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Introduction: Few density results exist for iron meteorites[1], 

and we seek to expand the current database without altering sam-

ples. To that end, we use 3D laser imaging[2,3] and the Archime-

dean bead method[4], two non-destructive methods for measuring 

density which have been shown to produce results which are con-

sistent with each other[3].   

Methods and sources of error: In 3D laser imaging, a laser 

beam illuminates the surface of a sample, and the projected and 

reflected beams are triangulated to determine Cartesian surface 

coordinates. Images from different viewpoints are combined into 

3D models from which volume may be calculated. We used a 

Konica Minolta Vivid 9i non-contact digitizer with a 25mm 

telelens. To quantitatively estimate the error attached to the 

measurement of the target-camera distance, a flat metal calibra-

tion plate was imaged at a distance of 70 cm. Principal compo-

nent analysis (PCA) was used to compute the best-fit plane 

through the data[5]. Deviation from this plane is an estimate of the 

error and was found to be 0.017 mm (one standard deviation). 

This error, however, does not propagate to the power of 3 be-

cause the model-building process involves averaging overlapping 

images, thereby constraining the final solution. An alternate strat-

egy to estimate error is to compare 3D model results obtained by 

different operators drawing from the same library of 3D imag-

es[3]. Based on 39 models built by 3 different operators, the inter-

operator coefficient of variation was found to be 1%.  

In the Archimedean bead method, errors are introduced due 

to the non-fluidal behavior of the beads, notably when the sample 

is <5cm3[3] or >50g[1]. This effect is more problematic for dense 

samples[4], such as iron meteorites. Two operators performed 

bead measurements on 15 fragments ranging in mass from 18g to 

444g. The average coefficient of variation was 3%.  Size and 

shape appeared to be important sources of error. 

Sister fragments: The density of multiple fragments from 

five suites of iron meteorites was measured using the two meth-

ods. Results are (number of fragments in brackets, laser meas-

urements in normal font, bead measurements in italics, data in 

g/cm3): Canyon Diablo ((5), 7.40, 7.37), Gibeon ((4), 7.44, 7.21), 

Odessa ((6), 7.23, 7.19), Sikhote-Alin ((8), 7.70, 7.83), and 

Whitecourt ((8), 7.44, 7.34). Inter-fragment variability was on 

average 2.4% and 4.0% for laser and bead measurements, respec-

tively. The bulk densities found using both methods were compa-

rable to those of other researchers[4,6]. 
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