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Chapter 2 Methods and Parameterizations i o

(assuming 0 cm = 0 ky B.P.). Thus, this core chronology is a best estimate for the

studied interval and cannot be considered as yielding exact ages. This cautionary note

acknowledges one of the uncertainties regarding age resolution when considering core

chronology between closely spaced age horizons described by Francois et al. (2004).

Another caveat regarding the MAR method for estimating sediment flux, which this

study addresses in more detail, is that it does not distinguish whether the sediment input

was vertical or horizontal.

2.5.3 Thorium-230 Isotope vs. MAR Proxy

The production of Thorium-230 (half-life = 75.2 ky) is from the decay of the

conservative element Uranium-234 in seawater. Th-230 is insoluble in seawater and is

readily adsorbed by settling particles in the water column (Bacon and Anderson 1982).

Theoretically, the amount of Thorium-230 scavenged to the seafloor should equal the

known amounts produced by the decay of Uranium-234 in the water column for a known

time period and is thus useful in estimating the vertical flux of particles to the sea floor

(Brown et al. 2002). In practice, observed Thorium concentration in sediments which

deviate from the known production rate is accounted for by the sediment redistribution

(Paytan et al. 2004). The total vertical flux is calculated as (Bacon and Anderson 1982);

prFv-bulk = P*z/ xs230Th(0) (2.7)
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where P is the production of Th-230 from U decay in the water column (0.0267 dpm

m3y'), z is water depth (m), and xs230Th(o) is the decay corrected excess of Thorium

activity of the sample (dpm/g).

Various authors (Francois et al. 2004; Suman and Bacon 1989) have devised and

employed the parameter (vj/), termed the focusing factor, which identifies the ratio

between measured MAR and Th-230-based estimates of vertical mass flux where;

- MAR/prFv-bulk (2.8)

This ratio is assumed to gauge the relative amount of sedimentary material ending up on

the seafloor from vertical versus horizontal transport such that focusing factors exceeding

1 imply horizontal addition of sediment to the site. As a result, the focusing factor may

serve as a valuable proxy for estimating sediment removal through winnowing or, on the

other hand, sediment focusing during a particular interval ( Zabel et al. 2000).

Regarding the region of this study, debate concerning the accuracy of Th-230-

based vertical flux estimates has arisen5 (Francois et al. 2004; Paytan et al. 2004; Lyle et

al. 2005). Specifically, the latter two papers suggest that sediment focusing is

exaggerated by the dissolution of Th-230 in bed sediments. The dissolved Th-230 may

leak back into the water column in areas of slowly accumulating surface sediments and

then redeposit via particulate scavenging in areas of elevated vertical flux (Lyle et al.

2005). Furthermore, it has been suggested that Th-230 could be preferentially adsorbed

5 Kienast, S.S., Kienast,.M, Francois, R., Mix, A.C., Mollenhhauer G., Eglington, T.I., and S.E. Calvert
2005, submitted manuscript
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onto particles with high surface areas (Lyle et al. 2005), so its flux may be affected by

particle size distribution and packaging in the water column.













































Chapter 4 Discussion 42

10 n

t

i

&

iz
ed

 V
ol

um
e

(0

0z

O -i

1.

k A A A

I* A A

A A ±

A^^AV
A"

A AAA

A
A A

A A

A A A

A
A A A

DO 10.00 100.00

Grain Diameter (micrometers)

Figure 4.9 DIGS distribution plot for depths 106cm (green) and 88cm (red).
The spectrum produced from the difference between them in the >2um fraction
is shown with black triangles.

The variability in 'm' is easily recognized by the differences in the slopes of the

fine tails segments of the two DIGS spectra. The difference between them produces a

relatively well-sorted distribution with a modal value around 10 urn. Biogenic opal is the

frustules, or hard parts, of diatomaceous organisms, and smaller microscopic diatoms has

diameters in the range of 5 urn - 20 urn (Seibold and Berger 1993; Brown et al. 2002), so

a causal link is proposed. The correlation of 'm' and percent biogenic opal is caused by

variable addition of a well-sorted distribution of diatom frustules. This idea agrees with

the "size-composition slicing" parameter described by McCave et al. (1995) in

determining the proportions and size characteristics of the spectrum. These authors
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suggest that, in theory, a component subtraction method could be employed to yield the

size distribution of carbonate, opal, and terrigenous fraction. It should be cautioned,

though, that the structure of opaline frustules is delicate and fragmentation is common in

the water column and during burial. Furthermore, sample preparation procedure and

handling (Sect. 2.2) could have broken down the opaline tests. A distinction, then,

between intact frustules or fragments in the samples cannot be made. It is not within the

scope of this study to comment on the compositional or structural state of diatom tests.

Rather, in the analysis of grain size and their distribution in and between samples,

coarsening of sediments is attributed, in part, to the opal fraction.

