

1214 16 18 20 22 24

91011 1213141516 18 20 22 24 26 28 30 8 9 101112 13 4 183 2
Standard deviation =~ SS Mean grain size  SS Standard deviation 5§70
(um) (um) (um) benthics

derived from riverine sources in the Santa Ynez, Santa Maria, and
Big Sur regions of the California coast (Irino and Pedersen, Chap. 23,
this volume). Neritic sediment transport in the coastal zone and outer
shelf is to the south under the influence of littoral drift and the equa-
torward-flowing California Current, respectively. Frequent, volumet-
rically minor, graded sand layers at Site 1017 indicate that some tur-
bidity currents flowed directly down the slope or spilled out of the
Arguello Submarine Canyon and its feeder system to flow over the
southern Santa Lucia Slope. These coarse-grained turbidites are con-
centrated within two intervals between 320 and 510 cmbsf and 1390
and 1470 cmbsf, which were deposited during the MISs 2 and 4 low-
stands. The ultimate source of the coarsest sediments is the nearshore
region to the north and northeast (Big Sur and Santa Maria areas;
Trask, 1952) where sands of similar composition can be found (in-
cluding beach lag deposits nearly identical to a remarkable heavy
mineral-, zircon-, and spinel-enriched sand layer present at 507
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Figure 5. Examples of bimodal grain-size distribution resolved into two or
three components with log normal distributions. The abundance and position
of the modes of each component vary through the stratigraphic succession.

cmbsf in Hole 1017E). The elemental composition of even the finest
silt and clay fraction of the sediment deposited during MISs 2 and 4
lowstands has a distinctly mafic provenance, most likely from the
Mesozoic Franciscan Complex that outcrops along the central Cali-
fornia coast north of Site 1017 (Irino and Pedersen, Chap. 23, this
volume). Longshore transport of sand from the north was increas-
ingly diverted into the feeder canyons adjacent to Site 1017 (Fig. 1)
during intervals of lower sea level and prevented from continuing on
into the Santa Barbara Basin to the east (Behl, 1995) as it does during
the present highstand.

In addition to the southward (equatorward) flow and transport due
to the California Current (0—500 m depth) and shallow littoral cur-
rents, the margin is also influenced by the poleward-flowing Califor-
nia Undercurrent (Hickey, 1979). In modern studies, this current is
strongest at 150-300 m water depths with peak speeds ~30-50 cm/s.
During winters and other periods of low equatorward wind stress, the
countercurrent’s flow can extend all the way to the seafloor (~1000
m), albeit at lower velocities (Ramp et al., 1997). A deeper (~300-
500 m) and weaker, seasonal equatorward undercurrent also flows
over the continental slope as part of the California Current system
(Hickey, 1998). At present, the highest velocity flows in both under-
currents are considerably shallower than the seafloor at Site 1017
(955 m), but it is possible that these oceanic currents may have influ-
enced sediment transport and sorting at Site 1017 in the past. This
could have occurred either directly, by expansion or deepening of the
undercurrents to the seafloor at 1000 m, or indirectly, by resuspend-
ing and transporting sediment initially deposited upslope from this
site. Both undercurrents can be disrupted and even reversed by large
cyclonic and anticyclonic eddies offshore of northern and central
California that may reach the seafloor in water as deep as 2000 m
(S.R. Ramp, pers. comm., 1998).

LATE QUATERNARY TEXTURAL CHANGE

Textural variation in the stratigraphic succession at Site 1017 was
possibly influenced by either (1) the effects of sea-level fluctuation
on offshore transport in the manner postulated and documented by se-
quence stratigraphers (e.g., Wilgus et al., 1988; Van Wagoner et al.,
1990), (2) by fluctuation in the strength of bottom currents passing
over the continental slope (Hollister and Heezen, 1972), or (3) by
both. If grain size on the Santa Lucia Slope was primarily controlled
by current action (i.e., coarser intervals are contourites), then both
mean grain size and sediment sorting should be positively correlated
(McCave, 1985). As current strength increases, so should grain size
and sorting as the finer fraction of the noncohesive “sortable silt” is
resuspended and removed, leaving behind a narrower spectrum of
coarser silt and/or fine sand (McCave et al., 1995). This is not the
case for the upper Quaternary succession at Site 1017, where grain
size is negatively correlated with sorting, in which larger mean diam-
eter is almost always associated with a greater standard deviation
(poorer sorting). This relationship is explained by inspection of the
relative contributions and modes of the two or three distinct compo-
nents resolved from deconvolution of the grain-size distributions
(data set TU). These grain-size spectra show that samples with
coarser mean grain sizes are more poorly sorted, chiefly because of
the presence of the coarse silt component (Fig. 5).

