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All materials exposed at the lunar surface undergo space 
weathering processes, including rocks. As witness plates to the 
effects of space weathering, rocks and boulders experience longer 
exposure times compared to individual soil grains.  Studying these 
patinas allows us to develop a deeper perspective on the relative 
importance of various weathering processes as a function of time. 

Building upon our earlier work on patina-coated chips 
from lunar rock 76015 [1,2], we obtained a thin section 
(TS), 76015,10, which has a discontinuous patina coating 
extending over ~2 cm of the TS. The thin section provides 
a more extensive lateral and cross-sectional view to 
examine the nature of patinas on a much larger scale than 
our previous  nano-scale TEM work. 

The patina, where present, is typically several micrometers 
thick, but ranges up to 10s of micrometers in places. The patina 
layer is far from continuous, fresh rock surfaces are exposed in 
many places, consistent with a complex equilibrium between 
the spatially non-uniform deposition by impact melts and 
vapors and destruction by micrometeorite cratering over time. 
Two distinct types of patina were identified in the sample. 

“Classic” patina, typified by FIB#2, is composed of 
complex layers of small glass units, many of them 
nanophase iron-bearing, and frequently contains 
micrometeorite craters and entrained mineral grains.   

“Fragmental” patina, seen in both 
FIB#1 and FIB#3, consists of fine-
grained fragmental material welded 
to the surface of the rock.  

Two distinct types of space weathering patinas were identified from the 76015 TS. Both types of patina apparently develop 
rapidly on lunar rock surfaces. An optically thick layer of classic patina can be deposited on a ~105-year timescale, while the 
less common fragmental patina consists of deposits of material up to several micrometers from a single event.  
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The substrate minerals beneath the patina coating contain high densities 
of solar-flare particle tracks. The track densities are comparable to the 
highest densities observed in lunar soil grains [4] and suggest that µm-
thick patina layers accumulate rapidly, on a time scale similar to the 
exposure age lifetime of small regolith grains (on the order of 105 yrs). 
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Characteristics of Fragmental Patina 
• Confined to one region of the thin section 

– Dominate type in that region 
– Suggests a localized process 

• Largely concentrated in depressions 
• Glassy grains largely share similar chemistry 

– Heterogeneous at nanoscale with microcrystals 
• Frequently capped with classic patina 
• Variable porosity 

– FIB#1 is densely packed, FIB#3 has >30% porosity 

FIB#2 was pulled from the TS from the area 
indicated by the yellow line on the BSE image 
above left.  The location of the close up 
images above are indicated on the map to the 
left. Note the wide range of chemistry in the 
glass units. 

This BSE mosaic shows a typical 
section of the patina-coated surface  
exposed in the thin section. 

This BSE mosaic shows a section of 
the exposed surface where 
fragmental patina dominates.  

FIB#1 is a low-porosity endmember of fragmental patina.  It is capped by a thin 
layer of classic patina. The close-ups below show the unique texture of the patina. 

FIB#3 is a high-porosity 
example of fragmental 
patina. While the glassy 
particles are all similar in 
nature to the close-up 
shown at right, they are 
heterogeneous on a nm-
scale, as demonstrated by 
the Mg (blue)/Ca (red) 
map below.    
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