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Introduction:  The Smythii basin is a multiring, 

pre-Nectarian impact basin on the Moon’s eastern limb. 
The Smythii impact structure has a previously deter-
mined absolute model age (AMA) of 4.26 +0.016/-
0.018 Ga [1], making it the fifth oldest on the Moon and 
~200 Myr older than the nearby Crisium basin [1]. Un-
fortunately, the basin’s total extent is not well con-
strained due to subsequent modification, but the inner 
ring diameter has been measured at ~360 km [2]. The 
basin’s ancient age makes it a unique location to study 
early basin formation processes, crustal structure, and 
modification processes.  

The Smythii basin was last mapped using Clemen-
tine, Lunar Prospector, and Apollo data [2]. Here, we 
present a new geologic map based on recent, higher-res-
olution datasets produced by the Lunar Reconnaissance 
Orbiter (LRO) and Kaguya to address remaining ques-
tions related to the basin deposits, such as the possible 
presence of ancient impact melt and multiple episodes 
of mare emplacement [2-3]. While previous maps fo-
cused on the central basin floor, this work provides a 
map at a scale of 1:300,000 including the basin interior 
and exterior (1) to create a robust geologic history of the 
basin, (2) to investigate the crustal structure at the time 
of formation, and (3) to assess putative impact melt ex-
posures within the basin [2].  

Methods: Initial mapping of the Smythii basin was 
completed in ArcMap 10.5.1 on the basis of morphol-
ogy, texture, and topography at a scale of 1:2.5 million, 
with subsequent iterations at a scale of 1:300,000. Map-
ping was conducted on the LRO Wide Angle Camera 
(WAC) morphology basemap [4] and albedo mosaic 
[5], both ~100 m/pixel. Mapping was aided by a rough-
ness map derived from the standard deviation of slope 
over 1000, 667, and 333 meters baselines [6] and by a 
color hillshade, both derived from the WAC GLD100 
[7]. Kaguya Terrain Camera images (~10 m/pixel) [8] 
were used in areas of ambiguity. After mapping the ge-
ologic units, stratigraphic relationships between units 
were determined. Compositional statistics for the indi-
vidual units were extracted from a Clementine FeO map 
[9], Kaguya Multiband Imager (MI) mineral maps [10], 
and a WAC TiO2 map [11].  

In addition to mapping and gathering compositional 
information, areas of interest within the basin were ex-
plored using Mini Radio Frequency (Mini-RF) S-band 
data [12]. Specifically, the circular polarization ratio 
(CPR), S1, opposite-sense (OC) and same-sense (SC) 

returns, and m-chi decompositions [13] were used to in-
vestigate the physical properties of a putative melt de-
posit on the basin floor [2].  

Geologic History and Stratigraphy: As previously 
stated, recent AMAs place the basin’s formation at 
~4.26 Ga [1], early in the Moon’s history. The massifs 
of the inner ring (~430 km: IR in Fig. 1) and the outer 
ring (~910 km) are preserved in the southern portion of 
the basin. An inward-facing scarp is also preserved 
within the inner ring (Fig. 1), similar to that of the Ori-
entale basin. No ejecta clearly related to the Smythii ba-
sin was identified; however, ejecta from the Crisium im-
pact (~4.07 +0.016/-0.018 Ga [1]) was emplaced on the 
western side of the basin shortly after formation. Several 
large craters (~12-42 km in diameter) formed on the ba-
sin floor. These craters were subject to modification by 
intrusions, which fractured and uplifted their floors. The 
floor of the Smythii basin has been completely resur-
faced by volcanism and plains formation except where 
these floor-fractured craters (FFCs) form kipukas. 

