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Abstract

A data set of room temperature magnetic parameters for several iron oxides and sulphides was compiled from the available
literature. The aim was to propose the most effective methods for assessing mineralogy, concentration and domain state within
environmental magnetic studies. Establishing the magnetic mineralogy is essential for a correct interpretation of concentration and
grain-size indicative parameters. Hematite and in particular goethite are recognised by their high (remanent) coercivities. The ratio
of saturation remanent magnetisation to susceptibility is suited for assessing mineralogy; for low coercivity minerals, high values of
the ratio are indicative of pyrrhotite. Greigite and maghemite both have intermediate ratios, while very low values suggest the
presence of (titano)magnetite. From the concentration-dependent parameters mass specific susceptibility, saturation remanent
magnetisation and susceptibility of anhysteretic remanent magnetisation, susceptibility displayed the least grain-size dependence.
Therefore, it is perhaps the best indicator of concentration, under the proviso of uniform mineralogy and when paramagnetic and
diamagnetic contributions are taken into consideration. All minerals showed a decrease in coercivity and remanence ratios with
increasing grain size for sizes larger than one micrometer. In contrast, the coercivity of goethite showed an increase with grain size.

Assessment of domain state was complicated by very small and large grains displaying similar magnetic properties.

© 2003 Published by Elsevier Ltd.
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1. Introduction

The classification of magnetic components within
natural samples in terms of mineralogy, domain state,
and concentration, is important for assessing the nature
and origin of the components, e.g. post-depositional
formation of bacterial magnetite or greigite within sed-
iments. Many publications document the variation of
magnetic parameters with grain size for individual
minerals. Hunt et al. (1995), Peters (1995) and Peters
and Thompson (1998) have summarised magnetic pa-
rameters for rocks and minerals. Here a detailed study
of how magnetic parameters vary with mineralogy and
grain size is presented which incorporates data that were
not available in the mid-nineties. Individual minerals are
considered from superparamagnetic to multidomain
(MD) grain size. Data was compiled from a substantial
number of publications with the aim of investigating the
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best ways to define mineralogy, concentration and do-
main state in order to maximise the information ob-
tained from room temperature magnetic data of samples
for environmental applications. Recent volumes that
summarise the variability of magnetic properties and
natural samples include (Dunlop and Ozdemir, 1997)
with most information pertaining to the titanomagnetite
series (Maher and Thompson (1999); Walden et al.,
1999). The latter two volumes review mineral magnetic
methodology as applied to sediments and soils, for ex-
ample to retrieve information concerning the paleocli-
mate record and/or the provenance area(s). Walden
et al. (1999) present an overview of laboratory methods
to acquire optimal magnetic information from a sample
set. Natural samples are often characterised by a mixed
magnetic mineralogy which complicates an environ-
mental interpretation. In such cases, trends of individ-
ual minerals serve as basis for the interpretation. For
the present contribution, a compilation was prepared
of data of synthetic and natural samples of the iron
oxides magnetite, titanomagnetite, maghemite and he-
matite, the iron oxyhydroxide goethite, and the iron
sulphides pyrrhotite and greigite. Synthesis or upgrading


mail to: peters@geo.uu.nl

660 C. Peters, M.J. Dekkers | Physics and Chemistry of the Earth 28 (2003) 659-667

methodology, how grain-size fractions were obtained,
and details of the instrumentation used can be found in
the individual publications. During the compilation it
was necessary to standardise units by converting some
data from CGS units to SI units, and in other cases from
volume specific to mass specific values. The conversion
factors are listed in Appendix A.

