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Abstract 
Two different brands of climber’s chalk (nominally MgCO3) were investigated by XRD, 

SEM and EDS, specifically to assess manufacturer claims about purity and content. Bison 

Chalk, which the manufacturer claims contains “100% natural magnesium carbonate” 

was found to contain 20 at.% CaCO3, ordinary blackboard chalk. The CaCO3 was seen to 

exist in distinct particles visible in an SEM micrograph. Metolius Super Chalk is reported 

to contain a “safe drying agent” for “maximum sweat absorption.” Trace amounts of 

silicon (< 1 at.%) were found. It is conjectured that the silicon may be in the form of 

silica, a powerful dessicant. Notable differences in particle size accounted for 

differences in “feel” and “texture” between the two brands, as reported by recreational 

rock climbers. 

Introduction 
Rock climbers, gymnasts, and weight lifters dust their hands with “gym chalk” or “climber’s chalk” to 

absorb sweat and improve grip during heavy physical activity. Evidence of this can be seen along popular 

climbing routes, where years of chalk-dusted hands have left white streaks around good hand-holds. 

The strong hygroscopic action of magnesium carbonate, along with its low cost and relative safety 

makes it a natural choice for a sweat absorption agent. Competing manufactures generally advertise 

that their chalk is “100% magnesium carbonate” or “all natural magnesium carbonate” although it is 

difficult to imagine the difference between “natural” and “unnatural” chalk. 

The apparent simplicity of chalk is seemingly contradicted by the variety of opinions surrounding 

different brands of climbing chalk. Climber’s tend to stick to a brand they like for a variety of reasons. 

Some report that certain brands are more effective at drying or improve their grip. Several avid 

recreational climbers were asked about their preferences. Amongst the responses received were 

comments such as: 

“The Super Chalk definitely dries better. The Bison Chalk hurts. It cakes on my hands and doesn’t 

dry as well.” 

“The bison brand chalk that comes in a plastic jug is too powdery and feels like flour.  I don't like 

it. The fancy chalk from Metolious that has a supposed drying agent is popular, but I don't like it 

as much” 

“It all comes down to price for me. I go for the cheapest chalk available.”  



The purpose of this investigation is to determine whether there are differences in composition, 

structure, and morphology that warrant the wide variety of opinions surrounding chalk. 

Results 

Energy Dispersive Spectrometry 

In the Bison chalk, the presence of magnesium, carbon, and oxygen were confirmed by EDS (Figure 1). 

However, a significant trace of calcium was also found. The proportion of carbon to magnesium and 

calcium suggests that there may be a 1:1 stoichiometric correspondence between magnesium and 

carbon and calcium and carbon. Calcium carbonate is an immediate suspect because of its stoichiometry 

and appearance as a white crystalline powder, almost identical to magnesium carbonate. 

The Super chalk was found to contain trace amounts of silicon. This may be a component of the “safe 

drying agent” that is claimed was added. 

 
Figure 1: The EDS spectrum for Bison chalk reveals strong anomalous peaks belonging to calcium. 



 

Figure 2: EDS analysis of Super Chalk reveals trace amounts of silicon. 

X-Ray Diffraction 

The XRD spectrums differed notable between the two brands (Figure 3). Specifically, the Bison chalk 

spectrum contained a series of peaks not present in the Super Chalk spectrum. The anomalous peaks are 

easily identified as belonging to CaCO3 (Swanson). This confirms suspicions aroused by EDS analysis. 

The remaining peaks which belong to both chalk samples are extremely difficult to confidently index 

(Figure 4). It is suspected than many of the visible peaks are present due to contributions from several 

hydrated crystal forms of magnesium carbonate. The strongest peaks are attributed mainly to the 

dihydrate form, although it should be noted that several strong peaks expected from magnesium 

carbonate dihydrate are not present. 

Scanning Electron Microscopy 

Scanning electron micrographs were taken of both samples at 800x magnification to qualitatively 

compare particle size and morphology (Figure 5). Average particle size was found to be about 5 μm for 

Bison chalk and 10-15 μm for Super Chalk. This accounts for the differences in texture reported by 

climbers. The bison chalk was reported to feel too much “like flour.” 



