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Does lithology influence relative paleointensity records?
a statistical analysis on South Atlantic pelagic sediments
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Abstract

The relative paleointensity (RPI) method assumes that the intensity of post depositional remanent magnetization (PDRM)
depends exclusively on the magnetic field strength and the concentration of the magnetic carriers. Sedimentary remanence
is regarded as an equilibrium state between aligning geomagnetic and randomizing interparticle forces. Just how strong these
mechanical and electrostatic forces are, depends on many petrophysical factors related to mineralogy, particle size and shape of the
matrix constituents. We therefore test the hypothesis that variations in sediment lithology modulate RPI records. For 90 selected
Late Quaternary sediment samples from the subtropical and subantarctic South Atlantic Ocean a combined paleomagnetic and
sedimentological dataset was established. Misleading alterations of the magnetic mineral fraction were detected by a routine Fe/�
test (Funk, J., von Dobeneck, T., Reitz, A., 2004. Integrated rock magnetic and geochemical quantification of redoxomorphic
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ron mineral diagenesis in Late Quaternary sediments from the Equatorial Atlantic. In: Wefer, G., Mulitza, S., Ratm
Eds.), The South Atlantic in the Late Quaternary: reconstruction of material budgets and current systems. Spring
erlin/Heidelberg/New York/Tokyo, pp. 239–262). Samples with any indication of suboxic magnetite dissolution were e

rom the dataset. The parameters under study include carbonate, opal and terrigenous content, grain size distributio
ineral composition. Their bi- and multivariate correlations with the RPI signal were statistically investigated using

echniques and criteria. While several of the parameters did not yield significant results, clay grain size and chlorite
eakly and opal, illite and kaolinite correlate moderately to the NRM/ARM signal used here as a RPI measure. T

nfluential single sedimentological factor is the kaolinite/illite ratio with a Pearson’s coefficient of 0.51 and 99.9% signi
three-member regression model suggests that matrix effects can make up over 50% of the observed RPI dynamic
2004 Elsevier B.V. All rights reserved.

eywords:Relative paleointensity; PDRM; Sediment lithology; Statistical analysis; South Atlantic

∗ Corresponding author. Tel.: +49 421 218 8922;
ax: +49 421 218 8671.

E-mail address:cfranke@uni-bremen.de (C. Franke).
RL: http://www.geophysik.uni-bremen.de/,
ttp://www.geo.uu.nl/∼forth (C. Franke).

1. Introduction

High-resolution records of the paleointensity
the Earth’s magnetic field have been successfully
tained from marine (Roberts et al., 1997; Valet a
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Meynardier, 1993; Tauxe and Shackleton, 1994) and la-
custrine sediment (Creer and Morris, 1996; Nowaczyk
et al., 2001) sequences. These so-called ‘relative pale-
ointensities’ (RPI) are determined by normalizing the
natural remanent magnetisation (NRM) by the con-
centration of the magnetic carriers, quantified by pa-
rameters such as anhysteretic remanent magnetization
(ARM), isothermal remanent magnetization (IRM)
or magnetic susceptibility (�) (Verosub, 1977; Kent,
1982; Tauxe, 1993).

The most widely accepted relative paleointensity
reference for the last 800 kyr is the Sint-800 record
(Guyodo and Valet, 1999), a global composite of 33
marine records. The RPI records used for this stack
correlate well with each other, but not with paleocli-
mate, and therefore seem to carry a nearly unbiased
paleointensity signal. However, on a global scale, very
little sediments show such coherent patterns in RPI.
In practice, many RPI records routinely obtained from
pelagic sediments deviate partly or fully from Sint-800
for mostly unknown reasons. Regionally confined sets
of RPI records with similar lithology typically match
considerably well internally, but may correlate poorly
to records of different origin and composition (Tauxe
and Wu, 1990). In some cases, rock magnetic and di-
agenetic effects are responsible, but it has also been
observed that the lithology of the sediment matrix ap-
pears to have an influence on the character of the RPI
signal (Creer and Morris, 1996).
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slope of the Mid-Atlantic ridge receive mainly eolian
magnetic mineral input from Patagonian sources
(Schmieder et al., 2000) and therefore carry similar
magnetic mineral inventories. A detailed environmen-
tal magnetic study of this region by Hofmann and
Fabian is in preparation. Characteristic differences
between the RPI values should therefore reflect the
influence of the sediment matrix on magnetic particle
alignment.