2. Magnetic mineralogy

Combining magnetic parameters graphically is very
useful for assessing magnetic mineralogy (e.g. Peters and
Thompson, 1998). Fig. 1, the variation of the ratio of
saturation remanent magnetisation to susceptibility,
ors/y, versus the remanent acquisition coercivity,
(Bo)cg'» shows an example of the use of biplots for
assesing mineralogy. Recent developments in the mod-
eling of IRM acquisition curves into individual coerc-
ivity contributions estimates values of (By)r: (Heslop
et al.,, 2002). The outcome of coercivity component
analysis from IRM acquisition curves is dependent on
the initial state of the samples (quite often AF demag-
netised, which yields higher coercivity values than when
doing IRM acquisition starting from the NRM state of
a sample). A more traditional form of the biplot shown
in Fig. 1 is ogrs/y plotted against the remanent coerciv-
ity, (Bo)cg. (cf. Thompson and Oldfield, 1986; Peters
and Thompson, 1998). Both biplots display similar re-
sults; goethite and hematite are characterised by their
high remanent (acquisition) coercivities. Goethite is
distinguished from hematite by its higher values. For a
given remanent (acquisition) coercivity pyrrhotite has
higher ratios of ogrs/y than (titano)magnetite, maghe-
mite and greigite. For the minerals exhibiting low re-
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Fig. 1. Biplot of ogrs/y versus remanent acquisition coercivity for
magnetite, titanomagnetite, maghemite, hematite, goethite, pyrrhotite
and greigite. The data are from Bailey and Dunlop (1983), Clark
(1984), Dankers (1978, 1981), de Boer and Dekkers (1996), Dekkers
(1988, 1989), Dekkers and Linssen (1989), Dekkers and Schoonen
(1996), Dunlop (1971), Hartstra (1982b), Maher (1988), Menyeh and
O’Reilly (1991), O’Reilly et al. (2000), Parry (1965, 1981), Peters
(1995), Rahman and Parry (1978) and Reynolds et al. (1994).

manent (acquisition) coercivities, only (titano)magnetite
samples display ogs/y values less than 4 kKAm™!.

3. Concentration-dependent parameters

Commonly used room temperature magnetic
parameters for assessing concentration are the mass
specific values for susceptibility (y), saturation magnet-
isation (og), saturation remanent magnetisation (ogrs)
and anhysteretic remanent magnetisation (oarm). The
variation of y, ors and y,pym With grain size for mag-
netite, titanomagnetite, maghemite, hematite, goethite
and pyrrhotite are shown in Fig. 2. The data is sum-
marised in Table 1. In Fig. 2(a) magnetite, maghemite
and titanomagnetite display the highest values of y, with
hematite and goethite the lowest values; pyrrhotite
samples plot in between. The inset to Fig. 2(a) focuses
on the variation of y for magnetites up to 10 pum in size.
Heider et al. (1996) propose that y shows practically
no grain-size dependence, with a mean value of 596
wm3kg!) for magnetite. O’Reilly (1984) based on
general principles, and Dearing (1999) to schematise
measured data, propose a peak in y corresponding to the
largest SP grains superimposed on a grain size inde-
pendent base line. The magnetite samples shown on the
inset to Fig. 2(a) follow the schematic diagram of
Dearing (1999), but also include samples larger than SP
with high y values. The three samples with high y values
between 0.2 and 0.55 pm in size are all from Dunlop and
Argyle (1997). The authors speculate that the high val-
ues would be due to particle elongation. Detailed grain-
size determinations have not been published for greigite
hence the absence of greigite data in the corresponding
figures. From the small amount of published data,
however, it follows that greigite on average has y values
between those observed for pyrrhotite and titanomag-
netite (Table 1).

In Fig. 2(b) goethite samples display the lowest ogrs
values, with hematite slightly higher. Magnetite, ti-
tanomagnetite, maghemite and pyrrhotite all display
similar high values of ogs (likewise greigite according to
Table 1). Pyrrhotite has a saturation magnetisation, s,
five times lower than magnetite. Therefore, it is inter-
esting to note that they both have similar org values
(Fig. 2(b)). The coincidence is due to pyrrhotite having
fewer domains than magnetite for a given grain size,
thus behaving more SD-like with higher ors/os (or
Mys/Ms) ratios. g is another parameter, which could be
used as a concentration indicator, however relatively few
authors actually determine and publish values of it (cf.
Table 1). The values given for g of magnetite in Table 1
are from Hartstra (1982b); they are slightly lower than
the normally quoted value of 92 Am?kg~' (e.g. Maher
and Thompson, 1999) because the samples were not
entirely saturated during measurement as noted by Vlag
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Fig. 2. Variation of concentration-dependent parameters (a) susceptibility, y, (b) saturation remanent magnetisation, ogs, and (c) susceptibility of the
anhysteretic remanent magnetisation, y,ry, With grain size for magnetite, titanomagnetite, maghemite, hematite, goethite and pyrrhotite. The data
are from Bailey and Dunlop (1983), Clark (1984), Dankers (1978, 1981), Day et al. (1977), Dearing et al. (1996), de Boer and Dekkers (1996),
Dekkers (1988, 1989), Dekkers and Linssen (1989), Dunlop (1971), Dunlop and Argyle (1997), Hartstra (1982a,b,c), Heider et al. (1996), Maher
(1988), Menyeh and O’Reilly (1991), O’Donovan et al. (1986), O’Reilly et al. (2000), Parry (1965, 1981) and Rahman and Parry (1978). The inset to
(a) focuses on the variation of y for magnetites up to 10 pm. The inset to (c) shows the variation of y,r\ On a linear scale.

et al. (1996) who dispersed again all fractions of two of
Hartstra’s samples and published different coercivity
and remanence ratios.

