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ABSTRACT

The potential use of anhysteretic remanence/magnetic susceptibility (4 RM/X) to indicate the relative grain-size var-
iations of marine sediments is examined. Samples from Ocean Drilling Program (ODP) Hole 645C were measured for
low-field magnetic susceptibility at two frequencies (0.47 and 4.7 kHz), given an anhysteretic remanence using a peak
alternating magnetic (AC) field of 0.05 mT, and separated into the percentage sand, silt, and clay fractions. Results
show little frequency dependence of low-field magnetic susceptibility and a direct relationship betweem ARM/X and

clay concentration.

INTRODUCTION

This paper seeks to determine if rapidly measured rock-mag-
netic parameters can be used as proxy indicators of changes in
the size distribution of marine sediments. We refer to the size
distribution of the magnetic fraction as the “particle-size” dis-
tribution, whereas the overall size distribution of both the mag-
netic and nonmagnetic fraction is described as the “grain-size”
distribution.

King et al. (1982) demonstrated the utility of the ratio of an-
hysteretic remanence to magnetic susceptibility (ARM/X) as an
indicator of relative particle-size variations in magnetite. High
(low) ARM/X values indicate the presence of finer (coarser)-
grained magnetite particles. Magnetic minerals are subject to the
same processes that transport and deposit nonmagnetic minerals,
with the exception of environments where either in-situ deposi-
tion, e.g., by magnetotactic bacteria (Kirschvink and Chang,
1984; Petersen et al., 1986), or post-depositional dissolution by
reduction diagenesis (Karlin and Levi, 1983, 1985; Canfield and
Berner, 1987) are important processes. If in-situ deposition or
reduction diagenesis are not important, and the magnetic min-
erals and nonmagnetic minerals have a similar size distribution
in the source areas, then we hypothesize that variations in the
relative particle size of magnetic minerals will reflect similar
variations in grain size. King et al.’s results (1982) indicated that
the ARM/X technique should be useful for distinguishing vari-
ations in the proportion of fine to coarse material. Therefore,
we would expect to see the largest variations of ARM/X in sedi-
ments characterized by significant fluctuations in grain size.

Here, we report the results of an experiment comparing rela-
tive grain-size variations (percentages of sand, silt, and clay)
with ARM/X values obtained from samples from ODP Hole
645C. We chose Hole 645C because (1) the dominant sedimen-
tary processes are ice rafting and direct settling through the wa-
ter column, (2) the source of the sediment is confined to the sur-
rounding continental areas (Canada and Greenland), and (3) sedi-
mentary sequences consist of alternating coarse-grained (sandy
muds and muddy sands) with fine-grained (silty-muds and muddy
silts) units. A relationship between these units and whole-core
magnetic susceptibility has been established (Srivastava, Arthur,
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et al., 1987; Hall and King, this volume). Furthermore, neither
in-situ production nor post-depositional diagenesis of magnetite
are likely to be important processes in the sediments studied
from Hole 645C.

Foraminiferal tests are important components of these sedi-
ments. The particle-size distribution of the magnetic compo-
nent should reflect terrigenous influx. However, the sediments
also have a high concentration of detrital CaCO;. Grain-size
analyses include foraminiferal tests because their removal will
alter the grain-size distribution of the terrigenous component.
Magnetic mineral separations are now being performed on these
samples to determine the composition and size distribution of
the magnetic fraction.

METHODS

Low-Field Magnetic Susceptibility and ARM

Low-field magnetic susceptibility (X) was measured using a Bar-
tington Instruments dual-frequency susceptibility meter. We measured
the samples at two frequencies: 0.47 kHz (low frequency) and 4.7 kHz
(high frequency). The frequency dependence of susceptibility of these
samples was calculated by the expression:

X1/ X047

Anhysteretic remanence was applied along the y-axis of the samples,
using a peak alternating magnetic (AC) field of 100 mT (1000 Oe) and a
DC field of 0.05 mT (0.5 Oe). Sample intensity was measured using an
SCT three-axis cryogenic magnetometer.

Grain Size

Sand, silt, and clay percentages were determined gravimetrically for
samples treated with neutralized, concentrated hydrogen peroxide to re-
move organic matter and rinsed with distilled water to remove salt. The
sand fraction was isolated by wet-sieving, using a 62-um sieve. Silt and
clay fractions were separated by centrifuging. During fractionation, the
sediments were suspended in a sodium hexametaphosphate dispersant
solution, which was rinsed from the samples before determining their
weights. The sand, silt, and clay fractions were lyophilized to complete
dryness before measuring weights.