Extensive sedimentological data were collected for
a total of 90 samples from six Late Quaternary sed-
iment series. The sediment matrix was characterized
with respect to lithology and grain size. Using bi- and
multi-variate statistics, we challenge the prevailing
working (and ‘null’) hypothesis that the mentioned
sediment characteristics have no influence on PDRM
intensity. In more mathematical terms, we investigate,
whether RPI records can be expressed as a product
of paleofield intensity, magnetic carrier concentration
and a specific ‘lithology factor’ introducing the
influence of the sediment matrix.

2. Material and methods

The proposed paleomagnetic and sedimentological
investigations require undisturbed oxic sediments with
differing lithologies, but a common field history, hence
a narrow spatial distribution. For the deposits of the
selected investigation area, the subtropical and sub-
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l. (1990) and Lu (1992) have shown that cla
ineralogy and pore water salinity strongly aff
DRM intensity. Lower RPI values result from high
lay mineral, in particular kaolinite, concentration
ell as from higher salinity. The authors explain

nfluence of mineral-dependent surface charges
nterparticle forces on magnetic particle alignmen

so-called ‘heterocoagulation model’.
Here, we take an analytical and statistical appro

o investigate the importance of such ‘matrix effe
nder natural conditions. RPI data from various de
ea sediments that were sampled across the fr
ystems of the subtropical and subantarctic S
tlantic are compared. The six sites are region
o well confined, that they should have experien
he same paleofield history, in particular if a (fa
mall) dipole based latitudinal correction is appl
hese very continent-far locations on the wes
ntarctic South Atlantic, all these conditions are larg
ulfilled.

The material originates from the western slope
he Mid-Atlantic Ridge (MAR) between 44–32◦S and
5–22◦W and was taken by gravity coring duri

he R/V Meteor Cruise M 46/4 (Collaborative R
earch Center 261, University of Bremen) in Ma
000 (Fig. 1). Six out of 29 recovered sediment co
Table 1) from water depths of 3500–4300 m we
elected on basis of their distinct physical prope
porosity, p-wave velocity, magnetic susceptibility a
olor reflectance) investigated by shipboard logg
echniques (Wefer et al., 2001). According to shipboar
ore descriptions (Wefer et al., 2001), all sediment se
ies appear to be free from disturbances such as
r turbidities. Due to a strong southwards increas
rimary productivity, there is a tenfold N–S increas
edimentation rate (0.43–4.56 cm/kyr) from the o
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Table 1
Core information

Core Longitude (S) Latitude (W) Water depth (m) Core length (m) Sedimentation rate (cm/kyr)

GeoB 6428-1 32◦30.60 24◦14.91 4015 7.26 0.43
GeoB 6425-2 33◦49.51 23◦35.24 4352 10.73 1.05
GeoB 6422-1 35◦42.45 22◦44.01 3972 5.32 1.77
GeoB 6407-1 42◦02.70 19◦30.00 3384 5.36 1.76
GeoB 6405-6 42◦00.00 21◦51.19 3862 11.94 4.56
GeoB 6408-4 43◦00.00 20◦26.46 3817 10.55 3.77

otrophic subtropical to the mesotrophic subantarctic
South Atlantic.