 

Figure 3: XRD spectra for both chalk samples reveal a set of peaks not present in the Super Chalk spectrum 

 

Figure 4: XRD spectrum for Super Chalk. 



     

Figure 5: Scanning Electron Micrographs of Bison chalk (left) and Super Chalk (right). 

Discussion 

Composition and Purity 

It was found that Bison chalk contains approximately 20% CaCO3, despite being advertised as containing 

“100% natural magnesium carbonate.” CaCO3 may be familiar to the reader as common blackboard 

chalk. It too takes the form of a white crystalline powder and can easily be mistaken for magnesium 

carbonate. It is of interest to determine whether the calcium has displaced magnesium atoms within the 

same crystal matrix or whether it exists as distinct particles. A compositional map determined from EDS 

analysis (Figure 6) suggests that the calcium carbonate exists as a physically separate powder. 

 

Figure 6: EDS Map shows calcium is present where magnesium is absent 



“Safe drying agent” in Super Chalk 

Other than magnesium carbonate, trace amounts of silicon were uncovered in the Super Chalk sample. 

This may be a clue to the supposed drying agent. Silica gel (SiO2) is commonly used as a commercial 

desiccant (Mark W. Chase) for preservation and protection of moisture sensitive products. 

Moisture Content 

The primary purpose of chalk is to absorb sweat. Magnesium carbonate accomplishes this by absorbing 

water molecules into the crystal structure, which strains the lattice into a different configuration. 

Moisture can be removed by baking the crystal at an elevated temperature for an extended period. It is 

clear that a crystal which has already been saturated with water will be less effective at absorbing 

sweat. Therefore the relative hydration provides a measure of how much more water the powder can 

accommodate. Assuming that the excess oxygen detected by EDS belongs to trapped water molecules, 

the mole fraction of water can be calculated. Bison chalk contains an average of 0.8 mol H2O per mole 

MgCO3+CaCO3. Super chalk contains an average of 0.5 mol H2O per mole MgCO3. 

Difficulties in Indexing Peaks 

The XRD spectrum assumed to be due to magnesium carbonate did not lend itself to indexing following 

the its powder diffraction file. Almost none of the strong peaks expected from magnesium carbonate 

could be detected. The lowest-angle peak expected from magnesium carbonate is at 32.63°. Several 

strong peaks were detected at angles as low as 15.3°. Although these anomalous peaks are assumed to 

be due to the hydrated crystals, there are missing peaks as well. If the pattern could be indexed 

according to MgCO3 · 2 H2O, then a strong peak would be expected at 28.84°. Although there are broad 

peaks that encompass these regions, it is unclear which hydrated forms are contributing to them. 

It is possible that both uniform and non-uniform strain is produced by the adsorption of water. Since 

water is adsorbed on the surface, the resulting strain will be non-uniform throughout the crystallite. The 

specific application of elastic theory which could help us understand this effect is beyond the scope of 

this investigation. 

In addition to strain, the addition of a water molecule also creates a new scattering center. Depending 

on the location and orientation of the water within the crystal, photons scattered from the oxygen 

atoms will interfere with photons scattered by the surrounding matrix. If the oxygen sits in a preferred 

orientation with respect to the lattice this could greatly affect the diffraction pattern.  

Conclusions 
Scientific analysis of climbing chalk has revealed more details about the white powder than the author 

suspected. It was found that the manufacturer of Bison chalk is either ignorant of or dishonest about the 

composition of their chalk. The presence of an added drying agent in Metolius Super Chalk could not be 

conclusively confirmed, although seems likely that it is SiO2.  

Differences in particle size and shape seems to give credence to the variety of opinions surrounding the 

qualitative “feel” of chalk. This report makes no attempt to attribute any specific effects to particle 

shape and size, but it is noted that different brands of chalk are at least significantly different in their 



physical texture. Based on the relative fractions of water already present in chalk upon purchase, it is 

suggested that Super Chalk may act as a more effective drying agent. 
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