
We studied samples of a relict soil near Whitewater (CA) within the San

Gorgonio Pass Special Fault Study Area (Fig. 1), which was offset by the

Banning Strand of the San Andreas Fault. Samples were taken on a depth

profile and magnetite was separated from samples previously used to extract

quartz for 10Be measurements (Hofmann, 2019), providing a reference for the

calibration of the cosmogenic 3He production rate in magnetite. We separated

magnetite from disaggregated soil samples with a hand magnet, mounted

selected grains for microCT scanning, and classified each grain based on the

presence or absence of inclusions as shown in the microCT data (Fig. 2).

Study area and methods

Introduction

• Solid inclusions (zircon, apatite, silicates) increase the bulk 3He 

concentration of magnetite, which can lead to an overestimation of the 

exposure age.

• MicroCT scanning can be used as an effective screening method to 

improve the quality of cosmogenic 3He exposure ages.

• This technique makes magnetite 3He a more robust chronological tool for 

dating fault offsets, especially in areas in which quartz is sparse.

• MicroCT scanning might also improve the reliability of cosmogenic nuclide 

dating of other opaque phases.

• The 3He production rate in magnetite at sea level and high latitude, calibrated 

against 10Be in quartz, is 116 ± 13 at/g/a (2σ).

Conclusions

Figure 1: (a) Map showing the alluvial fan of the Whitewater River, the apex of which

was offset by the Banning strand of the San Andreas fault (indicated as arrow after

Huerta, 2017). (b) We sampled a vertical transect of the relict soil capping the terrace

and separated magnetite for further analysis. Fault traces after Kendrick et al. (2015).

Results

Figure 5: Measured concentrations of 3He and 4He as a function of inclusion volume

fraction, showing the effect of bright and dark inclusions on the bulk concentrations.

Figure 6: (a) Depth profile of uncorrected and corrected 3He concentrations in

magnetite and a Monte-Carlo model with the production rate P as the free parameter

(black line and shaded area). (b) 10Be concentration profile measured in quartz

extracted from the same samples, which served as a reference for calibrating the

spallogenic 3He production rate in magnetite, and best-fit depth profile.

Cosmogenic 3He exposure dating of alluvial surfaces using detrital magnetite 

enabled by microCT scanning
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Cosmogenic nuclide studies benefit from a wide array of target phases to

enable dating of a variety of lithologies. Due to its high closure temperature

(~250 °C at 500 µm; see Blackburn et al., 2007) and ubiquity, detrital magnetite

is a promising target phase for cosmogenic 3He exposure dating but can show

considerable variability. We investigate the use of magnetite (Fe3O4) for 3He

exposure dating and test whether pre-screening using X-ray micro-computed

tomography (microCT) can make this system more accurate and reproducible.

Figure 3: (a) Optical micrographs and successive microCT slices showing the typical

appearance of magnetite grains and identified inclusions and structures compared to

known reference phases. (b) 3D rendering of magnetite grains with segmented bright and

dark inclusions, showing the number and distribution of inclusions in selected aliquots.

Figure 4: Measured 3He and 4He concentration depth profiles of unscanned

magnetite grains (a,d), grains with inclusions (b,e), and grains without detected

inclusions (c,f), showing the effect of inclusions on the bulk concentrations.
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Figure 2: Sample processing workflow for microCT pre-screening of magnetite grains.

Individual grains were classified as having no inclusions or containing bright and/or

dark inclusions according to microCT analysis, and final separates for cosmogenic 3He

exposure dating were picked from the mounts based on this classification.

We observed inclusions with both higher and lower X-ray attenuation than

magnetite, which are brighter and darker, respectively, in the microCT slices

(Fig. 3a). Based on known reference phases, we identified brighter inclusions as

zircon and apatite, and darker inclusions as silicates. We also detected

misidentified grains and magnetite showing major intergrowth with other phases.

Based on this analysis, we mapped the different types of inclusions in each

grain (Fig. 3b) and selected aliquots of magnetite grains for degassing and

measurement of the 3He concentration using a sector-field mass spectrometer.

Unscanned aliquots of magnetite grains show 3He and 4He concentrations that

are higher then predicted (Fig. 4a,c). Based on the analysis of aliquots scanned

grains with inclusions (Fig. 4b,e), we observed that bright inclusions (likely

zircons) contributed large amounts of 3He and 4He, whereas dark inclusions

(silicates) contributed much smaller amounts (Figs. 4b,e and 5). Aliquots without

inclusions have lower bulk concentrations (Fig. 4c,f) close to the predicted depth

profile, showing that these observed increases are due to inclusions.

We estimated the amounts of Li-produced 3He based on measurements of Li, U,

and Th concentrations, and applied corrections to the measured 3He

concentrations in magnetite aliquots without inclusions, which reduced the

scatter of the depth profile (Fig. 6a). By comparing these corrected 3He

concentrations of magnetite grains without inclusions to an existing depth profile

of 10Be measured in quartz (Fig. 6b), we calibrate a spallogenic 3He production
rate in magnetite at sea level and high latitude of 116±13 at/g/a (2σ).
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