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Introduction: A petrographic thin section is a 

rock, mineral or soil sample, mounted on a glass slide 
and then ground to approximately 30 µm in thickness 
and subsequently polished with a fine abrasive, often 
diamond grit (Fig. 1). Thin sections are prepared in 
order to identify mineral types in a rock, to help to 
reveal the rock’s origin and evolution.  

 
Figure 1. An example of a thin section (~ 2 inch long 
and ~ 1 inch wide). A 30 µm rock is epoxy onto the 
glass slide.  

 
Thin sections are examined with a polarized light 

microscope, in which they are placed between two 
polarizing filters oriented orthogonally to each other. 
The optical properties of the minerals in the thin sec-
tion alter the color and intensity of the light, as seen by 
the viewer. Because different minerals have different 
optical properties, this method can be used to identify 
most of the constituent minerals in a rock, and, to 
some extent, mineral composition. If a polarizing mi-
croscope is not available, light microscopy can still be 
used to evaluate mineral texture, and structure, allow-
ing some mineral identification to be made. If in-situ 
chemical analysis tools (microprobe instruments) are 
used to compliment the optical analysis, mineral com-
position can also be determined.  

In a laboratory setting, thin sections are prepared 
manually and it takes years of experience to become 
proficient in the technique. Part of the art of thin sec-
tion preparation is the skill of judging the thickness of 
a rock slice, as it is being ground down and the surface 
finish (it is very easy to miss the correct thickness and 
in turn ruin the thin section). This is commonly done 
by examing the section under a polarizing microscope 
and looking for the interference colors that are related 
to the thickness of known mineral grains.  

Current in situ instruments on planetary missions, 
such as various spectrometers are quite capable, but 
there is often ambiguity as to the exact mineral compo-

sition of geological samples. For example, the compo-
sition of lunar mare regolith, the underlying basaltic 
rock, an impact breccia made from the local regolith, 
or an impact glass made from melted regolith may be 
quite similar by optical remote sensing, but the materi-
als can all be distinguished using a petrographic thin 
section (see for example Figure 2).  

 
Lunar basalt in transmitted light. 

 
Same thin section in polarized light. 

Figure 2. The transmitted light image shows silicate 
minerals (transparent) and ilmenite and sulfide miner-
als (black). At least three distinct silicate minerals 
(feldspar, pyroxene, and olivine) can be distinguished 
by their contrast and mineral texture. In polarizing 
light, these observations are further confirmed by in-
terference colors [1]. 
 

Challenges in the robotic preparation of thin 
sections:  There are a number of steps involved in the 
traditional preparation of thin sections and some of 
them might be virtually impossible to perform roboti-
cally. In those cases, a different means of rock prepa-
ration will have to be invented as a substitute. The 
steps that are followed in the laboratory during the thin 
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section preparation are as follows: first, a rock needs to 
be selected and cut to a cuboid shape, approximately 
40 mm long by 20 mm wide by 20 mm thick. Next, 
one of its sides is ground and polished and then glued 
to a glass slide, with the rough side up. The rough side 
of the sample is then cut to 5 mm thickness and then 
ground down until the preparer, based on the colors 
seen under a polarizing microscope, makes a decision 
as to whether the thickness is adequate. The sample is 
then polished to achieve better surface finish and once 
again viewed under the polarizing microscope until the 
preparer recognizes that the sample is ready.  

The main challenges in robotics thin section prepa-
ration, therefore, will include the following operations: 
1. slicing of a rock to the correct dimensions,  
2. gluing (e.g. epoxy) or using other means to attach 

the sliced rock to a supporting, transparent slide, 
or otherwise provide support to the thin section, 

3.  grinding the rock to ~30 µm thickness (and meas-
uring this thickness), making sure that the two op-
posite sides of the rock are parallel, and 

4. polishing the ground rock surface to an adequate 
surface finish. 

All of these operations need to be completed in a 
vacuum environment and all grinding would need to 
be done dry (normally, wet grinding is done in a labo-
ratory setting).  

Research Plan. Keeping in mind the above men-
tioned steps and in order to realize robotic thin section 
device, the following tasks need to be performed: 
1. Determine polished finish requirement of thin 

sections on appropriate analog samples, 
2. Investigate methods for slicing rock to correct 

dimensions, 
3. Investigate grinding and polishing of rock to thin 

section finish quality 
4. Investigate epoxy and backing material applica-

tion. 
Surface roughness: A substitute method for the qual-
ity control of thin sections could be done with pro-
filometry, the measurement of surface roughness at 
very fine scales. To test this new method, profilometry 
measurements were undertaken on manually prepared 
thin sections.  Figure 3 shows a high resolution profile 
of a well polished thin section of basalt. A 
Wyko/Veeco Optical Profiler was used to image part 
of the sample at low resolution. This image was then 
used to identify a particularly smooth region within the 
area and a high resolution image was then performed 
there. The surface statistics of the high resolution re-
gion were then computed, as well as select line profiles 
within the area.  

It was found that the average surface roughness 
(Ra, the total area of the peaks and valleys divided by 

the evaluation length. The total area of the peaks above 
the mean line should be equal to the total area of the 
valleys below the mean line) of a laboratory prepared 
thin section was on the order of 100 nm (Figure 3).  
 The Rock Abrasion Tool (RAT) was developed by 

Honeybee Robotics to penetrate a few millimeters into 
the rocks on Mars [2]. It uses diamond impregnated 
resin with diamonds of the order of 100 µm in size, to 
grind into rocks surfaces. The operation is done dry. 
The surface ground by the RAT as seen in Figure 4, 
was therefore taken as a benchmark. It was found that 
the surface roughness of basalt ground by the RAT, 
was 1.28 µm, which is an order of magnitude higher 
than the surface roughness of a laboratory prepared 
thin sections.  

Figure 3. Surface roughness of a manually polished 
basalt thin section. The section is ~ 1 mm long and 0.8 
mm wide 

 

Figure 4. Profilometry of a basalt surface ground with the 
Rock Abrasion Tool. The section is ~ 0.7 mm long and 
0.5 mm wide. 

The surface roughness of a laboratory prepared pol-
ished thin section might be too difficult to obtain ro-
botically, however, the surface roughness achieved by 
the RAT can probably be improved (an obvious way 
would be to reduce the diamond size). In future studies 
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it will be determined what surface roughness will be 
adequate for a good quality thin section and what dia-
mond abrasive will achieve the required surface rough-
ness in dry a grinding/polishing operation.  

Conclusions: Thin section preparation is an art and 
not science. The quality of thin section is assessed by a 
preparer based on his/hers experience. In order to 
make the robotic thin section device, the first step is to 
quantify parameters that control the quality of thin 
sections. These include the thickness and surface 
roughness. The next step is to develop a robotic device 
that could take a rock, cut it and grind it to the desired 
surface thickness and surface roughness.  

In the first year of this three year effort, the pa-
rameters that determine thin section quality have been 
determined. The test set up for the sawing of rock and 
grinding/polishing of thin sections is currently being 
designed. A study is also underway to determine the 
best method of supporting the thin section during the 
grinding and polishing stage. 
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