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Introduction: Apollo 16 and 17 were the final hu-

man exploration missions to the Moon. With renewed 

interest in a human return to the Moon, the Apollo mis-

sions have more relevance than ever. Using a combina-

tion of Lunar Reconnaissance Orbiter Camera (LROC) 

images and Apollo mission data, we derived spatio-tem-

poral traverse maps of astronaut and rover movements 

for the Apollo 16 and 17 missions. 
Data Sources: As with our spatio-temporal maps 

for previous missions [1-3], we used photo, video, and 

audio data from the Apollo missions [4,5], as well as 

mission documents such as the  Lunar Surface Proce-

dures (LSP) [6,7] and press kits [8,9]. Initial traverse 

mapping was guided by previous efforts [10-15].   
Apollo 16. Apollo 16 did not have synchronized au-

dio [16] and video [17] files; we performed this syn-

chronization ourselves. In addition to the above refer-

ences, Brian McInall mapped rover and astronaut 

traverses near the LM and at selected stations, available 

at [18]. 
Apollo 17. Apollo 17 had three additional resources: 

[19,20], which identified station, equipment, sample, 

and photograph locations, as well as [21], which com-

bined mission video, transcripts, and photography to 

give a real-time look at the mission [22]. 
Methods: Following the methodology described in 

[1,2,3] for previous missions, we mapped onto the 

LROC Narrow Angle Camera (NAC) 50 cm orthomo-

saic and 60 cm orthomosaic from the Apollo 16 and 17 

landing site digital terrain models (DTMs), respectively 

[23]. To amplify the astronaut tracks in our available 25 

cm sampled NAC images, we aligned a set of overlap-

ping images and took a pixel-by-pixel average. 
Astronaut traverses. Using a combination of high-

resolution images and mission data and reconstructions 

from [4,5,21], we identified each moment that an astro-

naut moved to a new position on the surface, and placed 

a path between consecutive points. If tracks were visible 

in the image maps, we mapped them accordingly; if not, 

we assumed a straight path between points, except in 

cases where the astronauts would have needed to cir-

cumnavigate blocks or equipment.  

Rover traverses. We verified rover paths and, in 

some cases, adjusted from those presented in [10-15] by 

identifying rover tracks from images with varying inci-

dence and phase angles. Most changes were near the Lu-

nar Modules (LM), including the Apollo 16 “Grand 

Prix,” and the Apollo 17 EVA 1 start and end.  
Uncertainties:  Temporal uncertainty was esti-

mated from the differences between the timestamps of 

audio recordings synchronized to the videos and the 

transcript timestamps [4] and is estimated to have a 

maximum of 100s for Apollo 16, and 30s for Apollo 17. 
We determined spatial uncertainty through compar-

ison with equipment locations in [24]; for Apollo 16, it 

was up to 3.4 m latitudinally and 2.5 m longitudinally. 

The Apollo 17 spatial error was up to 4.1 m latitudinally 

and 5.6 m longitudinally. We have not determined how 

this uncertainty changes further from the LM. 

Rover tracks fall into two categories: observable and 

approximated. The observed tracks, identifiable in NAC 

images, are accurate within the uncertainty of the base-

maps. The approximated tracks are represented by 

straight lines, though may have some bends to avoid ge-

ographic obstacles. For Apollo 16, the longest stretch of 

approximated track is ~43 m; for Apollo 17, where the 

tracks are less visible due to the nature of the underlying 

regolith, it is ~477 m. To estimate the spatial uncertainty 

of the approximated tracks, we measured deviation in a 

straight-line stretch of known tracks of similar length to 

these longest approximated tracks. These deviations 

were ~9% for Apollo 16 and ~12% for Apollo 17. 

The rover traverse timing was interpolated assuming 

a constant rover velocity. These calculations assume 

that locations and transcript times are accurate for the 

associated timestamps. 

Summary: New spatio-temporal maps of the two fi-

nal Apollo missions with accurate placements of sam-

ples, images and equipment allows for detailed studies 

of the data collected during these missions, but would 

also aid in geologic mapping and future mission plan-

ning. Interactive versions of these maps are available 

online at [25] and [26]. 
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Fig. 1 a. Apollo 16 spatio-temporal traverse map. Note the north arrow pointing to the right.  b. Station 11 mapping, 

with the commander (“CDR”) and lunar module pilot (“LMP”) traverses, as well as the rover traverse.  Note the north 

arrow pointing up. 

 
Fig. 2 a. Apollo 17 spatio-temporal traverse map. b. Comparison of our EVA 1 rover traverses around the LM (fuch-

sia) with those presented in [13] (black). We identified past track locations by examining Apollo 17 photos, video, 

and transcripts [4,5,21] in conjunction with LROC NAC basemap images.  
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