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Introduction:  It has been hypothesized that 

the presence of boron may be essential for prebiotic 

processes to occur [1]. Borate-ribose complexes are 

relatively stable in water; without borate, ribose 

quickly breaks down in solution [2]. The formation 

of boron-ribose complexes [2] may thus be neces-

sary for the formation of RNA. Boron has been de-

tected in calcium sulfate veins by ChemCam on the 

NASA Curiosity rover [1, 3, 4]. This opens the pos-

sibility for RNA-based life to have developed inde-

pendently on Mars [3]. This study hopes to under-

stand borate behavior in the martian groundwater by 

determining how brines may have emplaced boron 

into martian clays and how this boron may be able 

to interact and assist in prebiotic chemistry. 

In water, boron appears as either borate or boric 

acid, and its speciation depends on pH. In alkaline 

water, boron comes in the form of a borate and will 

adsorb to 2:1 phyllosilicates [5]; a pH range of 8-9 

[6] providing the most adsorption, with variance de-

pending on clay species.  

Methods:  Expanding on the experiments from 

[7], this study conducted analysis of clay structure 

via X-Ray Diffraction (XRD) before and after bo-

ron sorption. Further sorption experiments were run 

in a CaSO4 system to simulate a martian environ-

ment more accurately. These samples were ana-

lyzed using Inductively Coupled Plasma – Optical 

Emission Spectroscopy (ICP-OES) as in previous 

experiments [7]. Geochemist’s Workbench was 

used to model speciation of boron in a hypothetical 

martian system rich in CaSO4.  

Results:  XRD analysis included oriented 

mounts of the clays to determine pre- and post-ad-

sorption structure, which captured the change in 

structure with the addition of boron to the clays 

(Figure 1 & 2). The majority of the clays displayed 

a notable rightward shift in the 001 peak position, 

indicating a decrease in the d-spacing with the addi-

tion of the boron. Talc and saponite were the two 

exceptions, with no significant shift in the 001 peak. 

Adsorption analysis compared the previous 

sorption assays [7] in a CaCl2 system to our assays 

in a CaSO4 system (Figure 3). The two sulfate 

assays demonstrated lower sorption capacity than 

the chloride counterparts, but still allowed for minor 

levels of sorption. The sulfate system, at saturation, 

 

Fig. 1. XRD analysis (oriented mount) of griffithite  

(Mars analog clay) before and after boron sorption, 

showing shift in 001 peak position. 

 

Fig. 2. XRD analysis (oriented mount) of montmoril-

lonite B (terrestrial analog clay) before and after boron 

sorption, showing shift in 001 peak position. 

level exhibited less sorption than when 

oversaturated. The saturated system also exhibited 

no change in total sorption within the pH range 

tested, while the oversaturated system exhibited 

increased sorption with increased pH, as seen in the 

previous experiments [7]. 

Modeling indicated that boron speciation tends 

towards boric acid at low pH and towards borate ion 

at higher pH, transitioning at pH ~8-9 (Figure 4). 

Speciation of the borate ion is dependent on the 

amount of Ca in solution, as low calcium favors the 

negative B(OH)4
- anion, while higher Ca favors the 

CaB(OH)4
+ cation.  

Discussion: XRD analysis of the clays, before 

and after sorption, revealed a shift in the 001 peak 

position in most of the clays. Most of the clays 

exhibited a rightward shift, indicating a decrease in 

the d-spacing, indicating that the interlayer 

thickness 
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Fig. 3. ICP-OES clay sorption analysis comparing 

chloride and sulfate systems. 

 

Fig. 4. Speciation model of boron over pH in CaSO4 

system at saturation 

between clay sheets became thinner. This may be 

due to boron sorption into the interlayer positions, 

whereby increased electrostatic interactions 

brought the layers tighter together. Talc and 

saponite did not exhibit this 001 peak shift, likely 

because talc did not sorb significant levels of boron, 

whereas saponite may have sorbed boron to a 

different location. 

The adsorption curves for montmorillonite B in 

the sulfate system were different between the 

saturated and oversaturated systems. The saturated 

system exhibited minimal sorption, lower than that 

of even the talc/chloride system, indicating that at 

gypsum saturation levels, boron sorption is 

insignificant. When sulfate was oversaturated, the 

boron adsorption curve resembled those of the 

saponite and nontronite, however the rate of 

increased sorption in relation to pH was steeper than 

the two martian analogs. This indicates that CaSO4 

needs to exceed saturation in order for borate 

sorption to be comparable to CaCl2 systems. 

Modeling revealed that Ca concentration 

strongly affects boron speciation within the pH 

range (pH 7-10) required for optimal sorption. As 

the two dominant borate species are oppositely 

charged, Ca concentations affect the scope of boron 

sorption, depending on the charge of available 

sorption sites. Previous literature indicated that Ca 

enhanced boron sorption [5, 6]. Increased Ca 

concentrations result in higher proportions of the 

borate cation (suggesting the positive species better 

sorbs to the clay), however the sorption experiments 

indicated that the CaSO4 systems (Mars-like) 

sorbed less readily with boron than in the CaCl2 

system, suggesting that sulfate sequesters Ca under 

the experimental conditions. Further adsorption 

modeling is needed to understand the mechanics 

between borate species and available sorption sites. 

  Summary: Boron was likely an important 

component in ancient martian brines and this af-

fected boron emplacement via sorption into Martian 

lithology. XRD analysis showed a distinct structural 

change in the clays, indicative of boron sorption. 

Experimental analysis and modeling revealed that 

sorption in a CaSO4 system is less efficient than in 

CaCl2-rich brines, but still may allow for significant 

boron sorption in a Mars-like setting or similar ter-

restrial setting. As evidenced by boron’s emplace-

ment within calcium-sulfate veins, boron on Mars is 

linked with brine activity. Thus boron’s potential to 

support prebiotic chemistry, through sorption to 

clays and interaction with ribose, is highly depend-

ent on brine composition. 

Future Work: Further studies include TEM 

analysis for finer scale analysis of adsorption mech-

anisms. Furthermore, these samples will be used for 

ChemCam analysis and calibrations at a later date. 
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