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Testing competing hypotheses for soil magnetic susceptibility using a new chemical kinetic 
model 
 
 
Magnetic susceptibility measurements 
 
 All samples in Blundell et al. (2009) were measured at 470 Hz on 10 ml samples using a 
Bartington Instruments dual frequency MS2B sensor, expressed as mass specific low-frequency 
χlf. 
 
Reaction included in the model 
 Figure 1 outlines the reactions included in the model, the data used to develop kinetic 
expressions, and the empirical parameterisations used to allow for temperature and pH controls. 
 
Reactions and minerals omitted from calculations 
 Lepidocrocite, which transforms to maghemite only through dehydration during heating 
by fire is ignored. Oxidative transformation of magnetite to maghemite, and dissolution of 
magnetite in persistently anoxic conditions are both neglected. It is well known that pedogenic 
magnetite can oxidise to maghemite, but there are no suitable reaction rate data from which to 
establish a kinetic model. Fortunately, the magnetic properties of pedogenic magnetite and 
maghemite are similar, so disregarding this little alters the predicted χlf enhancement. 
Dissolution of secondary magnetite occurs in the presence of sulphide by depressing the Fe2+ 
activity; we assume such dissolution is otherwise negligible, restricting application of our 
model to sulphide-free environments.  
 
ALLOGEN model 
 ALLOGEN is a process model of soil mineral chemical weathering. It is constructed 
around a generalised version of the mineral-weathering submodel of PROFILE, which exploits 
a practical implementation by Sverdrup and Warfvinge (1988) of transition state theory, but is 
modified to minimise the need for site-specific data and to optimise performance for long-term 
change. Comparison with observed weathering rate data (river flux studies, chronosequences 
and lake sediment chemical stratigraphy: Boyle, 2007) suggests that soil mineral depletion can 
be reliably simulated. This being the case, and given representative mineral compositions, the 
release rates of specific elements should also be reliably simulated. However, demonstrating 
directly this by comparison with either experimental data or field observations is difficult owing 
to questions of comparability. What can be done is to show that there is broad compatibility. 
For example, the data of White (2007) yields a chlorite contribution to total Fe export for the 
Hauver Branch, Catoctin Mountains, of  6.2E-12 moles/litre/second (that is, per litre of soil), if 
we assume a contributing soil thickness of 25 cm (White, 2007, quotes this only as lying 
between 0 and 50 cm). In comparison, using the regolith mineralogy data of White (2007), 
ALLOGEN predicts the Fe flux from chlorite to be 9.2E-12.  
 
 
 



Conversion of SFM concentration to magnetic susceptibility (χlf). 
This assumes production of nanoscale magnetite grains lying in superparamagnetic and stable 
single domain regions (10-30 nm) with a mean χlf value of 1000×10-6 m3/kg (Maher, 1988; 
Heider et al., 1996; Dearing et al., 1997).  
 
 
Mineral concentrations in Santa Cruz marine terraces and Chinese loess 
 Mineral concentration data for Santa Cruz marine terrace mean parent material is 
estimated from White et al. (2008). Chlorite in Chinese loess is calculated assuming a mean 
chlorite MgO concentration of 13.07 wt% and a mean carbonate–free loess MgO concentration 
of 2.05 – 2.44 wt% (Ji et al., 2006). 
 
Mineral concentrations in selected British mudrock types 
 Table 1 shows the data used to compare predicted and observed magnetic susceptibility 
for a limited subset of British rock types. The mineral magnetic and climate data are from the 
England and Wales data set described in the main text (Blundell et al., 2009). The parent 
material information is derived from the cited references.  
 
Assumptions used in predicting the Xlf values for the northern hemisphere sites of Maher 
and Thompson (1995).  
 Only the MAP values are listed in Maher and Thompson (1995). Field capacity days 
were approximated using an emprical sigmoidal curve for England and Wales (unpublished) 
(365*(1 - (1 / (1 + EXP(0.0025 * (MAP-850))))), where MAP is in mm/yr. MAT was set at 9 
Celcius for all sites. Parent material chlorite concentration is unknown, so curves were 
generated for four different values.  
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Table DR1. Mineral reactions incorporated into the model. All rates and quantities are 
expressed on a volumetric basis (mass or rate per unit volume of soil) and converted to soil 
water concentrations in the soil water for reaction rate calculations by dividing the flux of the 
species (moles per second per litre of soil) by the flux of water (litres per second per litre of 
soil). 
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Table DR2. Mineralogy, climate, and magnetic susceptibility of mudrocks from England and Wales 
 

Argillaceous 
rock age class log mean N MAP  MAT Oxic Chlorite Rock category 
 χ mm/yr  °C fract. wt%  
Cambrian 1.08 12 1530 8.7 0.24 26 Lower Palaeozoic mudstones, Wales 

(1) 
Cretaceous 0.30 141 730 9.6 0.58 4 Clay dominated formations (< 2 µm) 

(2) 
Devonian 1.86 156 1120 9.7 0.36 38 Slates and mudrocks, Devon (3) 
Jurassic 0.39 542 640 9.3 0.63 10 Clay dominated formations (< 2 µm) 

(4) 
Ordovician 0.75 84 1350 8.5 0.29 26 Lower Palaeozoic mudstones, Wales 

(1) 
Silurian 0.81 121 1160 8.5 0.29 26 Lower Palaeozoic mudstones, Wales 

(1) 
 
1. Evans and Adams (1975). 
2. Jeans (2006a) 
3. Mottershead (2000) 
4. Jeans (2006b) 
 
 
 
 
 
 
 
 
 
 
 
 
 


