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Introduction:  Nearly all analyses revealing the 

thermal and geochemical history of volcanoes on Earth 
require large volumes of material to be retrieved, pre-
pared, and analyzed in a laboratory setting. To obtain 
the same level of information for lunar volcanoes, new 
techniques that require little to no sample collection 
must be developed. The presented project has expand-
ed a method to determine emplacement temperature 
and accumulation rate of volcanic deposits, which only 
requires measurements of outcrops [1] to be applicable 
to lunar conditions. Thermal constraints for volcanic 
eruptions on the Moon will allow for better under-
standing of the thermal evolution of the lunar crust and 
mantle, as well as the loss of gasses from the lunar 
mantle [2].  

Methods:  The empirical relationship between 
measurable characteristics (clast shape, connections 
and voids between clasts, and vesicularity) of volcanic 
deposits and thermal conditions during emplacement 
were developed by making experimental spatter piles 
at the Syracuse Lava Project (Fig. 1), tracking the 
thermal evolution of each clast, and then measuring 
morphological characteristics, such as the amount of 
connection and void space between clasts, and the ve-
sicularity, shape, and size of each clast. The relation-
ship was tested using thermal calculations, and then 
applied to natural spatter clasts at Craters of the Moon 
in Idaho, a lunar analogue studied extensively by the 
FINESSE project [3]. 

Results: The morphology of volcanic spatter corre-
lates to eruption temperature and time spent above 
700oC, which is approximately the glass transition 
temperature for experimental basalt at the Syracuse 
Lava Project. Higher temperatures and longer times 
correlate to more connections and fewer void spaces 
between clasts. Furthermore, lower interior vesiculari-
ty and more oblate clasts were formed at higher tem-
peratures and longer durations above the glass transi-
tion temperature. The range of conditions in which 
spatter forms is compositionally dependent with SiO2 
= 53 wt. % requiring emplacement temperatures of 
840oC-950oC and sintering times of 25-90 minutes 
while SiO2 = 49 wt. % fused spatter at 757-984oC for 
6-90 min. Numerical modeling can be used to match 
these emplacement temperatures and cooling trends 
and estimate accumulation rates, which range from 2-6 
m/hr for experimental clasts.   

Implications:  We present a new method requiring 
no sample collection to asses the thermal evolution of 
lunar volcanic deposits, providing key information on 
eruptive history of volcanic areas on the Moon. There  
is currently no way to remotely sense these data from 

 
Figure 1. Experimental spatter bombs are shown being stacked 
with thermocouples between each clast, the cooled product mim-
icked the appearance of natural spatter clasts (insert) from Cra-
ters of the Moon National Monument, Idaho. 
satellite imagery, therefore, landing on the Moon is 
critical to gain more understanding of the eruptive pro-
cesses that shaped our nearest neighbor. With the cor-
rect measurements, the eruption duration, explosivity, 
and eruptive column height can be garnered from out-
crops of scoria or spatter clasts. This type of material 
has been hypothesized to exist in several locations on 
the Moon, including the Marius Hills [4].  
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