The six selected cores fall into three different litho-
logical categories; the two northernmost cores from
the oligotrophic subtropics (GeoB 6425-2 and 6428-
1) have elevated clay mineral contents. The two cores
at the subtropical front (GeoB 6407-1 and 6422-1)
mostly contain calcareous nannofossil ooze with some
foraminifers due to higher primary productivity. The
two southernmost cores (GeoB 6405-6 and 6408-4) are
under influence of the subantarctic front and have an
additional siliceous component contributed by diatoms.
In the following, these three sediment types are called
clay bearing, foram bearing, and diatom bearing nan-
nofossil oozes. A total of 90 discrete samples, about 15
per core, were taken from maxima and minima of the
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marine isotope stages 2–8, always from matching age
positions back to 280 ka.

The age models of the two northernmost sediment
cores GeoB 6425-2 and GeoB 6428-1 (Schmieder,
2004) were based on a correlation of susceptibility�
to the ‘Subtropical South Atlantic Susceptibility Stack’
(SUSAS) established byvon Dobeneck and Schmieder
(1999). The age models of cores GeoB 6405-6, GeoB
6407-1, GeoB 6422-1 and GeoB 6408-4 depend on
a multi-parameter correlation (Hofmann et al., in
preparation) of � and element logs, which were tied to
the SUSAS and SPECMAP stack (Imbrie et al., 1984).
The maxima and minima of the susceptibility signal
follow Quaternary climate cycles and correlate very
well with available�18O isotope records (Donner, un-
published data).

The total carbonate content (M̈uller, unpublished
data) was determined with a Herateus CHN-O-RAPID
element analyzer (Weser, 1983). Carbonate content
ranges between 6.4 and 86.3 wt.% and is the major
matrix component in all investigated sediments. Bio-
genic opal was analyzed by the automated wet leaching
method ofMüller and Schneider (1993)and reaches up
to 17.7 wt.%. The mineralogy of the clay size fraction
of our selected sediment samples was investigated by
X-ray powder diffraction. Texture preparations of the
centrifuged, decalcified and dried sediment were an-
alyzed in a Phillips PW 1820 diffractometer (Co K�)
and modeled with the Mac Diff 4.2.3 computer program
by Petschick (2000). Iron and other element contents
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ig. 1. Core locations in the subtropical and subantarctic Sout
antic on the western slope of the Mid-Atlantic Ridge. Sedimenta
onditions are controlled by the frontal systems.
ere identified with an automated X-ray fluoresce
alf-core (XRF) scanner (Jansen et al., 1998). Relative
lement concentrations are given in counts per se
ith a range from potassium (K) to iron (Fe) (Röhl and
brams, 2000).
Grain size distribution was analyzed on ultras

ally resuspended wet bulk sediment using a Fr
conomy Analysette 22 laser particle sizer (Fritsch,
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1994). This quick method yields a good representation
of the fine sand and silt fraction, but systematically un-
derestimates the submicron clay fraction (Konert and
Vandenberghe, 1997). As this effect regards all sedi-
ments in a similar way, the obtained grain size fractions
should nevertheless be valuable for differentiation.

For a combined paleo- and rock-magnetic analysis
(Hofmann and Fabian, in preparation), NRM, IRM and
ARM AF demagnetization curves were measured on
cubic samples at 5 cm spacing using an automated 2G
Enterprises 755 R pass-through cryogenic magnetome-
ter. The issue of the best available NRM standardizer
for paleointensity estimates has been widely discussed
(Tauxe, 1993; Tauxe, 1995; Levi and Banerjee, 1976).
IRM represents the concentration of all magnetic grain
sizes. Susceptibility additionally includes the dia- and
para-magnetic fraction. ARM, like PDRM, is linked to
the fine magnetic particle spectrum as indicated by their
similar coercivity spectra. In this study the RPI signals
of the sediment samples were calculated by normal-
izing NRM with ARM after a 20 mT AF treatment to
remove viscous overprints. The alternative normalizers
yield similar signals except for core GeoB 6407-1.