RESULTS

Data from these analyses are given in Table 1. Low-field
magnetic susceptibility and ARM data can be found in Hall and
King’s Appendix (this volume). ARM/X ratios were calculated
using X, 0.47

Figure 1 indicates the downhole variation of the grain-size
and rock-magnetic data. Areas of the graph represent percent-
ages of sand, silt, and clay. There is little frequency dependence
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Table 1. ARM and susceptibility data used in Figures 1 through 3. of low-field susceptibility. The lack of frequency dependence of
susceptibility indicates that super-paramagnetic particles are not
Core, section, Depth Sand Silt  Clay Hf/Lf common for sediments from Hole 645C. The rarity of super-
interval (cm) (mbsf) (%) () (%) ARM/X  susc. paramagnetic particles increases the validity of the ARM/X ratio
105-645C-1H-1, 12 0.12 64 325 6.1  11.98 1.00 for indicating relative particle size (King et al., 1982; Bloemendal
I1H-1, 20 020 58 333 609 8.70 0.99 et al., 1985). The results in Figure 2 indicate that ARM/ X varia-
1H-1, 30 0.30  19.0 37.8 43.2 4.12 0.99 tions are strongly positively correlated with clay concentration.
:::;g g';g ;g':; ;;; gi; :_'22 g:g Figure 3 shows the correlation between clay content and
1H-1, 60 060 321 425 255 0.74 1.01 ARM/X. Clay content is expressed as the percentage of clay
IH-1, 70 070 434 31.1 256 2.56 0.99 (Fig. 3A) and the ratio of the percentage of clay to the sand and
Ty gg g‘gg ;fg i;; ;g'i 4 percentage of silt (Yoclay/[Yesand + %osilt]; Fig. 3B). The %
IH-1. 100 1.00 171 335 494 555 099 clay/(% sand + % silt) ratio is used as a measure of the pro-
1H-1,110  1.10 04 288 70.8 9.01 0.97 portion of fine- to coarse-grained sediments. Both measures of
1H-1,120 120 302 192 506 5.32 0.98 ; 3 i i-
i1 I8 30° %e s 196 100 c!ay content correlate highly with ARM/X. Correlation cgefﬁ
1H-2, 10 1.60 465 314 221 2.13 1.00 cients are 0.7698 for %o Clay, and 0.8057 for % Clay/(";o silt +
1H-2, 20 .70 223 293 484 4.44 0.98 % sand). Correlation coefficients were determined using a Texas
1H-2, 31 1.81 164 381 45.6 37 0.99 Instruments TI-59 programmable calculator.
1H-2, 40 190 166 43.6 39.8 2.44 0.99
1H-2, 60 210 284 404 312 2.13 0.99
1H-2, 70 220 179 435 386 1.80 0.98 CONCLUSIONS
1H-2, 80 230 301 399 300 1.93 0.99 From these results, we conclude as follows:
1H-2, 90 240 337 394 27.0 2.00 0.99
1H-2,100  2.50 361 37.2 26.7 2.00 0.99 . RS
1H-2, 120 270 402 357 242 2.33 0.99 1. There is little frequency dependence of susceptibility in
1H-2,130 2,80 382 323 29.5 2.09 0.99 our samples, suggesting that super-paramagnetic grains are not
1H:3, 2 0 388 N2 280 203 0.9 common for sediments from Hole 645C, which increases the va-
1H-3, 10 3.10 330 352 318 2.55 0.99 At : g . ;
1H-3, 20 320 312 3117 N2 3.19 1.00 lldlty of the ARM/X ratio as an indicator of relative partlcle
1H-3, 30 330 308 380 312 3.02 1.00 size.
1H-3, 40 3.40 276 389 335 3.00 0.98 io i ful indicator of variations in
P %9 39 &3 B T 555 : 2. The ARM/X ratio is a useful indicator o 5
1H-3, 80 3.80 301 406 29.3 280 0.9 clay content.
1H-3, 90 390 40.6 341 253 2.80 1.00
1H-3, 100  4.00 4.6 429 525 4.03 0.98
1H3,110 410 105 394 50.1 460 099 ACKNOWLEDGMENTS
1H-3,130 430 39.6 353 252 1.57 1.00 . ; B
3HL 0 1400 347 375 278 214 0.99 This project was funded by JOI USSAC POs 76322 and 1892-B05.
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3H-3, 124 18.24 314 27.1 415 2.19 0.99 Ms 105B-149
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Note: The values for ARM and susceptibility can be found in Hall and King
(this volume).
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Figure 1. Depth vs. percentage of sand, silt, and clay, ARM/X, and X, 47/X4 7. The area beneath the
curves represents the percentages of sand, silt, and clay. ARM/X values follow the trend of the percent-
age of clay. There is no apparent frequency dependence of susceptibility, which indicates that super-
paramagnetic particles are not abundant.
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Figure 2. ARM/X and percentage of clay vs. depth, showing that ARM/X is posi-
tively correlated with variations in the percentage of clay downhole.
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Figure 3. ARM/X vs. clay content, showing an apparent linear trend between ARM/X and clay content in Hole 645C.
A. ARM/X in terms of percentage of clay. B. ARM/X in terms of percentages of clay/(sand + silt). Correlation coefficients
also are plotted.
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