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Research Motivation 
The fidelity of rock magnetic records is one of the major concerns in paleomagnetism  
and its applications to plate tectonics. Remanent magnetizations carried by sedimentary  
rocks are acquired by the alignment of magnetic particles as they settle in the water  
column. Imperfections of these alignments causes deviation of remanent magnetization  
from the paleofield direction. The rock magnetic records of sediments accurately  
mimic the applied magnetic field declinations but yield a significant bias toward shallow  
inclinations, due to the flattening effect of compaction and/or deposition.  
 

1 
Inclination shallowing follows the tan (Im)= f * tan (If)  
relationship observed by King (1955), where Im is the  
measured inclination and If is the field inclination.  
Shallowing of the paleomagnetic vectors can be expressed  
in terms of the flattening factor f, that relates tan (Im)  
to tan (If). 
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2 
Mathematically, the flattening factor f can be expressed 
in terms of the rock’s magnetic anisotropy, the minimum over the maximum normalized 
principal anisotropy of remanence magnitudes, and the individual 
particle anisotropy, the a factor. Two distinct relations exist for hematite and magnetite: 

Hematite  
(Tan and Kodama, 2003) 

Magnetite  
(Jackson et al., 1991) 

a= individual particle anisotropy.  
For hematite, a factors between 1.28 and 1.45 have been measured, 
with a mean value of 1.38 and a standard deviation of 0.06 (N=7).  
Hematite carries a magnetocrystalline anisotropy so a is not expected to vary much. 
For magnetite, anisotropies between 1.4 and 2.37 have been measured,  
with a mean value of 1.81 and a standard deviation of 0.4 (N=8). 
Magnetite is dominated by shape anisotropy, so more variability may be expected. 
 
qz and qx are the normalised minimum and maximum principal anisotropy magnitudes.  
These are the parameters that have the most variability and therefore exert  
the greatest control on f. 

 

3 
Many magnetic anisotropy-based inclinations corrections have been performed  
in the paleomagnetic laboratory at Lehigh University on both hematite and  
magnetite-bearing sedimentary rocks.  
Results of these corrections indicate a latitudinal variation of  
inclination shallowing with the formations initially located at mid latitudes  
suffering from more shallowing than those initially closer to the equator or the poles,  
consistent with the tan (Im) = f * tan (If) relationship 
 
 

Results of inclination shallowing corrections on the paleopoles of  
Early Carboniferous red beds from the Maritime Provineces of Canada.  
Results indicate a greater correction for rock formations with smaller  
f factor, (see below). 

4 
We have compiled results of anisotropy-based inclination corrections of red beds  
from the Maritime Provinces and Northwest China, together with results derived  
from corrections that use models of geomagnetic field secular variation (the EI  
technique of Tauxe and Kent, 2004) on red bed Formations from North America,  
Greenland and Europe. 

We have also compiled results of anisotropy-based inclination shallowing corrections 
of magnetite-bearing North American sediments.  

5 
Histograms of the combined results, show the frequencies of the f factors plotted in one standard deviation- 
wide bins. 
 
  

6 
When plotted as measured inclination (Im) versus field inclination (If) the results clearly indicate the spread of  
inclination errors that are observed for both hematite and magnetite bearing rocks. These results also allow one  
to determine what the maximum inclination error may be on the basis of the observed f factors. These  
observations, further allow one to make educated guesses regarding inclination corrections of sedimentary rocks  
that are suspected to be shallow. 

 

7 
The Permian Esterel rocks of France are comprised of igneous rocks with interbedded red sedimentary  
formations. The red beds consistently show shallow inclinations with respect to the igneous rocks (Zijderveld,  
1975). We have used the mean, minimum and maximum of the compiled f factors to apply a simplified  
inclination correction of the Esterel red beds. Results show what range of corrections may be expected. The  
corrected inclination must lie within the range determined using the max and min f factors (orange dots). The  
direction corrected using the mean f factor (red dot) is the closest and is also statistically indistinguishable  
from the direction of the igneous rocks (blue dot). While this is true for the Esterel rocks, it shows that the  
mean f factor for red beds may be used for a simplified inclination correction. Our compilation of f factors gives  
the range in magnitude of red bed inclination shallowing.  
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Formation/ Locality Im Ic f Ref. 
Kapusaliang Fm. 29 52.5 0.43 Tan et al., 2003 

Shepody Fm. 20.4 30.1 0.64 Bilardello, 2008 

Maringouin Fm. 24.9 29.1 0.83 Bilardello, 2008 

Dan River 5.9 10 0.59 Kent and Tauxe, 2005 

Newark basin: Princeton 5.2 9 0.57 Kent and Tauxe, 2005 

Newark basin: Nursery 8.8 21 0.40 Kent and Tauxe, 2005 

Newark basin: Titusville 13 20 0.63 Kent and Tauxe, 2005 

Newark basin: Rutgers 14.2 21 0.66 Kent and Tauxe, 2005 

Newark basin: Somerset 15.7 24 0.63 Kent and Tauxe, 2005 

Newark basin: Weston 17.5 33 0.49 Kent and Tauxe, 2005 

Newark basin: Martinsville 18.2 34 0.49 Kent and Tauxe, 2005 

St. Audrie's Bay 33.4 44 0.68 Kent and Tauxe, 2005 

Jameson Land 45.1 60 0.58 Kent and Tauxe, 2005 

Formation/ Group Im Ic f Ref. 
Glenshaw Fm. 23.4 33.7 0.65 Kodama, 2008 

Perforada Fm. 35.6 50.1 0.60 Vaugn et al., 2005 

Nanaimo Group 50.9 60.5 0.70 Kim and Kodama, 2004 

Valle Group 19.1 26.6 0.69 Li et al., 2001 

Ladd Fm. 46 58 0.65 Tan and Kodama, 1998 

Point Loma Fm. 39.5 56 0.56 Tan and Kodama, 1998 

Pigeon Point Fm. 41.6 51.5 0.71 Kodama and Davi, 1995 

Deer Lake Group 33.7 50.9 0.54 Bilardello, 2008 

Nacimiento Fm. 51.3 57.7 0.79 Kodama, 1997 
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