Early diagenetic magnetite dissolution proceeds
even under mildly suboxic conditions (Karlin and Levi,
1983; Canfield, 1989; Leslie et al., 1990). It affects es-
pecially the finest magnetite particles, the main carriers
of PDRM, and leaves an imprint on the RPI records. Di-
agenetically affected core sections had to be excluded
for the purpose of this study. They were identified by the
m
a
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m ar-
t The
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rationale of this index is the diminution of the magnetic
susceptibility� relative to iron content caused by the
diagenetic transformation of (ferric) ferrimagnetic into
(ferrous) paramagnetic iron.

The Fe/� plateau values of the investigated sedi-
ment cores increase by a factor of three from North to
South (Franke, 2002). Two different Fe/� levels were
therefore applied to a northern (GeoB 6422-1, 6425-1,
6428-1) and southern (GeoB 6405-6, 6407-1, 6408-4)
core group (Fig. 2), below which samples are consid-
ered as unaffected by reductive diagenesis. According
to this criterion, more than one third of originally 90
samples gave subtle to pronounced indication of iron
mineral reduction and was excluded from further con-
sideration.

3. Results

The sedimentological characterization of the
samples was based on analyses of the major com-
ponents, grain size distribution and clay mineralogy.
Ranges, means and N–S trends of all investigated
parameters have been compiled as box-and-whisker
plots inFig. 3a–c. Foraminiferal and coccolithophorid
carbonate make up 45–85% of the four northernmost
cores and is complemented by terrigenous silicates
(Fig. 3a). Temporal downcore variations are related
to glacial-interglacial changes of the calcite lysocline
(Schmieder et al., 2000). Near the subantarctic
f and
g and
a ms
a size
c the
agnetite dissolution index Fe/� proposed byFunk et
l. (2004). Stable plateau values of Fe/� throughout the
ediment column are indicative of unaltered magn
ineralogy, while locally elevated values indicate p

ial magnetite losses due to reductive dissolution.

ig. 2. Sample rejection based upon partial magnetic minera
ncreasing Fe/� plateau values from N to S, two separate thresh
lution according to regional Fe/� criterion (Funk et al., 2004). Due to
ues for the northern and southern core group were chosen (da

ront, carbonate contents decrease 20–55%
ive way to a much higher terrigenous content
dditional siliceous components, mainly diato
nd radiolarians. In terms of the standard grain
lassification 55–85% of the sediment falls into
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Fig. 3. Univariate box-and-whisker plots of (a) major components, (b) grain size distribution (c) clay mineralogy for the discrete samples from
N to S. The boxes represent the median value and interquartile range; the whiskers mark the total data range.

silt fraction (2–63�m), while sand (>63�m) and clay
(<2�m) are subordinate (Fig. 3b). The terrigenous
clay size fraction is higher in the subtropical than in
the subantarctic zone. Winnowing effects explain the
relatively high sand content at the shallowest site GeoB
6407-1 exposed to bottom-current erosion. The clay
mineral analysis yields relative contents of the clay
mineral groups smectite, illite, chlorite and kaolinite.
Smectite and illite are the dominant phases and provide
some 60–80% of the total content (Fig. 3c). In the
subtropical zone, both minerals are nearly equally rep-

resented. The subantarctic region is characterized by
a lower smectite and higher illite and chlorite content.
Chlorite and kaolinite are subordinate, where chlorite
is approximately twice as common as kaolinite. A
source area and transport pathway of the clay minerals
was investigated byPetschick et al. (1996).

