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Introduction:  Understanding the origin and evolu-

tion of Mercury’s crust was a key goal of the 
MESSENGER mission. Prior to MESSENGER’s ex-
ploration of Mercury, a leading hypothesis for the for-
mation of the planet’s crust was through crystal–liquid 
fractionation of a magma ocean, leading to a plagioclase 
flotation crust analogous to that of the Moon [e.g., 1–3]. 
However, reflectance observations [4,5] and elemental 
abundance data [6,7] make it clear that Mercury’s crust 
is very different from the Moon’s, and interpretations 
based on the planet’s geomorphology and crater size–
frequency distributions imply widespread resurfacing 
occurred, likely through a combination of volcanism 
and impact cratering [e.g., 8–14]. This geologic activity 
complicates an examination of Mercury’s early crust. 

Here we investigate Mercury’s stratigraphy as ex-
posed by impact craters >20 km in diameter in order to 
evaluate the mode(s) of formation of a key crustal unit, 
the low-reflectance material (LRM) [15–17]. LRM has 
been documented to be mainly exposed from depth, and 
proposed to be at the bottom of the stratigraphic column, 
either as a component of the lower crust or upper mantle 
[e.g., 18,19]. The reflectance of LRM is up to ~30% be-
low the global mean, and it has a shallower (bluer) spec-
tral slope, with a broad absorption-band-like feature at 
~600 nm [16,17]. These properties together with ther-
mal neutron measurements have led to the interpretation 
that LRM is rich in graphite (up to 5 wt.%) [16,20]. Ge-
ochemical modeling has also shown that graphite is the 
only mineral that would have been buoyant in a magma 
ocean, suggesting it may have been a component in the 
earliest-forming crust [21]. We explore whether the 

global occurrences and regional variations of LRM are 
consistent with this scenario, and investigate the role of 
early volcanism in the formation of Mercury’s crust. 

Methodology: We examined the spectral properties 
of craters >20 km in diameter using the crater catalog of 
Fassett et al. [11], and the degradation states assigned to 
these craters by Kinczyk et al. [22]. Working from least 
to most degraded, we inspected each crater’s ejecta de-
posit and central structure (typically a central peak) to 
determine whether LRM was present or absent. This as-
sessment was made using an enhanced color product 
created from a principal components (PC) analysis of 
the global eight-color mosaic from the Mercury Dual 
Imaging System (MDIS) wide-angle camera (WAC), 
where the second and first PC are displayed in red and 
green, respectively, and a ratio of images acquired at 
430 nm and 1000 nm is displayed in blue (Fig. 1). 
Higher-resolution regional color products were also 
used, where available. The depth of origin of spectrally 
distinct material was estimated by calculating the max-
imum depth of excavation for ejecta and the minimum 
depth of origin (equal to the maximum depth of impact 
melting) for central peaks [18,19]. 

Results: It was possible to definitively assess the 
presence or absence of LRM for 1,019 of the 7,450 cra-
ters >20 km in the global catalog. The majority of those 
craters for which no determination was possible were 
highly degraded with no distinct ejecta deposit, and sub-
dued or absent central structures; a minority were ex-
cluded due to poor color data quality such as near the 
poles where incidence angles were high.  

From this dataset, the global median depth of origin 
for LRM is 4.3 km, com-
pared to 3.1 km for craters 
with no LRM (Fig. 2A). A 
histogram of the depths of 
occurrence for LRM sug-
gests we are observing the 
mode, whereas for non-
LRM, each bin increases 
toward the minimum val-
ues we observe (Fig. 2A), 
indicating the median 
value for non-LRM is 
likely an overestimate due 
to the cutoff diameter of 
20 km used in our study. 
We examined regional 
subsets of the global cata-
log, including smooth 
plains such as the well 
studied Caloris Planitia 
(Fig. 2B) [19]. While 
smooth plains often have a 
relatively small number of 

 

Figure 1. Global catalog of craters >20 km in diameter that expose LRM (blue symbols) and those 
that do not (red). The symbol size is shown proportional to the material’s depth of origin and ranges 
from 1.4 km to 35 km (materials originating from depths >35 km excluded). Two intercrater plains 
regions (30° E, 270° E) and an area with a high concentration of LRM (160° E) are outlined in 
white [23,24], smooth plains (transparent white) are shown over an MDIS WAC enhanced color 
mosaic (see text for desciption). 
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craters >20 km in diameter, their histogram typically re-
sembles that of the global population, with median LRM 
depths of origin ~3-4 km, and shallower depths where 
LRM is absent. 

Three additional regions were examined: two areas 
of intercrater plains, and a region south of Caloris that 
has the highest density of craters >65 km in diameter, 
and a high concentration of LRM [23,24]. The first area 
of intercrater plains (30° E, Fig. 1) has been proposed to 
be a region where intercrater plains of volcanic origin 
largely bury two impact basins [23,24]. The histogram 
of depths of origin in this region (Fig. 2C) resembles 
both the global population and smooth plains such as 
within the Caloris basin. The second region of inter-
crater plains (270° E, Fig. 1) is distinct from all areas 
examined in terms of both the dearth of craters that ex-
pose LRM, and the larger median depth of origin for 
LRM (5.7 km) (Fig. 2D). Finally, the LRM-rich region 
previously identified [23,24] includes a higher density 
of craters that expose LRM across all diameters, and has 
few craters that do not expose LRM (Fig. 2E). Craters 
that do not expose LRM appear to have formed within 
small patches of smooth plains within this region. 

Discussion: Interpretations of this dataset are com-
plicated by the fact that large craters that excavate to 
great depths are relatively rare, and our sample is thus 
strongly biased toward those that sample only the upper 
few km. However, global and regional trends reveal that 
the distribution of LRM is widespread but heterogenous 
(Fig. 1), and occurs at greater median depths than craters 
that lack LRM (Fig. 2). Craters that do not expose LRM 
indicate there are regions of the crust that lack LRM 
even at relatively large depths, up to a maximum of 23 
km. The depths of origin materials within many regions 
of smooth (e.g., Fig. 2B) and intercrater (Fig. 2C) plains 
are similar, suggesting they are stratigraphically similar 
and, consistent with other geologic evidence [e.g., 
8,9,14,24], share a common volcanic origin.  

Differences from the global trend may also be in-
formative. The intercrater plains region near 270° E 

stands out for its lack of LRM (Fig. 2D); this area also 
largely corresponds to a region of high Mg [25]. This 
may be an area where LRM does not generally occur at 
depth, or LRM resides only at greater than average 
depths; its distinct stratigraphy and composition point to 
a unique regional geolgoic history. Our results for the 
LRM-rich region south of Caloris (Fig. 2E) are con-
sistent with past work suggesting this region experi-
enced little volcanic resurfacing, and remnants of the 
early crust may be exposed [23,24]. 

The global picture provided by this dataset is con-
sistent with an early low-reflectance crust, such as 
would have formed from the flotation of graphite in a 
magma ocean [21]. However, relatively low concentra-
tions of graphite, even in LRM [16,20], the heterogene-
ous distribution of LRM observed here, and the largely 
overlapping depths of origin of LRM and material of 
higher reflectance are consistent with disruption, mix-
ing, and burial by volcanism and impact events. 
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Fig. 2. Depths of origin (truncated at 15 km) for LRM 
and non-LRM exposed by craters >20 km in diameter 
in the global dataset, Caloris Planitia, and regions iden-
tified in Fig. 1. 
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