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Introduction:  The origin of sinuous rilles on the 

Moon remains enigmatic.  While originally considered 
to have been carved by flowing water [1-3], the Apollo 
missions showed the rilles to be volcanic.  However, it 
is still unclear if they are predominantly constructional 
or erosional and whether the lava was transported 
through stable lava tubes or partially roofed lava chan-
nels.  This uncertainty is frustrating, given that the 
Apollo 15 mission included astronauts entering part of 
Hadley Rille and returning samples from its walls.  
Does this point to the futility of humans conducting 
physical volcanology studies on the Moon?  Or is this 
a stark demonstration of the immaturity of our under-
standing of lava flows in the early 1970s?   

Reinterpretation of Apollo-Era Observations:  
At least two layers of rock were observed in the far 
wall of Rima Hadley by the Apollo 15 astronauts (Fig. 
1a), but it is not clear that these are exposures of mul-
tiple lava flows as originally hypothesized.  The obser-
vations are also consistent with a single lava flow that 
thickened via injection of liquid lava underneath of 
continuous stable crust (i.e., inflated pahoehoe).  An 
outcrop sketch from the Apollo 15 Preliminary Science 
Report [4] (Fig. 1b) is remarkably similar to the field 
sketches of the central parts of inflated pahoehoe lava 
flows (Fig. 1c).  The upper layer could be simply the 
transition from regolith/soil to more competent rock 
and the lower layer could be the transition from the 
vesicular flow top to the dense interior of a lava flow.   

The inflated pahoehoe hypothesis is supported by 
the rock containing horizontal vesicle sheets (HVSs) 
that the Apollo 15 astronauts photographed but did not 
collect (Fig. 2).  HVSs form during the post-
emplacement freezing of an inflated lava flow [5].  The 
late stage melts become enriched in incompatible and 
volatile elements and thus become more vesicular and 
less dense.  This differentiated residuum then rises as 
buoyant columns that are sometimes preserved as vesi-
cle cylinders [6].  This material then spreads out along 
the base of the solidified upper crust.  HVSs cannot 
form while there is significant lateral motion of the 
lava because the buoyant diapirs are mixed back into 
the flow.  HVSs have only been reported in lava lakes 
and inflated pahoehoe lava flows.  Since the rille is 
unequivocal evidence that the lava was a flow and not 

a lake, it can be concluded with a high degree of confi-
dence that this in an inflated pahoehoe lava flow.   

This hypothesis helps explain some other previ-
ously confusing observations.  The astronauts reported 
climbing over a shallow ridge as they approached the 
rille’s edge [4].  This was taken as evidence of levees 
along a lava channel.  However, tumuli and pressure 
ridges can form over lava tubes, producing a local to-
pographic high.  In fact, a line of tumuli was used to 
identify the location of a lava tube in the Carrizozo 
Flow Field in New Mexico [8].   

Perhaps the most puzzling observation at Hadley 
Rille was that the plains to the east of the rille are a 
few tens of meters higher than the west side.  This ele-
vation difference did not fit the lava tube or lava chan-
nel models of the time.  However, such topographic 
variations are expected on an inflated flow.  The higher 
plains to the east could be a large inflation plateau.  
There is no requirement that the lava tube feeding the 
plateau run through its center.   

Overall, the Apollo-era observations are consistent 
with Hadley Rille being a drained (and collapsed) lava 
tube that formed within a thick inflated pahoehoe flow.  
The great thickness of the flow (possibly greater than 
400 m) is outside our terrestrial experience.  However, 
given the lower gravity on the Moon, it seems plausi-
ble that the flow thickness could be correspondingly 
larger.  The thickness could be less if the lava tube 
eroded its substrate mechanically, as is observed to 
happen in Hawaii [9].   

In conclusion, future human exploration of lunar 
volcanic terrains should yield much more insight than 
the Apollo missions, simply because we have learned 
so much more about lava flows in the >30 years that 
have passed.   
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Figure 1 (next page).  Rima Hadley wall.  (a) Digitized version of Apollo 15 photograph AS15-89-12115 

showing layering in the wall of Hadley Rille.  (b) Inset on the left is an outcrop sketch map of the wall of Hadley 
Rill (Figure 5-37 from [4]).  (c) Inset on the right is an idealized cross-section through an inflated pahoehoe flow in 
the Columbia River Basalt Group from [4].  The Apollo 15 sketch is an extremely good fit to the transition between 
the vesicular upper crust and the dense core, a region marked by abundant vesicle sheets.   
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Figure 2.  Rock containing a horizontal vesicle sheet.  Digitized version of Apollo 15 photographs AS15-82-

11130 and AS15-82-11131.  Horizontal vesicle sheets are characteristic of inflated pahoehoe lava flows [4].   
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