All lithological parameters described above con-
tribute to the sedimentary fabric and could be influ-
ential on PDRM acquisition. The dependency of the
RPI values on each individual parameter was assessed
on basis of a linear bivariate correlation analysis (Swan
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and Sandilands, 1995). We take the standard approach
in geostatistics and use Pearson’s product-moment cor-
relation coefficient

rxy =
∑n

i=1(xi − x̄)(yi − ȳ)

(N − 1)sxsy

where xi are the independent sedimentological
parameters,yi the RPI values, ¯x andȳ their respective
means,sx and sy their standard deviations andN

F
c
a
(
c

the size of the statistical sample. The significance of
any determinedrxy value, which may range from 0
(uncorrelated) to±1 (strictly linearly dependent), is
controlled by the extent of the relationshipr and by
the number of casesN contributing to the analysis.
The test statistics for significance of the correlation
coefficient,

t = r

√
N − 2

1 − r2
ig. 4. Biplots of NRM20mT/ARM20mT vs. (a) carbonate, (b) terrigenou
oefficientsr, the probabilitiesp for randomness and samples sizesN are g
nd their broad 95% confidence range are indicative of large bivariate
solid symbols). The samples rejected by the diagenesis criterion (e
orrelations and their significance.
s, (c) opal, (d) clay, (e) silt and (f) sand content. Pearson’s correlation
iven in the figure headers. The gentle slopes of the regression lines
scatter. The correlations were exclusively based on the unaltered samples
mpty symbols) do not principally fall out of the major trend, but lower
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leads to a probability measure,p, quantifying the like-
liness, that an observed correlation is purely incidental.
p-values of 0.05, 0.01 and 0.001 correspond to 95, 99
and 99.9% significance, respectively. Instead of using
these fixed significance levels, we state the individual
probability for randomness in each analysis.

The probabilityp is also reflected by the slope
and width of the 95% confidence range of the linear
regression line shown in the biplots. In contrast to the
correlation coefficientr, the linear bivariate regression

F
s

calculation assumes a causal relationship between
lithology and relative paleointensity and therefore
minimizes the (squared vertical) deviation of the de-
pendent variable, i.e. NRM20mT/ARM20mT. Because
of the impact of geomagnetic field variations and the
complexity of lithological controls, each individual
sedimentological factor can only exert a partial and
rather feeble influence on RPI. We therefore do not
present each bivariate regression equation separately
and give a multiple regression analysis below.
ig. 5. Biplots of NRM20mT/ARM20mT vs. (a) smectite, (b) illite, (c) chlo
ymbols seeFig. 4.
rite, (d) kaolinite content and (e) kaolinite/illite ratio. For legends and
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For the following correlation analyses, the data of
all 54 samples from the six cores were pooled to en-
compass a sufficiently large lithological variability and
case number. The correlations of major components
and grain size fractions with the NRM20mT/ARM20mT
ratio are depicted inFig. 4a–f. In four of the cases, car-
bonate and terrigenous content, silt and sand content,
the correlations are practically insignificant. There is a
low (r = 0.29) positive correlation with clay at signif-
icance level of about 97% and a moderate (r = −0.35)

F
p

negative correlation with opal content at 99% signifi-
cance level.Fig. 5a–e show the correlations of relative
clay mineral contents with the NRM20mT/ARM20mT
ratio. In the case of smectite, the correlation is insigni-
ficant, while chlorite shows a low (r =−0.25) negative
correlation at about 93% significance. Illite (r =−0.35)
and kaolinite (r = 0.38) contents are moderately cor-
related with NRM20mT/ARM20mT, at significance
levels of∼99%. Because of the inverse relationships
with kaolinite and illite, their ratio is more strongly
ig. 6. Trend surface plots of NRM20mT/ARM20mT in the ternary systems
ercentage, (c) chlorite, illite and kaolinite.
of (a) carbonate, opal and terrigenous content, (b) sand, silt and clay
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(r = 0.51) and significantly (>99.9%) correlated with
NRM20mT/ARM20mT than either single value.