In Fig. 2(c) the variation of the susceptibility of ARM
(xarm) 18 plotted for magnetite, titanomagnetite and
maghemite (the only published ARM data found; Dan-
kers, 1978; Dunlop and Argyle, 1997; Hartstra, 1982a,c;
Mabher, 1988; Parry, 1981). yarm has been plotted to take
into account the different bias fields used in ARM ac-
quisition. For magnetite, ARM is proportional with the
bias field for bias fields [y, % field] up to approximately
0.1 mT, in higher bias fields ARM values start to level off
slightly. The field at which the non-linearity becomes

apparent is dependent on magnetic concentration; higher
concentrations are linear over larger field ranges. Tauxe
(1993) with reference to Sugiura (1979) showed that for a
marine carbonate (i.e. low magnetic concentration) non-
linearity was apparent even for values of [y, xfield] as
low as 0.1 mT (the bias field recommended by King et al.
(1982)). The peak alternating field is also of importance.
Not all minerals (including some magnetites) will be
saturated in a peak alternating field [xy,] of 100 mT.
Future investigation of log-normal fitting of a full ARM
acquisition curve could allow the maximum ARM to
be calculated. In Fig. 2(c) similar y,zy values are ob-
served for magnetite, titanomagnetite and maghemite for
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Table 1
Summary of data in Figs. 1-4

Parameter or ratio Mineral
Magnetite Titano-magnetite =~ Maghemite Hematite Goethite Pyrrhotite Greigite
Av. (no.)
[min — max]

% (1076 m?kg') 674 (98) 422 (86) 632 (17) 0.97 (63) 1.17 (59) 32.1 (54) 108 (12)
[285—1233] [46 — 806] [283 — 845] [0.13—3.83]  [0.46—5.92] [5.7—67.5] [26 — 194]

1rp (%0) 24 (23) No data No data No data No data No data No data
[0.4—11]

ors (Am*kg™) 5.3(82) 5.2 (43) 6.8 (17) 0.18 (95) 0.052 (60) 5.0 (54) 5.4 (11)
[0.3—33.1] [0.5—19.9] [3.6>10.2] [0.003 —0.35] [0.015—0.12] [1.6—9.3] [0.8 >12.3]

os (Am>kg™) 62.2 (12) 16.0 (10) 63.6 (11) 0.28 (18) 0.22 (58) 13.3 (54) 14.1 (12)
[50.3—-89.51 [11.2—-21.9] [61.5—65.6] [0.093—0.47] [0.02—0.59] [3.5—>21.0] [3.1>29.2]

Yarm (107 m3kg™h) 1673 (72) 362 (19) 376 (6) No data No data No data 608 (12)
[73—10510] [151 - 623] [324 —408] [242-916]

ors/z (10> Am™) 11.3 (97) 21.0 (53) 11.0 (17) 261 (63) 57.4 (59) 209 (64) 70.7 (41)
[0.3—80.8] [1.1 >120] [9.2>16.1] [1.2—783] [5.9—-212] [4.5-997] [11.2—>174]

ors/7arm (10> Am™1) 7.7 (67) 5.02 (19) 10.4 (6) No data No data No data 8.6 (11)
[0.5—23.1] [2.15—-11.0] [9.2—11.8] [2.6 >15.7]

Yarm/ L 2.37 (72) 1.64 (19) 1.12 (6) No data No data No data 5.6 (27)
[0.11-13.7]  [0.35—3.92] [1.02—1.37] [1.8—-9.8]

(Bo)c (1073 T) 9.8 (101) 20.8 (87) 7.2 (11) 268 (18) 217 (60) 36.9 (64) 42.6 (67)
[0.1 >34.3] [2.0>158] [6.4—9.0] [4 — 520] [25—890] [9.8—97.2] [10.0 > 71.3]

(Bo)cg (1073 T) 24.4 (185) 41.4 (96) 20.8 (17) 318 (96) 1972 (60) 45.3 (64) 67.1 (78)
[8.0—69.5] [8.5—213] [16.9—31.0] [30—821] [500 — 4100] [10.0>124.51 [37.0>94.8]

