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Introduction: Serpentinization processes are es-

sential for the geological and environmental evolution 

of a planetary body and important from an astrobiolo-

gy perspective [1]. In particular, serpentinization indi-

cates not only high-temperature and high-pressure pro-

cesses but also hydrothermal environments [2]. On the 

Martian surface, basaltic crusts are widely distributed, 

but only a few serpentine exposures have been identi-

fied [3,4], such as Nili Fossae [1]. To aid in identifying 

signs of serpentinization processes on Mars and further 

constrain the history of water-rock interactions, de-

tailed studies of serpentinization processes and result-

ant mineral assemblages are needed. 

In terrestrial case studies and most experimental 

studies on serpentinization relevant to Mars, Mg-rich 

olivine (forsterite) is the primary focus [e.g.,5], mainly 

due to the lack of Fe-rich olivine on Earth. However, 

Fe-rich olivine (Fa# >20; Fe/(Fe+Mg)) is widely dis-

tributed on the Martian surface [6]. Fe olivine may 

lead to different reaction pathways during serpentiniza-

tion. Fe redox is also the key to H2 and methane (CH4) 

production during serpentinization processes [5,7]. 

Previous experimental studies have explored factors 

influencing serpentinization processes, such as reaction 

temperature [5], reaction pressure [8], water flow ve-

locity [9], olivine grain size [5], and initial basalt com-

position [10]. Here, we focus on the initial Fe contents 

in olivine and their role during serpentinization pro-

cesses on Mars. 

Methods: Fe-rich olivine samples (Fa100, Fa71, 

Fa50, and Fa29) were synthesized with details in ref. 

[11] for use in this study. Purchased pure forsterite 

(99% purity) from Alfa was also examined for compar-

ison. 

Since the grain size of olivine would substantially 

influence the reaction rates [5], we adapted a grain size 

<53 μm to ensure a complete reaction in a limited reac-

tion time. We doped initial deoxygenated ultrapure 

water (dissolved O2 < 1 ppm) with 50 wt% D2O to 

facilitate tracing of the isotopic changes in H. The re-

action temperature was set to 200°C, which is the criti-

cal T for H2 start to be produced in the serpentinization 

system [5] and meets the working conditions of our 

experimental reactor. We set the reaction pressure to 

15 MPa, and the pressure has been found to have no 

substantial influence on the final solid products of the 

reaction [8]. Each experiment ran for 20 days, and dur-

ing the experiments, the whole system was under pure 

Ar gas conditions. 

Fig. 1. The hydrothermal reactor used for this study. 

A customized hydrothermal reactor was used for 

this experiment (Fig. 1). The effective volume is 50 

mL. The reactor is made of Hastelloy. All the linings 

that might be in contact with the reactants are Teflon-

coated to prevent any potential contamination of the 

serpentinization system from the reactor. A magnetic 

stirrer was equipped to stir throughout the experiments 

continuously. The head part is equipped with a temper-

ature monitor, pressure gauge, air inlet and outlet de-

vices. The air inlet and outlet are used to maintain the 

desired atmospheric conditions inside the reactor and 

collect gaseous products formed inside the reactor. 

The initial and final composition of the solution 

samples, including the D/H ratios, were monitored for 

each experiment. The initial olivine and final solid 

products were analyzed by XRD, SEM-EDX, infrared 

spectroscopy, Mössbauer spectroscopy, and magnetic 

properties. Compositional and isotopic analyses of the 
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produced gas phases were also tried, but the concentra-

tions were too low to detect. 

Preliminary results: The solution of the Fa100 

experiment shows a slight increase in pH (Table 1). In 

contrast, the other three Fe-bearing olivine samples 

(Fa71, Fa50, Fa29) all show a decrease in pH. The 

greater the initial Mg content was, the greater the re-

duction in pH. 

Table 1. pH and D/H ratios of the experiments. 
 Initial 

D/H 

Final 

D/H 

Initial 

pH 

Final 

pH 

Fa0 0.88 1.04 8.57 -- 

Fa29 0.93 1.00 9.29 8.04 

Fa50 0.90 0.90 9.51 9.19 

Fa71 0.93 1.03 8.67 8.45 

Fa100 0.90 0.85 8.60 9.00 

Note. The final pH of Fa0 was temporarily unavailable. 

In addition, a comparison of the initial and final 

D/H ratios of the solution shows that, in general, the 

D/H ratios are increased except for Fa50 and Fa100. 

The Fa50 shows no changes in the D/H ratios, and the 

Fa100 experiment shows a slight decrease in the D/H 

ratios. Theoretically, D preferentially partitions into 

solid phases in the system, while H remains in the liq-

uid phase. Further characteristics of solid alteration 

products and gaseous phases would be required to ex-

plain the D/H changes in the experiments. 

Figure 2：(a) and (b) show the magnetic properties of the 

Fa100 samples before and after the experiment. (c) and (d) 

are the XRD patterns of the final products of Fa100 and Fa0, 

respectively. 

In the Fa100 experiment, magnetic analyses show 

that the magnetism properties weaken in the final 

products compared to the initial olivine (Fig. 2a, b). 

Previous studies suggested that when serpentinization 

reactions occur at T ≤200℃, it is more likely to form 

serpentine and ferrite rather than magnetite [12, 13, 14]. 

This is one possible explanation of the observed disap-

pearing magnetism in the final products. Consistently, 

the Mössbauer spectra also detected a new ferric spe-

cies in the final products of Fa100, which is not mag-

netite. 

In the Fa0 experiment, XRD patterns show that the 

final products are dominated by brucite (Fig. 2D) and 

that the reaction was close to completed. 

Of all five olivines, secondary minerals are identi-

fied only in the Fa100 and Fa0 experiments. Consider-

ing that Fo almost completely transforms to brucite, it 

is generally speculated that reactions involving Mg-

olivine should proceed further than those involving Fe-

olivine. However, we find that reactions involving pure 

forsterite and fayalite can react faster than the Mg-Fe 

solid solution phases. Clinochrysotile was found in the 

Fa0 experiment, indicating that the reaction process 

reached the stage of serpentine production. The solu-

tion samples of the Fa100 experiment contain much 

less Si(aq) than those of the Fa50 experiment, presum-

ably to form Fe-serpentine from Fe-brucite with Si(aq) 

(eq (1)). The newly formed ferric iron species in the 

final products of the Fa100 experiment may also indi-

cate that Fe-serpentine is in the formation. 

Data analysis is ongoing, and we will report com-

pleted results at the conference. 

 

3(Mg,Fe)(OH)2(Brucite)+2SiO2(aq)=(Mg,Fe)3Si2O5(OH)4(se

pertine)+H2O                                                                        (1) 
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