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Introduction: Explosive volcanic deposits on the 

Moon are compelling targets, both scientifically and as 
potential future resources. These pyroclastic deposits 
represent material sourced from the lunar interior, and 
therefore provide a window into the composition of the 
lunar mantle. The composition of a pyroclastic deposit 
reflects how much the parent magma evolved prior to 
eruption. As magma bodies evolve, elements crystallize 
and settle out. This fractional crystallization leads to 
more evolved magmas containing more silica and less 
iron. Additionally, eruption models indicate that the py-
roclastics are from gas-rich magmas that are expected to 
rise rapidly through the crust in the initial phases of an 
eruption. These conditions minimize the assimilation of 
crustal materials, providing a more accurate sample of 
the melts derived from the mantle. Therefore, the most 
iron-rich pyroclastic deposits likely represent the least-
altered, most primitive material from the lunar interior.  

Pyroclastic material, particularly the iron, titanium, 
and volatile-rich volcanic glass and crystallized beads 
[1] formed during a fire-fountain or explosive volcanic 
event, has been hypothesized to be an important poten-
tial resource due to its relatively consistent spherical 
shape and size, which would make processing the parti-
cles easier. Additionally, many pyroclastic deposits are 
glass-rich, which is easier to break down than a fully 
crystalline rock. Also, iron-rich pyroclastic material has 
been shown to release the most oxygen of any lunar 
sample during high-temperature hydrogen reduction ex-
periments [2]. Oxygen is a critical resource that is nec-
essary for creating water and fuel. To target the pyro-
clastic deposits with the maximum resource potential, it 
is important to know the iron content of each deposit.  

Here we obtain the Christiansen Feature (CF) value 
and an estimated iron content of lunar pyroclastic de-
posits to identify the most iron-rich and iron poor de-
posits, which can be used to identify the deposits that 
are most representative of the lunar interior and the most 
resource-rich deposits.  

Methods:  We use Lunar Reconnaissance Orbiter 
Diviner Lunar Radiometer Experiment thermal data to 
obtain the CF value and an estimated iron abundance. 
The CF value is the wavelength position of the emission 
maximum near 8 microns, and this compositional indi-
cator can be estimated using Diviner’s three channels 
located near 8 microns [3]. The CF value is dependent 
on the degree of polymerization of minerals and reflects 

the silicate mineralogy, with shorter CF values indicat-
ing minerals like feldspar and higher values indicating 
pyroxene and olivine. A strength of the CF parameter is 
that it is unaffected by the crystallinity of the surface; 
this is important for pyroclastic deposits because they 
range from crystalline to glassy. Here we use the global 
(0-360° lon, ± 60° lat) standard CF map that is publicly 
available on the PDS (Figure 1).  

Because the CF wavelength position has been corre-
lated to silicate mineralogy, it can be used to roughly 
estimate the amount of iron present [4]. Allen et al., 
2012 empirically found that the relation between Di-
viner CF values and FeO wt. % is:  

FeO = 74.24 x CF - 599.9  [Eq  1] 
Using the list of 151 pyroclastic deposits (Figure 1) 

compiled by Glaspie et al. [5], in ArcMap we create re-
gions of interest within each deposit. We then calculate 
the average CF value of each ROI and convert this value 
into FeO wt. % using Equation 1. 

Preliminary Results: Thus far we have measured 
the CF value of 34 pyroclastic deposits that are located 
in and near the mare basins. This includes pyroclastic 
deposits of a variety of sizes, from large regional depos-
its (~49000 km2) to small localized deposits (~100s of 
km2) [6]. Our preliminary results from this subset of py-
roclastic deposits show a range of average CF values 
from 8.20 to 8.43 µm.  

The pyroclastic deposits in our preliminary study 
that exhibit the highest CF values are: Sulpicius Gallus, 
Mare Vaporum, Taurus Littrow,  Sinus Aestuum, and 
Rima Bode. These range from 8.43 µm (Sulpicius Gal-
lus) to 8.38 µm (Rima Bode). The highest estimated iron 
content (Sulpicius Gallus) is 26.0 wt. % FeO. Many of 
these deposits were designated “black spots” in early 
telescopic studies because of their very low albedos, 
later associated with high titanium contents and abun-
dant crystalline beads [7]. 

The lowest CF values are found at deposits associ-
ated with either Gay-Lussac or with Lavoisier crater 
(8.20 to 8.24 µm). The lowest estimated iron content is 
8.8 wt. % FeO.  

Discussion: The range in iron content of pyroclas-
tic beads from the Apollo samples is  16.5 – 24.7 wt. % 
[8]. Our preliminary study shows a range in iron con-
tent of roughly 8.8 – 26.0 wt. %.   

These preliminary results show that the deposits 
with the highest CF values are large regional deposits. 
This is consistent with previous results that have shown 
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that large fire fountaining deposits were sourced directly 
from mantle and the magma did not stall and evolve in 
the crust [i.e., 9]. However, an alternative possibility to 
consider is whether the CF reflects the actual CF value 
of the pyroclastic material or contamination by impact 
gardening. Lower-CF ejecta from nearby impacts are 
more easily mixed in to smaller pyroclastic deposits, 
lowering the average CF value. Future investigations 
will analyze each deposit’s geologic context to address 
this possibility.  

Future Work: We will extract and compare CF and 
iron content estimates for all identified pyroclastic de-
posits. The publicly available global CF map only spans 
± 60° latitude, so we will calculate the CF values di-
rectly from Diviner data for the few deposits that are not 
covered. Additionally, we will analyze more than just 
the bulk CF average of each deposit. Bennett et al. [10] 
found that there were high CF areas within pyroclastic 

deposits in Oppenheimer crater. This shows that pyro-
clastic deposits are not always homogeneous and that 
identifying the most iron-rich pyroclastic material may 
require more detailed analysis. 
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Figure 1: (top) LROC WAC global mosaic. Yellow circles show the locations of all lunar pyroclastic deposits 
(Glaspie et al., 2018 and references within).  (bottom) Diviner CF map (red indicates long CF values and blue 
indicates short CF values) with the locations of all lunar pyroclastic deposits (now shown as purple circles ).  
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