(Bo)cg (1073 T) 30.8 (58) 30.3 (25) 30.7 (15) 270 (82) 3386 (60) 52.6 (45) 75.0 (12)
[10-63] [8.5—138] [25.0—>46.5]  [28 —>769] [1200—>6999] [16.4—134.0] [41.4—96.8]

(Bo)cr/ (Bo)c 9.1 (96) 3.2 (87) 2.62 (11) 1.76 (13) 19.1 (60) 1.27 (63) 1.74 (62)
[1.4—65] [1.2-6.9] [2.54—2.67] [1.28—2.19] [2.5—566.7] [0.55—2.29] [1.21 - 5.09]

(Bo)cr/ (Bo)cr! 0.68 (58) 0.77 (25) 0.66 (15) 1.05 (82) 0.65 (60) 0.80 (45) 0.79 (12)
[0.44—0.95] [0.54—1.0] [0.65—0.68] [0.79—1.24] [0.25—1.65] [0.54 —1.22] [0.73 —0.89]

Mgs/Ms 0.12 (89) 0.19 (63) 0.13 (11) 0.58 (18) 0.32 (58) 0.36 (64) 0.45 (67)
[0.0005—0.4] [0.01 —0.53] [0.12—0.16] [0.43—0.85]  [0.06—1.0] [0.02—0.58] [0.18 - 0.69]

The average value (number of samples on which the average value is based) and the [minimum and maximum values] for magnetic parameters and

ratios for seven magnetic minerals are given.

grains larger than 1 um. For magnetite grains less than 1
um in size a large peak in y gy values is observed, which
corresponds to the single domain (SD) state grain-size
range where the anhysteretic remanent magnetisation is
maximum (Fig. 2(c) inset). In the log-log plot (Fig. 2(c))
an exponential trend from ~50 nm upwards emerges,
similar to the trend in coercivity values versus grain size.
Greigite which is not shown in the figure, has average
“arm Values greater than those for titanomagnetite and
maghemite (cf. Table 1).

Of all the minerals considered, maghemite displays
little variation in magnetic parameters with grain size
(most apparent in Fig. 2(b)). de Boer and Dekkers
(1996) attribute the lack of variation to the presence of
both maghemite and hematite intimately intergrown in
each fraction. In the large grains the maghemite parts
are only up to ~20 um in size, thus grains larger than 20
um are agglomerates of maghemite/hematite inter-
growths. Natural (and synthetic) maghemite will always
be very small in grain size. Thermodynamics prescribe
that the topotactic reaction by which maghemite forms
from magnetite only supports the cation-deficient spinel

structure in maghemite in small grains, smaller than
approximately 1 um. Larger grains invert to hematite,
the thermodynamically stable Fe,O; phase (de Boer,
1999 and references therein). Maghemites as large as
observed by de Boer and Dekkers (1996) are rare; the
maghemite structure is presumably stabilised by alu-
minium substitution.

Of the three parameters shown in Fig. 2, yagm, dis-
plays the greatest grain-size dependence. Susceptibility
(Fig. 2(a)) shows the least grain-size dependent trend
and is therefore possibly the best parameter for assessing
concentration. The trends displayed in the figures refer
to those of the magnetic minerals, i.e. the matrix con-
tribution to the susceptibility can be ignored or is cor-
rected for. However, it is important to be aware of
paramagnetic and diamagnetic contributions to y. In
many marine and other sediments, they can constitute
up to 50% or more of the measured y. High paramag-
netic and diamagnetic components would also lead to
low frequency dependent susceptibility, ypp, values.
Therefore, low y values should be considered in con-
junction with the high-field slope of a hysteresis loop to
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assess the paramagnetic and diamagnetic contribution
to the total susceptibility.