Consider the difference between the two size distributions in Figure 4.9 as a

function of a compositional change in time. Let the sample at 106 cm equal Tj and the

sample at 88 cm equal T2. Based on the composition of the sediments in the core

described in Section 2.1, the inorganic and calcite free fraction of the samples consists

mainly of siliclastic material (L) and biogenic silica (Op). Since we can quantify the

change in percent opal, it is worthwhile to perform a simple exercise to explore the

covariate 'm' vs. percent opal relationship. To quantify the effect of a changing opal

fraction, consider the addition of particles >2 urn between the two depths (Fig. 4.9) in

terms of a change in time (T) of the total normalized volume percent (V) occupied by the

silt sized particles from Vi( TI) to V2 (12) where;

V, (T,) = L(Ti) + Op ,(T,) = 47.09 (4.1)

and

V2 (T2) = L(T2) + Op 2(T2) - 64.75 (4.2)
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Thus, from TI to T2 there is a 38 % increase in the total volume of silt sized particles.

The corresponding increase in percent opal (Op 2 - Op i) is 87 %. A similar calculation

was carried out for sample depths of 56 cm and 34 cm and yielded a 13 % decrease in

total volume of silt fraction accompanied by a 19 % decrease in percent opal. Because

these numbers are similar to within 1 order of magnitude and, as such, demonstrate a

simple quantification of the observed covariate relationship, it is feasible to attribute

some of the textural coarsening of the sediment sample to an increase in opal delivery to

the site.

Notably, the influence of the opal fraction on the DIGS distribution established in

this study is not accurate enough to definitely partition size spectra into terrigenous and

opal populations. The relative opal amount in the bulk composition is approximately 15

% and, as such, positioned close to the 10 % composition minimum for obtaining

quantitatively precise estimates (McCave et al. 1995). Also, the overlapping sizes

between the terrigenous and diatom/sponge spicule fractions make it difficult to

distinguish between them. A sizing analysis with "compositional slicing" of bulk

(including the dominating carbonate fraction) EEP deep-sea sediments may provide

robust results and likely would offer insights into mass accumulation rates, productivity,

and lysocline variability.

The correlation between 'm' and percent biogenic opal breaks down for the 7 - ~1

ky B.P interval in the core (Fig. 4.8). One possibility for this departure is that a more

gradual correlation may exist, similar to that of the 31 - 21 ky B.P interval, but is not yet

resolved in time. This seems unlikely based on a several factors. First, changes in 'm'
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coeval with changes in percent opal are exhibited on significantly shorter time scales in

other parts of the core. Covariations of 'm' and percent opal in the rest of the core have

periods of ~2 ky and thus a 6 ky interval should produce, in the least, a loose correlation.

Second, excluding the single spike at ~2 ky B.P, the Holocene values of 'm' remain quite

stable while opal enrichment takes place. The latter point illustrates, most clearly, the

complexity of the decoupling between 'm' and percent opal after 7.5 ky B.P.

If it is accepted that an addition of opal coarsens the sample, logic follows that

while enrichment in opal takes place but sediment texture remains the same, then some

population of certain grain sizes in the pre-7.5 ky B.P interval must have been removed.

As well, an addition of finer grains would produce the same end result. One possibility is

that the current intensity, as discussed in the previous sections, played a role in fining the

Holocene sediments. This would suggest a relatively slower and stable current regime to

produce higher clay-to-silt ratios not observed in the top of the core (Fig. 4.4.). Although

the 1-15 ky B.P interval is characterized by a regime with a slower background current,

the scenario fails because flow variability during this period is assumed to have caused

frequent events of erosion thereby advecting finer material away from the site. So if it is

not an issue of hydrodynamic removal, per se, then another possibility is that coarser

material in the pre-7.5 ky B.P period was not delivered to the site at all. Recall from

Section 2.4.3 that 'm' describes the size distribution of the parent material. The dominant

modes of delivery for such hemi-pelagic materials to the ocean are either by glacial,

fluvial or wind-driven agents of transport (Seibold and Berger 1993). Based on time and

latitude, direct delivery of sediments by glaciers to the site is unlikely. Fluvial delivery is

viable but is hard to constrain both in time and space when considering the abyssal
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location and inferred hydrodynamic regime at the core site. Wind transport, however,

can move fine material, and can vary on relatively short time-scales (Seibold and Berger

1993). For example, Anderson et al. (2006) delineate several features concerning

terrestrially-derived aerosol delivery to the Equatorial Pacific: (1) dust in the sediment

samples is compositionally similar to the hemi-pelagic sediments found in the coastal

areas off of northern South America, (2) eolian transport of fine lithogenic material to the

region has operated continuously, at least, since the LGM (~21 ky B.P) however, (3)

fluxes of aerosols to the Equatorial Pacific decreased from the LGM to the Holocene by a

range of 0.5 to a factor of 2 (Fig 4.10). Present day records of surface wind patterns off

of northern South America show a NWN flow direction (Stuut and Lamy 2004, and

references therein) in the general direction of the study site.




























