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      Introduction: Airfall dust is nearly ubiquitous on 

the surface of Mars [1] and must be taken into consider-

ation when interpreting Alpha Particle X-ray Spectrom-

eter (APXS) analyses, which measures the outermost 2-

200 µm of rocks and soils [2, 3]. Dust coverages of 

APXS rock target estimated by multiple methods using 

Mars Hand Lens Imager (MAHLI) images are found to 

correlate with elemental concentrations (e.g., SO3/Cl 

and SiO2) [4, 5]. These studies however do not neces-

sarily take into account factors, including surface and 

lighting conditions, that affect dust coverage estimates 

and that may vary considerably from one target to an-

other.  

      We here quantify the effects that surface (i.e., topog-
raphy or other heterogeneities), rock type, and lighting 

conditions have on the dust coverages estimated for ‘as 

is’ and DRT targets. We find that these factors most af-

fect residual dust coverages of rocks that have been 

brushed by the Dust Removal Tool (DRT) [6].  

Methodology: MAHLI images of APXS rock target 

surfaces were analyzed using the method detailed in Lee 

et al [4]. Focus merge images were used when available. 

This method involves analysis of MAHLI images with 

the free software ImageJ and converted to 8 bit grey-

scale. Bare bedrock grey values are then found and, us-

ing the threshold tool, dust coverage is found by select-

ing all pixels that are not in the bare bedrock range. 

Lighting conditions were analyzed utilizing meth-

ods outlined in Bradley et al [5]. MAHLI images are 

first edited using the free photo editing website be-

funky.com to enhance the colour of the dust. ImageJ is 

then used to select the visible dust using the colour 

threshold tool. The dust coverage is also found by using 

Adobe Photoshop to replace all values of dust colour 

with white. The image is then opened in ImageJ, con-

verted to 8 bit greyscale, and the threshold tool used to 

select only the white dust. 

Surface Conditions Results and Discussion: We 

analyzed 101 rock targets to understand how surface 

conditions affect dust coverage. 70 of these targets are 

‘as is’ and are separated into four surface type groups 

(Fig. 1): irregular (vuggy; n=30)), flat (n=23), vein 

(n=12), and nodular (n=5). Irregular, flat, and vein sur-

faces have similar average dust coverages of ~40% to 

46% (Fig. 2) and ranges from 10% to 72.5%. Nodular 

surfaces have a higher average dust coverage of ~59%, 

ranging from 13% to 74%. This may be caused by shad-

ows cast by the nodules, or dust/soil trapped by the un-

even surfaces. Overall, dust tends to vary greatly on all 

surface types and may be more closely linked to the lo-

cal environmental conditions of each individual target. 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

Fig. 1. Representative MAHLI images of rock surface types. (A) irreg-

ular (Nedrow_RP, sol 503) (B) flat (Pine_Plains, sol 442) (C) vein 

(Buckskin, sol 1057) (D) Nodular (Mammoth, sol 758) 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Average dust coverages for the surface type groups. Error bars 

represent the range of dust coverages. 

Dust coverages of the 31 DRT targets were com-

pared on the basis of rock type (Fig. 3), including mud-

stone (n=18), nodular mudstone (n=7), and sandstone 

(n=6). Unfortunately, no conglomerates were brushed 

by the DRT. Grain size affects the quality of dust re-

moval by the DRT. Mudstone dust coverages average 

~17% (ranging 10% to 24%), while sandstone dust cov-

erages are higher, averaging ~37% (ranging from 18% 

to 59.5%; Fig. 4). The ~20% difference in dust coverage 

is likely caused by dust lodged between the larger sand 

grains when the brush passes over the surface. Nodular 

mudstone dust coverages average ~28% (ranging 20% 
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to 55.5%). The DRT removes dust from nodular mud-

stone targets fairly well, but dust may be trapped next to 

the nodules. 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

Fig. 3. Representative MAHLI images of DRT rock types. (A) mud-

stone (Augusta, sol 1157) (B) nodule mudstone (Morrison, sol 767) 

(C) sandstone (Big_Sky, sol 1114) 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Average dust coverages for DRT rock types. Error bars repre-

sent the range of dust coverages. 

Lighting Conditions Results and Discussion: 

There are currently 6 targets which have MAHLI im-

ages captured under at least two different lighting con-

ditions. Lighting conditions include (Fig 5): full sun-

light (n=2), partial shadow (n=3), full shadow (n=3), 

and nighttime LED (n=5) [1].    

 

 

 

 

 

 

 

 

 

 

 

 

                                                

Fig. 5 MAHLI images of the different lighting conditions. (A) full 

sunlight (Mojave_2 new_drt, sol 880) (B) partial shadow (Big_Arm, 

sol 999) (C) full shadow (Punchbowl, sol 813) (D) nighttime LED 

(Sayunei, sol 165) 

Table 1. Dust coverages under different lighting conditions 

Target Dust Coverage (%)* 

Full 

Sunlight 

Partial 

Shadow 

Full 

Shadow 

Nighttime 

LED 

Sayunei - 44 - 55 

Square_Top - 23 27 - 

Punchbowl - - 13 4 

Afton_Canyon 5 - - 1 

Mojave_2 

new_drt 

13 - - 19 

Big_Arm - 63 64 69 

* Within a 1.7 cm diameter centered circle representing APXS field 

of view [2]. 

We find that lighting conditions have a large effect 

on estimated dust coverages (Table 1). For example, 

Sayunei has a dust coverage of 55% in the nighttime 

LED image, but in the full sunlight image, the dust cov-

erage is less (44%). The target Punchbowl was found to 

have a dust coverage of 13% in the full shadow image, 

but when analyzed with nighttime lighting the dust cov-

erage was lower (4% coverage). Big_Arm, which is an 

‘as is’ target, has very similar dust coverages in both 

daylight conditions (1% difference) and a slightly 

higher dust coverage at night, though still similar over-

all (6% higher than lowest dust coverage). No consistent 

trend with changes in dust coverage as a function of 

lighting condition is observed. Although it is clear that 

lighting should be taken into account, it may be best to 

only use one lighting condition for dust coverage anal-

yses.  

Conclusions: Each target has its own unique prop-

erties and must be analyzed as such; dust coverage esti-

mates should be conducted on a case by case basis. Sur-

face topography, rock type and lighting can all greatly 

influence how dust is perceived in MAHLI images, as if 

the entirety of the dust is not uniform, some percentage 

may be lost during analysis. In order to avoid this and 

obtain the best results, each individual target must be 

examined with great attention to detail in order to deter-

mine which of the many variables may be influencing it 

and how to proceed accordingly. 
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