If sea level was the primary control of textural variation at Site
1017, then increased grain size may reflect enhanced resuspension
and transportation off a narrowed and shallower shelf during times of
lowered sea level (i.e., MIS 3 stadials and MISs 2, 4, and 6). In-
creased quantities of sediment could have been transported more or
less directly downslope by nepheloid plumes and turbidity currents
with some deflection by contour-following undercurrents. An alter-
nate possibility is that off-shelf sediment transport was primarily
routed through the feeder canyons to the east and southeast into the
Arguello Submarine Canyon (Fig. 1). Hyperpycnal flow (possibly
fed by suspended sediments from the Santa Ynez River) or low-
density turbidites could easily ride up the right bank of the canyons
(Mulder and Syvitski, 1995; Normark et al., 1998) and blanket the
southern Santa Lucia Slope with fine-grained deposits. In both sea-
level related scenarios, grain size and sorting on the slope would be
modified primarily by the addition of the coarser silt fraction from
shelfal regions to the finer hemipelagic sediments of the upper slope.
Either mechanism could produce the thin intervals of faint silty lam-
inations or sand layers that are intermittently present in this strati-
graphic sequence (Tada et al., Chap. 25, this volume). The impor-
tance of sea level is also indicated by the observation that the finest
mean grain size and best sorting (lowest standard deviation) corre-
sponds to the highest sea level of this interval ~130-120 ka (Neu-
mann and Hearty, 1996). Elemental geochemistry by Irino and Ped-
ersen (Chap. 23, this volume) indicates increased contribution of ma-
fic and ultramafic components to the sediment during the last glacial
maximum compared with MIS 1 (Holocene). We, too, find trace
amounts of augite and uvarovite (a Cr-rich garnet)—two minerals as-
sociated with mafic and metamorphic (serpentinite) components of
the Franciscan Formation that outcrops in the central Californian Big
Sur region (Trask, 1952; Fig. 1)—consistently present in the coarse
and fine silt fractions of samples taken from coarser intervals, but
only rarely present in the coarse silt fractions of samples from finer
intervals and never in their fine silt fraction. These data support the
hypothesis that the coarser sediments represent increased downslope
transport from the central Californian coast.

It is possible that individual grain-size components, especially the
fine and coarse silt fractions, are not derived from different sources
(i.e., shelf turbidites vs. hemipelagic sediment) but may represent ep-
isodic differences in the strength of bottom currents. Because each
sample spans ~150-yr accumulation, the grain-size spectra may inte-
grate sediments deposited under entirely different flow conditions. In
this scenario, the coarse silt component would represent deposition
during higher than average current flow rates. Although variability in
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Table 2. Grain-size data from set TU presented as modes and percentages of the three resolved fractions.

Corrected

Depth depth Age Fine Medium Coarse Percentage Percentage Percentage

(mbsf) (cmbsf)  (ka) mode mode mode fine medium coarse
10.5 10.1 0.5 32 12.7 60.3 122 65.9 21.9
16.5 15.8 0.7 33 14.9 58.2 10.0 71.0 19.0
22.5 21.6 1.0 2.9 13.3 59.7 9.9 68.6 21.5
28.5 27.3 1.3 2.9 12.7 58.4 10.5 71.1 18.4
345 33.0 1.5 3.0 132 60.0 11.1 68.2 20.7
40.5 38.8 1.8 3.4 13.6 57.1 12.8 64.5 227
46.5 44.5 2.0 3.0 12.7 59.4 114 69.6 19.0
52.5 50.3 2.3 3.0 13.1 56.6 10.8 70.4 18.8
58.5 56.0 2.6 3.0 12.9 57.1 11.2 73.1 15.7
64.5 61.8 2.8 3.6 13.3 57.0 13.8 64.6 21.6

This is a sample of the table that appears on the volume CD-ROM.

Corrected depth (cmbsf)

20 22 24 26 28 30
SS Mean grain size  SS Standard deviation

(um) (um)

8 9 10111213 0 5 10 15 20 25
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Figure 6. Expanded presentation of Holocene (MIS 1) succession, 0-200
cmbsf (~0-9 ka). A. Mean grain size of sortable silt (SS) (10-63 um). B.
Standard deviation of sortable silt (10-63 pm). C. Percentage coarse silt to
fine sand component of set TU.

the location, persistence, and size of mesoscale eddies along the Cal-
ifornia margin may have produced significant variations in deep geo-
strophic flow (e.g., the “benthic storms” of Hollister and McCave,
1984), we do not know why contour current flow would be so dis-
tinctly bimodal as to produce separate grain-size classes instead of
varying continuously over a range of velocities.

CONCLUSIONS

Siliciclastic sedimentation at Site 1017 on the southern slope of
the Santa Lucia Bank, central California margin, responded closely
to paleoceanographic and paleoclimatic change over the past ~130
ka. The ~25-m-thick succession from Hole 1017E displays Milanko-
vitch-band to submillenial-scale variation in mean grain size and sed-
iment sorting. Cycles with ~10,000-yr periodicity are the most prom-
inent alternations in the record. Mean grain size of the “sortable silt”
fraction (10-63 pm) ranges from 17.6 to 33.9 um (average 24.8 um).
Much of the sediment is bimodal or trimodal and composed of fine
silt (mode between 8 and 15 pum), coarse silt to fine sand (mode be-
tween 39 and 73 pm), and clay (mode between 2 and 4 pm) compo-
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Figure 7. Expanded presentation of part of MIS 3 succession, 700-900 cmbsf
(~31-41 ka). A. Mean grain size of sortable silt (SS) (10-63 pm). B. Stan-
dard deviation of sortable silt (10-63 um). C. Percentage coarse silt to fine
sand component of set TU.

nents. The position of the mode and the sorting of each component
changes through the succession, but the primary variation is in the
presence or abundance of the coarse silt fraction. This component is
the key variable controlling the overall mean grain size and sorting of
the entire sample. The occurrence of the best-sorted, finest grained
sediment at highstands of sea level (Holocene; MISs 5c and Se) re-
flects the linkage between global climate and the sedimentary record
at Site 1017. Coarser sediments with geochemical and mineralogic
indications of a Franciscan provenance are associated with sea-level
lowstands. It is still unclear how much of the overall variation in
grain size and sorting is caused by changes in the relative contribu-
tion of shelfal export vs. hemipelagic sedimentation or by variations
in bottom current strength and in situ hydrodynamic sorting.
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