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Conclusions

Selected seismograms from the S-wave 
polarity rotation experiment. A-scale is 0.5 
v/div. S1- and S2-waves are confirming the 
splitting (see blue and red lines) in the 
Gibeon iron meteorite.  Frequency 5 MHz.

Studied iron meteorite specimens present two chemical  groups : IVA (Gibeon) and IAB MG (Nantan, 
Canyon Diablo, and Campo del Cielo). Elastic modulus calculated for isotropic case for each of measured 
directions..

Based on limited iron meteorites and ultrasonic study we can 
point:

The iron meteorites  are anisotropic.
Splitting of shear waves in Gibeon meteorite sample 
confirmed the anisotropy.

Densities of the meteorites range from 7.15 g/cc to 7.85 g/cc. 
P-wave velocities are from 5.58 km/s to 7.85 km/s. 
S-wave velocity are from 2.61 km/s to 3.37 km/s. 

There is a direct relationship between P-wave velocity and 
density (approximately quadratic):
Vp=0.195ρ2+3.44ρ-9.0 with  Coefficient of Determination 
R2=0.68

A linear trend for Bulk modulus is K=46.66ρ -179.85, with 
R2=0.42; 

Some trend for Young modulus is E=61.30ρ –289.76, with 
R2= 0.36

Shear modulus µ does not show a significant trend                            
µ=24.87ρ–117.29, R2=0.30.

Found a direct relation  of Acoustic Impedance of 
compressional wave versus density of the iron meteorites.

Acoustic impedance of compressional
wave (PI) vs density of the iron meteorites 
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Iron 
meteorite
sample:

ρ, g/cc Vp, km/s Vs, 
km/s

µ, GPa E, GPa K, Gpa ν

Gibeon 7.82 5.908 2.759 59.5 162.0 193.6 0.32
7.82 6.035 3.368 88.7 226.0 166.5 0.22
7.82 6.019 3.216 80.9 210.3 175.5 0.25

Nantan 7.25 5.83 2.95 63.1 167.6 162.3 0.28
7.25 5.68 2.81 57.2 153.2 157.6 0.29

Canyon 
Diablo-1

7.48 5.90 2.69 54.1 148.2 188.2 0.33
7.48 5.85 2.69 54.1 147.9 183.8 0.32

Canyon 
Diablo-2

7.49 5.815 2.828 59.9 161.1 173.4 0.30
7.49 5.795 2.847 60.7 162.8 170.6 0.29

Canyon 
Diablo-3

7.24 5.556 3.053 67.5 173.3 133.5 0.23
7.24 5.549 2.617 49.6 134.6 156.8 0.31
7.24 5.838 2.605 49.1 135.2 181.2 0.33

Campo
del Cielo

7.14 5.7 3.004 64.4 168.5 146.1 0.26
7.14 5.594 2.947 62.0 162.2 140.8 0.26

Physical properties of samples of iron meteorites (density-ρ, velocity Vp and Vs, and elastic constants

IVA IAB-MG

Elastic 
modulus:

Max min max min

K, Gpa 194 166 188 136
E, Gpa 226 162 173 135
μ, Gpa 89 60 68 49

μ 0.32 0.22 0.33 0.23

Splitting of S- waves in Gibeon sample is an evidence of elastic anisotropy in iron meteorite 
with Widmanstätten pattern. Traces are recorded in each 5° of rotation experiment

Introduction

We investigate the elastic properties of a variety of 
iron meteorites using ultrasonic (0.5 MHz to 5 MHz) 
laboratory measurements. Our meteorite samples 
include Campo de Cielo, Canyon Diablo, Gibeon, 
and Nantan.
These measurements may help inform planetary 
studies related to core properties, asteroid mining 
and defense.

Schematic of the rotation device  for ultrasonic measurements 
of shear waves in the Gibeon meteorite sample
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The joint table of maximum and minimum 
of elastic constants for all directions  in 
two chemical groups of the iron meteorites

We employed ultrasonic pulse transmission method for 
measurements of P- and S- wave velocity (Vp and Vs).
To assess the range of possibility for each sample, we undertook 
3-5 measurements in each direction and found good 
repeatability. The maximum error in our measurement system is 
from determination of the distance, from the propagation time, 
and from irregularity of the meteorite surface. The error of 
velocity Vp and Vs vary from 1% to 3% depending on value of 
distance and time in measured direction. In samples with 
irregular surface we have higher error for both distance and 
time, but in the shaped sample is the lowest error. Vp in Figure 1 
shows a second-order trend with density: Vp=0.195ρ2+3.44ρ-
9.0, the Coefficient of Determination R2=0.68. Comparing the 
measured shear velocity Vs with density of the iron meteorites 
showed more scatter.

Velocity measurement, 
results

We estimated Vp- and Vs-anisotropy from the measured 
maximum and minimum velocity for each sample.
The anisotropy of Vp for the collection had variations from fast 
to slow directions of 0.85% up to 2.64%, except one Canyon 
Diablo sample with 5.21% of the value. Vs in such case had 
larger variation of anisotropy (from 0.67% up to 22.07%). To 
investigate the anisotropic properties further, we used Gibeon 
sample with parallel opposite surfaces, and recorded 
seismograms during rotation of polarity of the S-wave transducer 
in 5 degrees from 0° to 360°. From this experiment we found Vs 
anisotropy 4.73% from splitting of fastest and slower S-wave in 
one direction of propagation.

Figure 1. Compressional and shear velocity versus density 
of the iron meteorites for all measured directions. Size of 
markers cover range of error.

Canyon Diablo – 1; 988.3 g

Canyon Diablo – 2; 639.2 g

Canyon Diablo – 3; 71.0 g

Campo del Cielo; 1532.7 g Nantan;  3394.0 g

Images of the Iron meteorites  used in this study. Coin for scale has diameter 19 mm.

Gibeon; 40.39 g

and results of measurements
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