
•  

Modeling Impact Melts:
• ASUWIT: 13.7-m long, 0.7 m high, 1.2 m wide 
open-circuit boundary-layer wind tunnel that op-
erates under ambient temperature and pressure 
conditions and is capable of wind speeds of 30 
m/sec
•  Viewing area of test bed  encased by plexi-glass 
with doors to access test section for the setup of 
experiments
• ASUWIT facility can measure wind speed, tem-
perature and humidity inside the tunnel, and 
physical conditions in the room outside of the 
tunnel are also collected
• Controlled by Windows based computers run-
ning National Instrument’s LabView™ 2010 data 
acquisition software
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Rille length, width, slope

Rille topographic data collection
High-resolution (≥ 50 m/pixel) NAC footprints, stereo DTMs and LOLA tracks from NASA’s LROC were the key sources of topographical input parameters for 
the model. Data collection was facilitated by an extensive use of the ArcGISTM software, which enables creation of stacks of individual image layers. Lava thi-
cknesses were not constrained by high-�ow marks on rille walls, thus we choose a value of 10 m, consistent with estimates on individual lunar �ows (Scha-
ber, 1973; Gi�ord and El-Baz, 1981), and allow for thickness to vary down to 3 m, to explore how �ow regime also varies as a function of lava thickness.

  Small, young craters on Vesta display a wide variety of lobate 
ejecta deposits. East of the ~60-150 Ma, ~60 km dia

 

Sinuous meandering sugges-
tive of turbulent flow

 

Depth values of 55-65 m are found at the source region. As we move downstream, depths decrease to ~35-40 m until values of 30-35 m are measured near 
the rille terminus. At a few rille sections, the measured depth is much smaller (due to �ows that have partially �lled the area). The slope of the ground varies
between 0.8° and 1.6°, which are used as upper and lower end values. Rille width is in the range 200-300 m and an average value of 250 m is chosen.

After accounting for the meandering path, the rille length is determined to be ~180 km.

Summary and Conclusions
 
• A 10-m-thick turbulent lava flow may have 
formed the Rimae Posidonius sinuous rille.

• The collected rille topographic data (including a 
longer rille length) was used to constrain erosion 
rates and depths by low-viscosity turbulent 
lavas.

• A 10-m-thick lava flow is a better match for the 
range of erosion depths observed at the rille 
source and terminus, which likely formed over a 
minimum time of 60 days.

• Total lava volumes lie within the range obtained 
in modeling the Rima Prinz rille.

• An advanced version of the model will allow for 
partial fracturing of substrate, and incorporate 
elements from available models of mechanical 
erosion. 

A sinuous rille in 
Posidonius crater 

   Rimae Posidonius is a sinuous rille located on
   the western edge of the 100-km-diameter Po
   sidonius impact crater (inset - Figure 1).

   The rille lies on top of older, smooth mare la-
   vas that bury part of the crater wall. 

   The highly sinuous shape of Rimae Posidonius
   is suggestive of an erosional process by turbu-
   lent lavas.

Figure 3. LROC WAC mosaic at 100/pixel of the Rimae Posidonius sinuous rille. 
The rille spans over 180 km in length (if accounting for the meandering path). 
The white arrow points to the rille.

Figure 5. Close-up view of boulders, derived from the mare lavas that �ooded 
the crater, outcropping from the eastern rille wall. The rille is on the left of the 
exposed rocks. Image width is 500 m. Courtesy of NASA/GSFC/ASU.

Background
 

    According to Hulme (1973), lunar sinuous ril- 
    les may be the result of erosion by low-visco-
    sity, high-density and high-temperature tur -
    bulent �ows of mare basalts.

    The analytical-numerical model developed by
    Williams et al. (1998) to investigate thermal e-
    rosion by turbulent lava under various condi-
    tions on the Earth and the Moon involves bo-
    th a physical and geochemical approach, and
    calculates erosion rates and depths with time
    as a function of distance from the source.

    The �ow is one-dimensional (in the x-directi-
    on ),  with thermal erosion in the z direction. 
    Lava erupts as a turbulent �ow with a mixed
    interior. The model includes: 1) the e�ects of
    lava rheology changes due to assimilation of
    eroded substrate, 2) the lava temperature de-
    creases as the �ow moves downstream, and 
    3) �ow thickness increases as velocity decrea-
    ases (thickness is used as proxy for �ow rate).
    
     3 - D �ow rates are obtained by multiplying  
     �ow velocity by �ow thickness and width.

Figure 2. LROC NAC image M1098658474R. The S-shaped 
meanders characterizing Rimae Posidonius. The very tight 
curves are strongly suggestive of an erosional process by 
low-viscosity turbulent lavas.

Figure 4. LROC NAC image to which Lunar Orbiter Laser Altimeter (LOLA) data was 
added by the ArcGISTM software, to collect rille topographic data, important input 
parameters for the model.

Erosion rates and depths
Channelized 5-10-m-thick lavas could have erupted as turbulent �ows on the Moon, if 
erupted near their liquidus temperature. Erosion rates vary between 0.32 -1 m/day for a 
10-m-thick �ow. Total lava volumes (151-189 km3) lie in the range obtained in modeling 
the Rima Prinz rille (Hurwitz et al. 2013). A 10-m-thick �ow better explains observations.

Figure 6. Erosion depths plotted against distance from lava source. All values are for a 60 
day time period, the minimum time that explains observations. 

Figure 7. LROC NAC image M1098658474R. Portion of rille 
close to the north-western crater walls. Toward the top of 
the frame there is a tributary rille.

Figure 1. Photograph of the Moon, showing the location of 
Posidonius crater, where the Rimae Posidonius rille is found.
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