4. Parameters and ratios indicating domain state

By dividing two concentration-dependent parameters
(e.g. those in Fig. 2) the resulting ratios are concentra-
tion-independent—at least at first order—and can be
interpreted as indicating grain-size trends or mineral-
ogical differences (e.g. in Fig. 1). Selected parameters,
which are reputed to give an indication of domain state,
are shown in Figs. 3 and 4. The grain-size variation of
the ratios ors/%, ors/Yarm a0d Yarpm/% 18 shown in Fig.
3. For grains larger than 1 pm (titano)magnetite display
decreasing ors/y ratios with increasing grain size (Fig.
3(a)). However very small grains of magnetite appear to
have similar ogrs/y ratios to those of very large magne-
tite grains. Pyrrhotite and hematite display the highest
values of ors/y. Hematite displays no apparent trend
with grain size. Pyrrhotite follows a trend similar to
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magnetite, but for any given grain size has ors/y ratios
up to one hundred times higher than magnetite. Greigite
has an average ors/y value greater than magnetite, but
less than pyrrhotite (not plotted, see Table 1). In Fig.
3(b) and (c) values of grs/yarm less than 1 kKAm™! and
values of yary/x greater than 5 are indicative of the
presence of very small magnetite grains. Greigite has a
comparable average value of ors/yary tO (titano)mag-
netite and maghemite, but a higher average value of
Zarm/x (cf. Table 1).

The variation of the remanent coercivity with grain
size is shown in Fig. 4(a). For grains larger than 1 pm,
all minerals (except goethite) display a decrease in re-
manent coercivity with increasing grain size i.e. the
grains are becoming increasingly MD. Goethite displays
the opposite trend, where an increase in remanent co-
ercivity is found with increasing grain size. This would
indicate that goethite cannot be described as a classical
antiferromagnetic material. Likely surface magnetic
moments and their increased coupling in larger grains
play an important role. For magnetite grains less than
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Fig. 3. Variation of the ratios (a) ors/%, (b) ors/xarm»> a0d () xarm/y With grain size for magnetite, titanomagnetite, maghemite, hematite, goethite
and pyrrhotite. The data are from Bailey and Dunlop (1983), Clark (1984), Dankers (1978, 1981), de Boer and Dekkers (1996), Dekkers (1988),
Dekkers (1989), Dekkers and Linssen (1989), Dunlop (1971), Dunlop and Argyle (1997), Hartstra (1982a,b), Maher (1988), Menyeh and O’Reilly
(1991), O’Reilly et al. (2000), Parry (1965, 1981) and Rahman and Parry (1978).
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Fig. 4. (a) Variation of the remanent coercivity with grain size for
magnetite, titanomagnetite, maghemite, hematite, goethite and pyr-
rhotite. (b) The Day et al. (1977) biplot of Mrs/Ms versus (Bo)cr/(Bo)c
for magnetite, titanomagnetite, maghemite, hematite, goethite, pyr-
rhotite and also greigite. The data are from Bailey (1975), Bailey and
Dunlop (1983), Clark (1984), Dankers (1981), Day et al. (1977), de
Boer and Dekkers (1996), Dekkers (1988), Dekkers (1989), Dekkers
and Linssen (1989), Dekkers and Schoonen (1996), Dunlop (1971),
Dunlop (1986), Hartstra (1982b,c), Heider et al. (1996), King et al.
(1983), Levi and Merrill (1978), Maher (1988), Menyeh and O’Reilly
(1991), Moskowitz et al. (1988), O’Donovan et al. (1986), O’Reilly et
al. (2000), Ozdemir and Banerjee (1982), Parry (1965, 1981), Peters
(1995), Rahman and Parry (1978), Roberts (1995), Snowball (1995,
1997a,b) and Stanjek et al. (1994).

1 um in size the remanent coercivity decreases with de-
creasing grain size, i.e. approaching ‘true superpara-
magnetic (SP)’ grains, which have zero remanence and
zero coercivity by definition, for a given relaxation time
that is smaller than the measurement time of the in-
strument used. Thus, low remanent coercivity values can
suggest either a SP component or MD grains.

Fig. 4(b) shows the frequently used biplot of Day
et al. (1977), which by combining hysteresis parameters
suggests a graphical method for distinguishing the do-
main states SD to MD. Day et al. (1977) biplot was
originally based on titano(magnetite) data. Theoretical
aspects of the Day et al. (1977) biplot, including the

influence of SP grains, are discussed by Dunlop (2002).
Here the focus is on the applicability of the biplot to
other mineralogies. The general trend for magnetite is
followed by many of the other magnetic minerals, in-
cluding hematite and greigite (Fig. 4(b)). Goethite, due
to its hysteresis properties described above, displays no
evident trend on the Day et al. (1977) biplot, instead the
samples scatter to the right of the magnetite trend.
Pyrrhotite, although following the general trend, ap-
pears to be shifted slightly to the left compared to the
other minerals.