The three lithological parameter groups can be for-
mulated as ternary systems, in which the observed
NRM20mT/ARM20mT values are approximated by a re-
gression plane (Fig. 6a–c). In the case of clay min-
eralogy, the apparently insignificant mineral smectite
was excluded and the analysis was performed in the
kaolinite–illite–chlorite system. The compilation of all
three ternary plots clearly hints at the decisive fac-
tors. Rather small opal content seems to lower the RPI
signal, while clay content and particularly the relative
kaolinite content raise its value. The defining equations
of the three ternary planes are given in the diagrams.

The bivariate analyses indicate that several of the
investigated sedimentological parameters show a mod-
erate but significant correlation with the RPI signal.
Since all of these parameters are to some degree mu-
tually independent, a multiple linear regression model
of all factors can be established which quantifies the
combined lithological controls on the RPI signal. The
difficulty of distinguishing between meaningful and re-
dundant parameters is a well-known problem (Swan
and Sandilands, 1995). Here we use the ‘backward
elimination’ method by which an initially overdeter-
mined regression model is successively depleted from
regressors with insignificant partial correlation. Multi-
collinearity is avoided by omitting at least one within a
group of complementary parameters from the analysis.
With reasonable settings, a multiple regression solu-
t opal
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Fig. 7. Biplots of (a) observed and (b) residual NRM20mT/ARM20mT

vs. predicted NRM20mT/ARM20mT resulting from the multiple
regression model given above. Goodness of fitR, significance
level p and sample sizeN is given in the figure header. All axes
are equally scaled. Standard deviation (SD) ranges of the three
shown parameters outline the average contributions of lithology and
paleofield to the observed RPI signal.

erable paleofield information, any better predictability
solely based on lithological parameters would seem
unrealistic.

As an alternative approach to quantifying lithology
effects, the raw RPI (NRM20mT/ARM20mT) data of the
ion based on the three lithological parameters
ontent, terrigenous content and kaolinite/illite ra
as found. The significance level of each individ

egressor is equal to or better than 95% (Table 2).
he goodness-of-fitR number is 0.59 and the prob
ility of non-randomness exceeds 99.99%. The im
f lithology on RPI is demonstrated inFig. 7. As the
RM20mT/ARM20mT record doubtlessly holds cons

able 2
ummary of multiple linear regression analysis using the ‘back
limination’ method

egressors Regression
coefficient

SD of
coefficient

P-Level

ntercept 0.068 ±0.034 0.052
pal content −0.009 ±0.004 0.015
errigenous content 0.002 ±0.001 0.031
oalinite/illite ratio 0.316 ±0.091 0.001
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selected sediment samples were divided by isochronal
values of the Sint-800 paleointensity stack. When plot-
ted against the various lithology parameters, these ‘pa-
leofield corrected’ RPI data show approximately the
same scatter as the raw RPI data. It was initially ex-
pected, that correlations should be markedly improved
by this data treatment. Probable causes for the failure
are discrepancies in chronology and temporal resolu-
tion of the investigated and reference records.

4. Discussion and conclusions

Current quality requirements of RPI records as
established byLevi and Banerjee (1976), King et al.
(1983)andTauxe (1993)are essentially based on rock-
and paleomagnetic criteria, namely (1) magnetite as
predominant magnetic carrier, homogeneity of (2)
concentration and (3) magnetic grain size, as well
as absence of (4) inclination errors and (5) magnetic
mineral diagenesis. Ongoing analyses indicate, that
criteria (1)–(4) are locally fulfilled by groups, the three
northern and the three southern cores. Only for the
pooled core set, the variations in magnetite concentra-
tion exceed theTauxe (1993)‘one order of magnitude’
rule. However, combining diverse lithologies was one
basic requirement for the feasibility of this study. Cri-
terion (5) was also respected: By rigorous application
of the Fe/� parameter all samples affected by (mild)
chemical overprint, altogether one third of the initial
c sis.
W

tary
m nal
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ratio of the investigated samples averages at around
0.18 (Table 3). The RPI signal dynamics due to varying
matrix effects are considerable; if we compare the stan-
dard deviation (SD) range of the RPI data set (±0.077)
to the SD range of our lithology-dependent regression
model (±0.045) and to the paleofield-dependent
residue (±0.063), we find that matrix-related effects
could possibly influence signal dynamics to nearly the
same extend as geomagnetic field intensity variations.

