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Introduction
Magnetic susceptibility (MS) is a measure of a sample material's ability to be 

magnetized by an applied magnetic field. Applied to sedimentology, it provides us 
with a proxy indicator for the concentration of magnetizable minerals present at 
each depth. This knowledge, in conjunction with directional magnetic alignment 
data, climatic histories, and other records, is used to piece together the history of 
Earth's magnetic field.1 Susceptibility also factors into the study of 
seismic/volcanic events, climate models, glaciation/ de-glatiation events, and 
biological productivity rates. As a correlative tool for many types of magnetizable 
materials with varying susceptibility strengths spanning orders of magnitude, MS 
measurements have become a ubiquitous facet of almost every branch of 
paleoresearch.2   

Measuring Magnetic Susceptibility

 

Automated Metering Device
■ Automated Solution:

As part of an internship made possible through IDES, an automated susceptibility track was 
designed and built which utilizes the Bartington MS2C susceptibility metering coil. The track is 
already in use at the CEOAS core repository (above, right). It was designed and built using 
SolidWorks® CAD software and off-the-shelf parts. The software interface which controls both 
motion and measurement was coded in-house and runs in the LabVIEW® programming 
environment. 

■ Engineering Improvements:
The new track takes several noteworthy advantages over previously built systems. Among these 

are a significant cost reduction and superior accuracy in translational movement at increments 
down to o.5mm. The system is controlled through a user-friendly software interface which features 
flexible test parameters and provides for work flow with a logical and intuitive layout (see right). 
Improvements in motion control are made possible through the use of a specially selected stepper 
motor/motion controller combination that provides ample torque at a lower current, negating the 
need for more complex and costly motion controller circuits. Special attention to simplicity and 
precision in mechanical design also add to the motion system's accuracy, which is precise to within 
±0.3mm per meter of travel. 

Field susceptibility track
Susceptibility measurements are also useful in the field, wherever sediment cores are collected. 

In order to insure a continuous sedimentation record, cores taken at different depths must be 
overlapped. Magnetic susceptibility is a quantifiable internal property of the sediment material by 
which features may be plotted and visually identified (below left). This provides us with a rapid, 
non-destructive way to verify that a scientifically useful and gap-free record has been acquired 
before leaving the field.3 For most field measurements, manual methods can suffice until more 
precise lab data is gathered at a later time.

Field susceptibility measurements are now made more convenient with the portable track 
system. The track is operated manually and accommodates cores up to 10cm in diameter. It 
assembles in minutes and can be used on uneven ground (see below).

Future Work
■ Published Article:

The field susceptibility track and the automated system are the subject of a brief 
article which will be submitted to a geophysical journal within the coming months. 
The manuscript will highlight the practical and economical advantages of the 
automated susceptibility track, and will cover its calibration and accuracy when 
compared to established systems. Ongoing analysis should prove the system 
comparable to those designed to read whole or half cores, which provide a stronger 
signal due to their higher cross-sectional areas. Laboratories that use the smaller U-
channel samples will find this advantageous, as instruments with smaller pick-up 
coils designed for U-channels have response functions with shorter half-peak widths, 
giving higher-resolution data sets. 

■ Deconvolution of Data:
Susceptibility data can be also resolved to much higher resolutions through a 

mathematical deconvolution process which accounts for the instrument's spacial 
response curve at each down-core increment. This process is already being employed 
in directional magnetic studies at CEOAS, and is currently being applied for the first 
time to susceptibility data. Results will be published in the aforementioned article, 
and will show that the automated track can make use of measurements taken at 
increments much shorter than one centimeter. This increased ability will prove useful 
on highly stratified sediment records which exhibit greater variability over short 
periods.

Above: Data gathered using the field susceptibility track shows six core samples whose depths 
overlap to comprise a continuous Holocene record. The record shows multiple volcanic events 
and terminates in a high-susceptibility glacial deposit.

Right: The field susceptibility track system fully assembled and at work in the field. The system can
easily be powered with a small solar kit as shown.

Below: A color-scanned image of an ocean sediment core with magnetic susceptibility data 
overlaid. Trends in susceptibility often accompany visually identifiable variations in mineralogy.

Left: SolidWorks® CAD assembly model 
of the automated magnetic susceptibility 
track. 

Right: The finished susceptibility track, 
housed at the CEOAS core repository 
facility. 

Inset: Motion controller unit, motor, and 
drive pulleys. The diameter of the 
aluminum drive pulley is accurately 
machined to within ±0.0005 mm

Right: User interface software for 
the automated susceptibility track. 

Below: LabVIEW® graphical-
based programming which codes 
the user interface software. This 
language allows for rapid 
development with minimal coding 
experience. 

■ How:
For continuous down-core measurement of magnetic susceptibility, 150cm 

long core sample sub-sections are prepared inside plastic “U-channel” tubes, 
which have a cross-sectional area of approximately 4cm2. Susceptibility is 
measured indirectly by running the U-channels through an electrically 
oscillating solenoid, which reacts to changes in the magnetic permeability of the 
sample by registering the circuit's period of oscillation. Measurements are 
typically taken at one centimeter intervals along the core. This is normally 
accomplished manually by advancing the sample along a non-magnetic surface 
made from wood or plastic. Two researchers are often necessary to move and 
measure the sample efficiently. 

■ Disadvantages of Current Methodology:
This method's disadvantages are the consumption of time and the 

introduction of human error during the long and repetitive process. Accuracy in 
translational movement is also a limitation and a source of experimental error. 
Several automated track systems for measuring susceptibility have also been 
customized by various laboratories, and at least one system is available on the 
open market. These devices, however, can carry prices in excess of $36,000. 

In response to these limitations, we sought to provide ourselves with a fully 
customized automated system which could be made to our own specifications 
at a greatly reduced cost.  

References: 1) Stoner, Joseph S., and Guillaume St-Onge. "Magnetic Stratigraphy in Paleoceanography: Reversals, Excursions, 
Paleointensity, and Secular Variation." Developments in Marine Geology 1 (n.d.): 99-135. Print. 2) Hatfield R.G., and Stoner J.S. (2013) 
Magnetic Proxies and Susceptibility. In: Elias S.A. (ed.) The Encyclopedia of Quaternary Science, vol. 2, pp. 884-898. Amsterdam: 
Elsevier. 3) Thomas, et al. "U Channel Track for Susceptibility Measurements” G3(Geochemistry, Geophysics, Geosystems): 14 Jun, 2003

Acknowledgments: The author would like to thank Joseph Stoner, Rob Hatfield, and Chuang Xuan for their leadership and contributions.


	Slide 1

