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Introduction:  Volcanism is the most important en-
dogenic process on the Moon. Individual mare lava 
flows on the Moon have been recognized from lunar 
orbiter images ever since the Apollo era [1-5]. The 
morphological dimensions of lava flows are usually 
employed to infer the rheologic properties of magmas 
in planetary sciences [3, 4, 6-8], which can help signifi-
cantly in researching planetary volcanism in lieu of 
igneous rock samples. Previously we documented the 
morphological and topographical features of an Eratos-
thenian lava flow within Mare Imbrium [9]. The indi-
vidual lava flow which crosses a series of wrinkle 
ridges and overflows two basaltic units (U20 to U1 
then U20 in [10]) is more likely to originate from the 
Euler source region in SW Mare Imbrium (Fig. 1). In 
this study, we mapped the results of the eruption and 
emplacement process of the individual lava flow, and 
assessed how the observed effects can improve our 
understanding of our models of tectonic topography 
formation and lava flow emplacement and cooling 
behavior. 

Results and Discussions:  We analyzed a specific 
lava flow that displays strong interactions with local 
relief and wrinkle ridges (Fig. 2). In our previous ab-
stract [9], we suggested that pre-existing relief can 
greatly influence the lava flow. Using crater size-
frequency distribution method, we estimated the age of 
the lava flow to be ~3.03 (+0.17/-0.28) Ga, which is in 
good agreement with 3.0–3.6 Ga of U1&U20 [10].  

We first focused on two most notable features: the 
deep central channel and an absence of central channel 
in the later flow process. A deep central channel is 
present in the first stage of the lava flow and at some 
locations the channel is deeper than the deposited lava 
(Fig. 2de). This indicates that during the initial em-
placement of the flow thermal erosion took place, and 
by implication turbulence was present, at least as far as 
TP21, about 200 km from the inferred vent. We find 
that between TP2 and TP12, where the lava is flowing 
over U20, the average amount of erosion is ~1.7 ± 1.5 
m, whereas between TP12 and TP, where the lava 
flows over U1, the average erosion is ~3.2 ± 2.6 m. 
Using estimates of lunar regolith formation rates of 1.2 
m/Ga [11] and 1.3-3.7 m/Ga [12], the 0.6 Ga interval 

between the emplacements of U1 and U20 would have 
led to the formation of 0.7-2.2 m of regolith. The dif-
ference between our estimates of the amounts of ero-
sion of the older and younger surfaces is ~1.5 m, en-
tirely consistent with this. We infer that the turbulent 
flow began to erode the substrate as it crossed U20; on 
reaching U1 it quickly stripped away ~1.5 m of rego-
lith and then began to erode the more coherent U1 lava 
that was exposed. In both parts of the flow ~1.7 m of 
bedrock was removed. Erosion no longer occurred 
after the flow crossed back onto U20, implying that 
turbulence ceased at this location. 

Since we infer that the lava leaving the vent was tur-
bulent, we first find its velocity using a near-vent flow 
thickness of 10 m and a viscosity of 0.24 Pas, appro-
priate to a high-Ti Eratosthenian basalt erupted at its 
liquidus temperature [13]. This leads to a velocity of 
2.12 ms-1 [14] which implies an erupted volume flux of 
~2×105 m3 s-1, well within the range predicted for mare 
lava flows by [14]. When approaching the location of 
lava after ~200 km, the lava velocity is estimated to be 
0.97 m s-1; finally, the flow advance velocity at the 
terminus must be zero. Assuming a continuous varia-
tion of the advance velocity with distance from the 
vent we can find the time that the flow front would 
have reached a given distance. Where ponding was 
taking place, the advance rate would have been re-
duced in inverse proportion to the width of the pond 
being created, and taking account of this we give the 
implied times after the start of the eruption that the 
flow front reached key locations in Table 1. The im-
plied duration of the eruption is ~4.6 days. Note that 
this is probably an underestimate, because the eruption 
rate almost certainly decreased with time [14], and so 
the emplacement of the distal part of the flow would 
have taken place more slowly than the velocities we 
have assumed imply. 

Based on the observations of lava (Fig. 2c), we 
found that some ridges did not exist at the time of the 
lava flow; while some were at a very early stage of 
development, the height of early-aged R2 is ~20-25 m 
vs. 200 m at present. The present lava flow morpholog-
ical features must have experienced long and multiple 
modifications by regional tectonic activity, including 
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Table 1. Times of arrival of the lava flow front at spe-
cific locations along the flow (with a slope of sin a= 
0.0004). 

Location 
Distance from 

the vent Arrival time 

/km /hours 
start of LP1 162 27.8 
end of LP1 176 35 
start of LP2 183 36.7 
end of LP2 194 44.8 
start of LP3 201 46.8 
end of LP3 218 57.7 
start of LP4 258 74.2 
end of LP4 272 87.2 
end of flow 286 111.2 

ridge uplift, basin loading and so on. Finally, we sum-
marized the paleo-geological emplacement process 
(divided into eight phases, Fig. 3) of the Imbrium flow.  

Conclusions: We found that: 1) the geometry and 
morphologic features of the lava flow can be signifi-
cantly affected by pre-existing topography. 2) Morpho-
logical features demonstrated a complex tectonic histo-
ry, indicating that several early low wrinkle ridges 
must predate the studied lava flow. 3) The existence 
and disappearance of lava channel/levee structure are 
relevant to the lava properties, especially in turbu-
lent/laminar modes. 4) The lava flow was possibly 
accomplished in less than five days, occurring in the 
very early period of the regional wrinkle ridge for-
mation. This lava flow history provides new insight 
into the interplay of regional volcanism and tectonism 
and late-stage lunar thermal evolution.  
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Fig.1 Geologic background of Mare Imbrium. (All in equi-
distant cylindrical projection). 
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Fig 2. Detailed topographic analysis of lava geometry.  
 

 
Fig 3. Paleo-geological sketch map of the studied lava.  
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