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Introduction: The rheological characteristics of
lunar lava flows are yet to be fully understood.
Mathematical analysis of lunar rilles (LRs) can be
helpful in deriving these. This study compared the
dimensions and other rheological parameters of lunar
and terrestrial lava tubes. There were some successful
attempts at finding the reason behind the huge
dimensions of lunar rilles, and the existence of lava
channels/tubes as rilles. It was concluded that the
eruption temperatures of lunar lavas were relatively
very high, allowing them to flow for longer distances;
the low atmospheric pressure and gravity led to more
inflation, and thus to deeper and wider flows.
Data and Methods: In this study, the data from
Hurwitz et. al. [1] was used to study the lunar rilles;
while the ASU (Arizona State University) worldwide
lava-tube database revealed the dimensions of
terrestrial lava-tubes. The dimensions and floor-slope
were used to find out various parameters like viscosity,
effusion rate, etc. using various equations [2], [3], [4],
[5], [6] and [7]. The results are given in Table 1.
Results and Discussion:
1] It was observed that the length, width and depth
of lunar rilles is very high as compared to the lavatubes on Earth. The length of lunar rilles, for instance,
was 85-88 times more than terrestrial ones. This may
indicate 2 things - a) The lunar lavas were hotter than
terrestrial lavas; and b) The total mass of lava erupted
was much more than on the Earth. To check this, the
SiO2 and MgO contents were compared. It is known
that higher the SiO2 content and lower the MgO
content, the lower is the temperature of the lava. It was
found that average SiO2 was lower (45.4 wt%) and
average MgO higher (9.24 wt%) on the Moon [8] [9].
This implies that lunar lava was hotter and took a
longer time to cool, thus leading to the formation of
longer lava flows.
2] It was evident through calculations that the basal
stress in case of lunar rilles is 50% more than that of
terrestrial lava-tubes. This leads to 2 inferences: a) the
basal stress is higher because the flow depth is higher
on the Moon; and b) lunar lava-tubes have more
erosive power: their huge basal stress indicates high
substrate erosion, and loss of energy in displacing
substrate debris. Thus, the lava flows/channels form
rilles later on.
3] Average total lava mass of the lunar rilles is
observed to be 4764 times that of terrestrial ones. This

is the parameter which differs the most between the
lunar rilles and the terrestrial lava-tubes.
4] Average aspect ratio (AR) of the lunar rilles is
observed to be 4.2 times that of terrestrial ones. This
implies that inflation happens more vigorously in case
of lunar lava flows. Since atmospheric pressure and
gravity is less on the Moon, the lava flows are
relatively free to inflate to a larger extent. Thus, it can
be inferred from the above explanations that AR is a
function of both atmospheric pressure and gravity.
This also explains why vesicularity is significantly
negligible in lunar basalt as observed in the samples
from Apollo missions. Due to less atmospheric
pressure at the time of eruption, the degassing of
volatiles took place immediately and lost to the
dissipating lunar atmosphere.
5] Average yield strength of the lunar rilles is
observed to be half that of terrestrial ones. This means
that the lunar lavas were less viscous compared to the
terrestrial lavas. This reconfirms that the lunar lavas
were hotter at the time of eruption, thereby having
lesser yield strength. In addition, the low stress may
signify that they are less vesicular, since it is often
associated with high viscosity and/or yield strength.
6] The viscosity was calculated to check the
validity of the above argument and was found to be
460 times less on the Moon, indicating the argument to
be valid. This could suggest that the lunar magmas
didn’t experience heat loss and assimilation of the wall
rock in the magmatic plumbing system or while
ascending the crust. One possible explanation could be
due to the fact that the Moon's crust is definitely very
thin when compared to that of the Earth.
7] When ‘total lava-tube mass’(mlt) is plotted
against ‘erupted mass’(me), the trend-slope is found to
be higher in the graph for the LRs (Figure 1). in
comparison to lava tubes on Earth (Figure 2). This
implies that, compared to the Earth, the lunar rilles
consist of a huge portion of the total erupted mass of
lava. In other words, the LRs are more efficiently
formed than terrestrial lava-tubes.
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Table 1. Basic statistics of various parameters of lunar LRs and terrestrial lava-tubes, and their comparison.

Figure 1. Lava-tube mass [LT mass] against
erupted mass, for lunar rilles (n=190 rilles).
The relation is found to be:
mlt = 0.000351me – (9.64 x 1010)
R2 = 1

Figure 2. Lava-tube mass [LT mass] against
erupted mass, for terrestrial lava-tubes
(n=30 lava-tubes). The relation is found to
be:
mlt = 0.000171me – 5150000
R2 = 0.998 = (~1)

