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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. The 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, and S-wave velocities are from 2.61 km/s to 
3.37 km/s. There is a direct relationship between P-wave 
velocity and density (approximately quadratic). We find 
evidence of anisotropy and S-wave splitting in the Gibe-
on sample. These measurements may help inform studies 
related to planetary core properties, asteroid mining, and 
Earth protection.

Iron meteorites are composed of Fe-Ni mixes 
with Fe content around 90%. The principal minerals are 
kamacite and taenite with some inclusions mainly repre-
sented by troilite, graphite, diamond, gold, quartz, and 
some others. Iron meteorites are divided into groups 
based on their structure linked to Ni content: Hexahe-
drites (4-6% of Ni), Octahedrites (6-14% of Ni) and 
Nickel-rich ataxites (>12% of Ni) [1].

Figure 1. Examples of the iron meteorites tested. On 
the left is our Nantan sample (3,394 g), in the middle 
is Canyon Diablo 1 (988.3 g), and on right is a sample
of Gibeon meteorite with visible Widmanstätten pat-
tern (40.4 g) and a coin for scale (19 mm).

Methods and results: There are few published P-wave 
velocities (Vp) of iron meteorites and even fewer of S-
waves (Vs), and they are often undertaken for only one 
direction in the sample. 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 irregu-
larity of the meteorite surface. The error of velocity Vp 
and Vs vary from 1% to 3% depending on value of dis-
tance 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 2 shows a second-order trend with density: 

2 -9.0, the Coefficient of Determination 
R2=0.68. Comparing the measured shear velocity Vs with 
density of the iron meteorites showed more scatter. The 
well-known Widmanstätten pattern, or Thomsen struc-

ture, in the iron meteorites indicates directionality in 
physical properties. So, we explored the possibility of 
elastic anisotropy. First, we estimated Vp- and Vs-
anisotropy from the measured maximum and minimum
velocity for each sample.

Figure 2. Compressional and shear velocity versus 
density of the iron meteorites for all measured direc-
tions. Size of markers cover range of error.

The anisotropy of Vp for the collection had variations 
from fast to slow directions of 0.85% up to 2.64%, ex-
cept 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 rota-
tion of polarity of the S-wave transducer in 5 degrees 
from 0 to 360 . From this experiment we found Vs ani-
sotropy 4.73%. Gibeon sample belongs to chemical 
group IVA. Our specimen had density 7.82 g/cm3.Vp in 
three orthogonal directions were 5.908, 6.035, and 6.019 
km/s. The standard deviation (SD) are respectively 0.034,
0.017 and 0.011 km/s. Vs in the same directions are 
2.759, 3.368, and 3.216 km/s with SD respectively 
0.006, 0.009, and 0.011 km/s. Other authors [2] meas-
ured Vp in Gibeon sample as 6,236 m/s. Figure 3 pre-
sents selected (at 45º increments) seismograms which 
show splitting of shear waves: 1) at relative polarities 10º 
and 190º the faster S-wave (S1) is visible, and 2) at 100º 
and 280º the slow S-wave (S2) appear (shown respec-
tively by blue and red lines). In this rotation experiment 
the P-wave does not change arrival time because the di-
rection and polarity of propagation is constant. The split-
ting of shear waves appear to confirm the elastic anisot-
ropy in the Gibeon sample.
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Figure 3. Shear-wave splitting in the Gibeon iron 
meteorite sample. Selected seismograms from the S-
wave (at 5 MHz) polarity rotation experiment. A-
scale is 0.5 v/div.

Based on velocities of P- and S-waves and density, we 
calculated elastic modulus for the same directions in the 
suite of iron meteorites. From these data we see a linear 
trend for Bulk modulus K as -179.85, with 
R2=0.42; and some trend for Young modulus E as 

–289.76, with R2= 0.36; Shear modulus μ does
not show a significant trend –117.29, R2=0.30. 
We have two groups of iron meteorite specimens: IVA 
(Gibeon) and IAB MG (Nantan, Canyon Diablo, and 
Campo del Cielo). The range of elastic modulus for these 
groups is as follows (min ÷ max): 
IVA – K (166.5÷193.6 GPa); E (162.0÷226.0 GPa); μ
(59.5÷88.7 GPa), and (0.22÷0.32).
IAB-MG - K (135.5÷188.2 GPa); E (134.6÷173.3 GPa); 
μ (49.1÷67.5 GPa), and Poisson’s ratio (0.23÷0.33).
The best fit was found for the linear trend of acoustic 
impedance of compressional wave PI versus density (Fig-
ure 4). In this case, used the highest velocity for each 
direction, which could represent less impacted directions 
of the iron meteorite samples.
Conclusions: We have made velocity and density meas-
urements in iron meteorite samples. These value can be 
used inform planetary seismology studies as well as pro-
vide values for space-born asteroids.

Figure 4. Acoustic impedance PI versus density of the 
iron meteorites.
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