Figs. 3 and 4 show, overall, that domain state de-
termination for well-characterised samples is not so
straightforward. For many magnetic parameters small
SP grains display properties similar to large MD grains.
For the best interpretation in terms of domain state
knowledge of the magnetic mineralogy is required. ypp
values (cf. Table 1) can help to discriminate SP from
MD grains. There seems to be a maximum observational
limit on ypp of ~15% (Dearing et al., 1996). This limit
has been argued to be the consequence of finite particle
volume and coercivity distributions (Eyre, 1997; Worm,
1998). In cases of a very narrow grain-size distribution
1rp S of over 30% have been observed (Worm and
Jackson, 1999). Muxworthy (2001) calculated decreases
of up to 50% in ypp for weakly interacting samples
compared to the non-interacting state of the same grain
distributions. Magnetic interaction effectively reduces
the blocking volume that is frequency dependent
(Muxworthy, 2001). So, for environmental samples that
may show variable grain size distributions and variable
amounts of interaction, it is hard to tie the amount of
frequency dependency in susceptibility to a specific grain
size. If noticeable frequency dependence is observed the
best label from a grain size view point would be a dis-
tribution that peaks in the ‘large SP’ size range.

5. Conclusions

1. Remanent acquisition coercivities and the ratio of the
saturation remanent magnetisation to susceptibility
are useful for assessing mineralogy. Very high rema-
nent acquisition coercivities distinguish goethite from
hematite. For the low coercivity minerals, pyrrhotite
has high saturation remanent magnetisation to sus-
ceptibility ratios, whereas very low values of the ratio
are characteristic of (titano)magnetite.

2. Of the three magnetic parameters susceptibility, satu-
ration remanent magnetisation and susceptibility of
anhysteretic remanent magnetisation, susceptibility
showed the least dependence on grain size. Suscepti-
bility is therefore, perhaps, the best parameter for as-
sessing magnetic concentration in environmental
samples, assuming uniform mineralogy and consider-
ation of paramagnetic and diamagnetic components.
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Details of the conversions used to standardise all data into mass specific SI units
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Magnetic parameter

Conversion

Notes

References

Dankers (1978), Dunlop (1971)

Bailey and Dunlop (1983), Clark (1984), Day et al. (1977), Parry
(1981), Rahman and Parry (1978)
Parry (1965)

Dunlop and Argyle (1997), Heider et al. (1996), O’Donovan et al.
(1986)
Hartstra (1982a,b,c)

Clark (1984), Dunlop (1971)

Bailey and Dunlop (1983), Parry (1981), Rahman and Parry
(1978)
Parry (1965)

Susceptibility Multiply by 47/1000 Conversion from yqgg
to x5
Divide by density and Conversion from xcgs
multiply by 47/1000 to g1
Multiply by 100, divide ~Volume compensation
by density and multiply and conversion from
by 47'[/1000 Kcgs to Xs1
Divide by density Conversion from kg to
Zs1
Divide by 1000 Assumed given values
are in SI units per gram
rather than kilogram
Magnetisation Multiply by 1 Conversion from ocgs
to oy
Divide by density Conversion from Mcgs
or MSI to ogp
Multiply by 100 and Volume compensation
divide by density and conversion from
Mcgs to as;
Coercivities Multiply by 47 x 1077 Conversion from Hg; to

Bg
Divide by 10*
to BSI

Conversion from Hegs

Dekkers (1988), Dekkers and Linssen (1989), Menyeh and
O’Reilly (1991), O’Donovan et al. (1986)

Bailey and Dunlop (1983), Clark (1984), Day et al. (1977),
Dunlop (1986), Ozdemir and Banerjee (1982), Parry (1965, 1981),
Rahman and Parry (1978)

3. Investigation of domain state is complicated by very
small and large grains displaying similar magnetic
properties. On the Day et al. (1977) biplot a general
trend is followed by the minerals (titano)magnetite,
maghemite, hematite and greigite. Pyrrhotite is shifted
slightly to the left of the general trend. Goethite sam-
ples scatter to the right of the general trend.

4. More data is required to complement the existing
data set to formulate observed experimental trends
in terms of ‘expected’ grain size trends especially for
very fine grains in the SP/SD grain-size realm of min-
eralogies other than magnetite.
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Appendix A. Standardisation of data

In some of the referenced publications the data were
given in ‘CGS’ units, whilst in other publications volume

specific parameters were quoted. Table 2 lists the con-
version factors used in converting the data into mass
specific SI units.
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