Of course, the lithological spectrum encountered in
our pooled sample set exceeds that of most published
RPI records by far and therefore marks an upper limit
of matrix-related signal biasing. Nevertheless, any
paleointensity record claiming ‘high fidelity’ should
additionally fulfil a criterion (6) related to litholog-
ical homogeneity, in particular with respect to clay
mineralogy and major components. If RPI data are
collected for stratigraphic purposes, we should expect
sedimentologically induced patterns at lithological
boundaries, e.g. at climate transitions. Our regression
equations point towards the possibility of establishing
multi-parameter based correction formulas to discard
lithological overprint. A broader and more represen-
tative database such as the Sint-800 core set would be
desirable for this objective. The numerous high-quality
records should open the possibility to apply similar
regression analyses on singular time slices sharpening
the definition of the approach.

It is worth considering, why some of the sedimen-
tological parameters seem to have greater influence
o Our
r ion
o of
s to
t nge
s d
b ion,
F ite
a oxic
c ns.
T om
ollection, were excluded from the statistical analy
hat else influences paleointensity estimates?
Our statistical results suggest, that the sedimen

agnetic recording process of post-depositio
article alignment is not exclusively an expressio
eomagnetic field history, but also controlled by
trong and complex interactions of magnetic carr
ith their non-magnetic matrix. These mechanical
lectrostatic forces are responsible for the relati

ow intensity of PDRM in comparison with laborato
emanences such as ARM. The NRM20mT/ARM20mT

able 3
tatistical properties of parameters in (Fig. 7)

ariable Mean

bserved NRM20mT/ARM20mT 0.183
redicted NRM20mT/ARM20mT 0.183
esidual NRM20mT/ARM20mT 0.000
Minimum Maximum SD

0.035 0.385 0.07
0.049 0.281 0.04
0.153 0.126 0.06

n sedimentary magnetic recording than others.
egionally restricted results indicate an inhibit
f magnetic particle alignment by the presence
iliceous microfossils. This could be simply due
he porous structure of diatoms, radiolaria and spo
picules which favor a high initial porosity followe
y extreme postdepositional compaction. In addit
lorindo et al. (2003) suggested that magnet
lteration to authigenic smectite under oxic to sub
onditions is favored by high silica concentratio
he growth of authigenic smectite directly on diat
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Table 4
Comparative properties of common silicate clay minerals (adapted fromBrady and Weil, 1996)

Property Smectite Illite Kaolinite

Size (�m) 0.01–1.0 0.02–2.0 0.5–5.0
Shape Flakes Irregular Flakes Hexagonal Crystals
External surface area (m2/g) 70–120 70–100 10–30
Internal surface area (m2/g) 550–650 – –
Plasticity High Medium Low
Cohesiveness High Medium Low
Swelling capacity High Low to None Low
Unit-layer charge 0.5–0.9 1.0–1.5 0
Interlayer spacing (nm) 1.0–2.0 1.0 0.7
Bonding Van der Waal’s Potassium Ions Hydrogen
Net negative charge (cmolc/kg) 80–120 15–40 2–5

frustules has been described byBadaut and Risacher
(1983). Clay mineralogy also appears to have a tight
grip on magnetic particle orientation. We find that
kaolinite has a positive and illite a negative effect on
magnetic alignment, while smectite is more indifferent.
This is certainly related to the unit-layer charges of the
three clay minerals, eventually also to their crystalline
versus flaky structure and low versus medium to high
plasticity (Table 4). Specific investigations are needed
to consolidate these hypotheses. We can nevertheless
conclude, that lithology of the sedimentary matrix
is an influential and widely underrated factor in the
signal formation of relative paleointensity records.
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