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INTRODUCTION: 

LUNAR TARGETS: 

HOW DOES THIS SIGNAL CHANGE WITH DENSITY/SIZE/DEPTH? 

GRAVITY RESPONSE TO MULTIPLE BOULDERS: 

WHEN CAN WE DISCERN TWO BOULDERS FROM ONE? CAN WE TELL THE DIFFERENCE BETWEEN AN ANGULAR AND 
A ROUND BOULDER? 

LUNAR TARGET 3: SKYLIGHTS AND LAVA TUBES 

GRAVITY RESPONSE FOR A SINGLE BOULDER: 

LUNAR TARGET 2: BURIED BOULDER FIELDS 

GRAVITY RESPONSE TO CURVED LAVA TUBE AND SKYLIGHT: 

•  Surface gravity surveying is a well developed terrestrial geophysical technique, used to detect 
density variations in the subsurface, thus potentially revealing new features of the local geology 
that will impact our understanding of the exposed bedrock and structures on a regional scale.  

•  Several satellite and manned missions to the Moon have provided gravitational data. 
•  GRAIL (Gravity Recovery and Interior Laboratory) has the highest resolution global gravity field from 
a satellite mission to date, of about 13km [1]. 
•  Resolution of satellite surveys is limited by altitude. 
•  Need surface gravity surveys to detect small scale subsurface structures on the Moon. 

•  Performing a high-resolution gravity survey on the surface of the moon is entirely viable. 
•  Space travel to the moon becoming more accessible than ever. 
•  Rapid advances in space gravimetry instrumentation have being made. 

•  Here we present the gravity signals that would be generated by various Lunar geologic features 
of interest using a rover-mounted, highly compact gravimeter and gravity gradiometer being 
designed by Gedex Inc.; a Toronto-based geophysics company. We use these results to access 
what major science questions can be answered using this technique. 

Rock	  Type Regolith	  (<10m) Highland	  Rock Mare	  Basalt Metallic	  Ore 
Approximate	  Density	  (kg/m^3)[2] 1500-‐1900 2000-‐2500 3100 8000 

LROC NAC Observation: M168862555R 

Normalize by max(gzz) 

Max(gzz)/gzz(0) 
 doesn’t change 

Same shape! FWHM doesn’t change 
with density contrast 

Vary density for fixed separation, r, d: 

Vary separation for fixed density, r, d: 
FWHM 

increases with 
separation 

Max(gzz)/gzz(0) 
 increases with 

separation 

*Max(gzz)/gzz(0) helps quantify the amplitude of the dip of the profile.* 

↑	  Separa@on	   ↑	  Depth	   ↑	  Density	  
Contrast	  

Amplitude	  of	  PerturbaFon	  
max(gzz)/gzz(0):	  

↑	   ↓	   Constant	  

Full	  Width	  Half	  Max	  (FWHM):	   ↑	   ↑	   ↓	  

MARIUS HILLS ANCIENT LAVA TUBES+ PIT CRATER/SKYLIGHT: 
NAC Mosaic: NAC_ROI_MARIUS _LOC_E138N3037 

RILLE B 

RILLE A 

HARUYAMA SKYLIGHT 
 TOP VIEW 

LAVA CHANNEL IN HAWAII LAVA TUBE + SKYLIGHT 
 IN HAWAII 

HARUYAMA SKYLIGHT 
SIDE VIEW 

LAVA TUBE FORMATION FROM LAVA CHANNEL: 

100 m 

Model	  Parameters	  [6]:	   Size	  (m)	  

Skylight	  Width	  	   65	  

Skylight	  Depth	   80-‐88	  

Above	  Basalt	  Sheet	  
Thickness	  

20-‐25	  

Width	  of	  Lava	  Tube	   500m	  

MAP VIEW OF MODEL: SIDE VIEW OF MODEL: 

CONCLUSIONS: 

FUTURE WORK: 

Left: Lunar surface rock abundance from the Diviner nighttime multispectral thermal infrared measurements [3] 
superimposed on top of LROC WAC Digital Elevation Model [4] for a a ~11000 km2 boulder field near 168°E, 
43°N. This region has higher than normal rock abundances, up to 23% areal coverage for blocks >1m in 
diameter (for comparison, typical highland rock abundances in the region are ~0.5%). Typically, boulder fields 
are associated with new impact craters. However, for this particular region there is no obvious nearby source 
crater. It has been suggested that this boulder field was a result of ejected material from the Tycho ray crater.[5] 
Right: LROC NAC image showing close-up of individual boulders in the boulder field. 

1 km 

CIRCLE CUT OF GRAVITY DATA FOR RADIUS=1000m: 

CIRCLE CUT OF GRAVITY DATA FOR RADIUS=500m: 

VERTICAL GRAVITY: 

VERTICAL GRAVITY GRADIENT: 

When max(gzz)/gzz first exceeds unity, a dip in the center of the two spheres forms. At this 
point we can say that the two spheres are discernable, assuming little noise and finely 
spaced measurements across the profile. 

Diviner Rock Abundance (0-5%) 
LROC WAC DEM  
~168°E, 43°N 

LROC WAC Observation: Young Unnammed Crater near 3.348°N, 259.724°E  

Impact Ejecta Material: 
Angular Boulder with 

Radius ~ 75m 

GRAVITY:  GRAVITY GRADIENTS:  

SENSITIVITY OF 
GRAVIMETER 

SENSITIVITY OF 
GRADIOMETER 

VERY SMALL 
CHANGE 

All above 1  

At the sensitivity of both the gravimeter and gradiometer being designed by Gedex:  
•  Most lunar subsurface features must have a minimum spatial extent of about 20-200m to be 
detectable, depending on density contrast with background material. 
•  Would not be able to determine the difference between an angular  and a rounded boulder. 
•  Two boulders can be discerned from one another after their separation ≥ depth. 
•  Can use gravimeter to tell the difference between a pit crater and a skylight, by traversing around 
the hole on a circular path that exceeds the diameter of the lava tube. 

 

The Apollo 17 mission carried a gravimeter, which was 
used to measure the local gravity field near the landing 
site [7]. This survey, called the “Traverse Gravimeter 
Experiment” (TGE), was the first and only successful 
gravity survey on the surface of the moon to date. The 
original analysis of the data used a 2D forward modelling 
approach. We plan to improve the analysis of the TGE 
data using an updated elevation model for the region, and 
a more complex cross section (valley geometry, layered 
units, edge effects, local structures, buried deposits, etc). 

LROC NAC: M143526611LC 

LUNAR TARGET 1: BURIED BOULDER 

CAN WE USE  GRAVITY SURVEYING TO LOCATE LAVA TUBES? 

Updated geologic cross-section for Apollo 17 
landing site, from the LPI Technical Report 
Number 92-09, Part 1 [8]. 
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