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Introduction: Noachian and early Hesperian Fe/Mg-rich smectite clays are the product of water-rock reactions 

and potentially record the redox conditions on early Mars during their formation [1]. A few weathering experiments 

have been performed under presumed Martian surface conditions using Martian mineral analogs to constrain the en-

vironmental parameters of such processes, resulting in the production of Fe/Mg-rich smectite and other Fe-bearing 

minerals [2-4]. However, these studies only considered end-member scenarios for atmospheric chemistry, using either 

ambient air, or an anoxic CO2 atmosphere, and therefore did not quantitatively explore the atmospheric redox condi-

tions under which Martian clays formed. Moreover, previous experimental set-ups used batch reactors that were con-

tinuously stirred, which can cause undesirable surface abrasion during grain-grain collisions. To overcome those above 

limitations, and derive more quantitative environmental information from future experimental investigation of surface 

weathering on Mars and other planetary bodies, we developed an innovative system, MERLIN (Martian Environmen-

tal Rock Leaching INstrument) to carry out leaching experiments under controlled CO2/O2 atmospheric compositions 

using a circulation assembly. 

Set-up: Alteration of starting minerals takes place in a Savillex Teflon column assembly connected to a peristaltic 

pump and a vacuum/pressure diaphragm pump to drive fast circulation of leaching solution. The column assembly is 

designed to promote uniform leaching throughout the sample layer to prevent the development of heterogeneous par-

tially saturated microenvironments and the occurrence of chromatographic effects. A total of 7 columns are placed in 

a sealed chamber, within which the gas composition is controlled by flushing CO2 gas mixtures containing predeter-

mined volume mixing ratios of O2. Gas and fluid flow within the chamber is manually manipulated through a tubing 

network, and the procedure of purging and degassing, leaching, and sampling can be completed by switching num-

bered valves in a strict order. The vacuum chamber, pumps and sampling beakers are placed in a Coy anaerobic glove 

box whose atmosphere is maintained at anoxic level by purging with a 5%/95% H2/N2 gas mix and recirculation on a 

palladium catalyst. Temperature will be controlled by a heated fan with temperature control panel and pressure will 

be monitored with a gas pressure regulator installed on the glove box. Both leachate solutions and solid run products 

are sampled and prepared for analysis directly in the glove box, thus reducing uncertainties associated with interpre-

tation of Fe-bearing clay minerals that might arise from inadvertent atmospheric oxidation of the sample materials. 

Implications: MERLIN allows long-term experimental leaching in an atmosphere of controlled composition, tem-

perature and pressure, and adopts a mostly anoxic sample collection and processing scheme. It is therefore ideal for 

studying the redox conditions during clay mineral formation under simulated Martian environment. The effect of other 

oxidants such as percholorates and nitrates can be explored by varying the gas mix and/or solution compositions, and 

the formation process of other minerals such as carbonates and sulfates can be probed by changing the starting minerals.  

MERLIN also possesses great potential for studying weathering on other planetary bodies. Its controlled atmosphere, 

easy assembly and operation, cost-effectiveness and wide application make it a powerful tool for experimental leach-

ing.  
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