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Fig. 1. The X-ray element area maps for Fe (a) and 
Ni (b) of the Sikhote-Alin iron meteorite sample 
used in electrochemical experiments. The majority 
of the sample consists of kamacite and inclusions 
are presented by schreibersite.  

 

Introduction: Melting of ice after accretion of as-
teroids caused aqueous alteration of silicates, oxides, 
sulfides and the Fe-Ni metal (kamacite) [1]. Among 
many factors, timing and sequence of alteration was 
affected by dissolution rates of solid and amorphous 
phases. As suggested for carbonaceous chondrites, an 
early dissolution (corrosion) of kamacite supplied iron 
into solution followed by precipitation of magnetite 
and/or Fe-bearing phyllosilicates (cronstedtite, serpen-
tine). Despite the importance, rates and mechanisms of 
anoxic corrosion of kamacite are poorly known [cf. 2]. 

a 

Corrosion rates of Fe-based alloys under various 
redox conditions can be evaluated with electrochemi-
cal methods. In particular, an initial corrosion rate can 
be estimated by extrapolation of the cathodic and an-
odic polarization dependencies (i.e. dependencies of 
external currents on electrode potentials) toward a 
value of corrosion potential. This can be done with 
Tafel equation, if Tafel slopes of cathodic and anodic 
polarization curves are determined [3]. Here we report 
cathodic and anodic polarization dependencies for an 
iron meteorite sample under anoxic aqueous condi-
tions. These data were used to estimate an initial rate 
of kamacite dissolution at ambient temperature. 

b
Experimental Setup: The samples were prepared 

from a fresh fragment of the Sikhote-Alin iron meteor-
ite (octahedrite type IIB). The studied sample mainly 
consists of kamacite (Fe, 94-95 wt%; Ni, 4.5-5 wt%, 
Co 0.5-0.6 wt%) with small inclusions of schreibersite 
(Fe,Ni)3P (26.5-32.5 wt% Ni), as shown in Fig. 1. Po-
larization behavior of pure Feo metal was also studied 
for comparison. The cut and polished samples were 
imbedded in epoxy and abraded with very fine emery 
paper just before experiments. 

Electrochemical measurements were conducted in 
a three-electrode cell on the metal samples with the 
working surface area of ~3 cm2 at temperature 20±2 
°C. The electrodes are as follows: the working elec-
trode (the sample), the auxiliary platinum electrode 
and the reference Ag/AgCl electrode. The IPC–Pro–
MF potentiostat is used to set a specified voltage be-
tween the working and reference electrodes (or to 
change the voltage with a specified rate). At the same 
time, the potentiostat measures a current between the 
working and the auxiliary electrodes. Potentiodynamic 
(0.5 mV s-1) polarization curves were registered taking 
into account IR (current × resistance) drop. Measured 

potentials (E) were referred to the standard hydrogen 
electrode (SHE). The currents were referred to the 
surface area of working electrode to obtain the current 
density (А см-2). 

Twice-distilled water and a borate buffer solution 
(0.4M H3BO3 + 0.1M Na2B4O7×10H2O; pH = 7.4) 
were used as working electrolytes. The solutions were 
deaerated with argon. 
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Results: During experiments in pure water, the 
corrosion potential of the meteorite sample shifted to 
negative values. After a 24-hour run, the corrosion 
potential (Ec) became approximately constant (-
0.5±0.01 V). Apparently, a decrease in the corrosion 
potential in time was caused by initial pitting devel-
opment that was observed microscopically.  

The cathodic polarization data obtained on the me-
teorite sample in pure water show a linear (Tafel) be-
havior (lower square symbols in Fig. 2). The linear 
part of the anodic polarization curve (upper square 
symbols) in water is short, which reflects passivation 
of the metal at higher (less negative) potentials. For 
more accurate extrapolation of the linear part we also 
used a part of the anodic curve obtained in the borate 
buffer solution (filled circle symbols). The Tafel’s 
parts of both alodic curves are in agreement, reflecting 
an active dissolution of the metal. The intersection of 
the extrapolated Tafel parts of cathodic and anodic 
curves (dashed blue lines in Fig. 2) gives the values of 
corrosion potential (-0.49±0.02 V) and corrosion cur-
rent density (~1×10-7 to ~3×10-7 A cm-2). The most 
probable value for the current density is 1.3×10-7 A 
cm-2.  

Table 1. Dissolution rates of kamacite, primordial 
chondritic silicates and basaltic glass in water at 25 
°C and neutral pH. 
Mineral Rate, mole cm-2 s-1 Reference 
kamacite (3.3±0.1)×10-13 This study 
enstatite 9×10-15 [5] 
forsterite 9×10-15 [6] 
diopside ~1×10-15 [7] 
anorthite ~4×10-15 [8] 
basaltic glass ~1×10-14 [9] 
Note. The error bar for kamacite rate reflects accuracy 
of electrochemical measurements rather than uncer-
tainty of extrapolation of polarization curves. 

The anodic curve obtained for pure Feo metal in the 
borate buffer is located at more negative potentials 
compared to the meteoritic data (Fig. 2). This reflects 
faster dissolution of pure iron. 
Fig. 2. Cathodic and anodic polarization curves ob-
tained for the Sikhote-Alin iron meteorite and pure 
iron samples under anoxic aqueous conditions.  
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Rate of kamacite dissolution: The corrosion cur-
rent density of 1.3×10-7 A cm-2 was used to evaluate 
the dissolution rate of meteoritic sample. If the corro-
sion product is Fe2+ ion, a recalculation of that current 
density with Faradey’s law for electrolysis gives the 
value of 3.3×10-13 mole cm-2 s-1. This rate corresponds 
to a uniform corrosion in anoxic water during an initial 
period of the metal alteration. If the alteration product 
is magnetite, the rate is 2.4×10-13 mole cm-2 s-1.  

Discussion: Note that the obtained rate could be 
slightly faster than that for a typical kamacite because 
of the low Ni content in our samples and the presence 
of schreibersite, which may corrode faster than kama-
cite. Our data are comparable with the rates of corro-
sion of a mild steel in anoxic water at 60 °C and 90 °C 
(1.7×10-13 and 4.3×10-13 mol cm-2 s-1, respectively) 
estimated from a graphic representation of experimen-
tal results (Fig. 1, p.128 in [4]).  

Kamacite dissolves faster than primary chondritic 
silicates at ~25 oC and neutral pH (Table 1). However, 
dissolution rate of kamacite is comparable with that of 
basaltic glass, which may represent amorphous sili-
cates accreted on asteroids. In parent bodies of carbo-
naceous chondrites (e.g. CM), simultaneous supply of 
Fe2+ from dissolving kamacite and SiO2 from amor-
phous silicates could have caused precipitation of Fe-
bearing phyllosilicates (cronstedtite and then ferrous 
serpentine).  
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