Volcanic Deposits: The mare deposits that cover the 
interior of the basin are not evenly distributed. Mare 
Undarum and Mare Spumans to the west formed post-
~4.07 Ga [1], flooding Crisium’s ejecta. Mare Marginis, 
within Smythii’s outer ring, was emplaced in at least 
two episodes of mare volcanism at 3.88 +0.07/-0.04 Ga 
and 3.38 +0.07/-0.09 Ga [14]. A cryptomare deposit on 
the eastern margin formed at or before 3.88 +0.07/-0.04 
Ga [14,15]. Mare Marginis and Mare Smythii both em-
bay the ejecta of Neper; however, there are no clear con-
straints yet for the age of Neper’s interior mare deposit. 
Dark halo craters (DHCs) within the moderate albedo 
smooth plains in the southern half of the basin floor in-
dicate that an early mare deposit was resurfaced by ba-
sin or local impact ejecta around 3.9 +0.05/-0.07 Ga 
[2,15]. The low-albedo, largely continuous portion of 
Mare Smythii in the northwest floor, which is also the 
most voluminous of the floor deposits, exhibits a resur-
facing knee in its crater size-frequency distribution as 
observed by [14], yielding AMAs of 3.48 +0.07/-0.06 
Ga and 3.14 +0.09/ -0.12 Ga [14]. This suggests at least 
two emplacement episodes within the extensive mare 
unit, but no additional evidence was found in our map-
ping to delineate between them. The emplacement of the 
basalts of Mare Smythii was followed by pyroclastic 
eruptions closely associated spatially with the partially 
flooded FFCs, draping the uplifted floors, rims, and 
neighboring mare with low albedo, high-iron material.  

Plains Materials: Light plains surround the basin, 
but many of these deposits have ambiguous origins (~75 
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wt.% PLG, ~8 wt.% FeO). The bulk of the smooth 
plains on the western side exhibit elevated mafic signa-
tures (~9 wt.% FeO, ~13 wt.% CPX, ~14 wt.% OPX, 
~71 wt.% PLG), but no clear dark halo craters, suggest-
ing mixing of mare and highland materials. In contrast, 
clustered light plains on the eastern side of the basin are 
feldspathic and lack DHCs. 

Proposed Impact Melt: Gillis and Spudis [2] pro-
posed that a section of fractured material in the basin 
floor was impact melt from the original basin. Further 
investigation using Kaguya MI compositional data indi-
cates that the fractured material is indistinguishable 
from the surrounding mare (~15 wt.%  FeO, ~46 wt.%  
PLG). In radar data, the proposed melt deposit displays 
very low return identical to that of the adjacent mare, 
and both exhibit moderate to low CPR (<0.6, but >0.7 
where there are fresh craters). The fractures are morpho-
logically crisp, but the deposit itself displays no varia-
tion in the radar return with respect to the mare. Nearby 
mare-flooded craters display similar polygonal fractur-
ing both crisp and subdued, indicating that the fractures 
are a common regional feature. As such, we interpret 
this deposit as mare basalt. 

Crustal Structure and Composition: A portion of the 
inner ring is well preserved as a topographic high 
around the southern half of the basin. The inner ring’s 

composition averages (~7 wt.%  FeO, ~82 wt.%  PLG, 
suggesting a predominantly feldspathic crust. Elevated 
FeO values occur in patches and may be the result of 
contamination by ejecta from mare craters or pyroclas-
tic activity. Within the basin center, floor fractured cra-
ters have raised floors and rims embayed by the sur-
rounding mare. We posit that the composition of the up-
lifted crater material represents the original composition 
of the basin floor. While the average FeO content of 
these materials is ~11 wt.% , areas less contaminated by 
ejecta and pyroclastic deposits exhibit FeO contents of 
5-6 wt.%  and 84-85 wt.%  plagioclase, similar to the 
composition of the basin rings. This indicates that post-
mare mixing has contributed to the measured surface 
composition of these units but also reinforces the idea 
that the Smythii impact event excavated largely feld-
spathic crust. No evidence for olivine exposures within 
the basin ring or floor materials was found. 

Conclusions: We present a new map of the Smythii 
basin at 1:300,000, which reveals the geologic history 
of the basin in unprecedented detail. Our mapping indi-
cates that the basin’s original floor was feldspathic. The 
floor alone was heavily modified by impacts and intru-
sive volcanism before the emplacement of at least 3 ep-
isodes of mare volcanism. Explosive volcanism may 
have begun prior to mare emplacement, but the ob-
served deposits superpose the maria. Overall, at least 7 
episodes of mare emplacement occurred within 
Smythii’s rings. We also identified new, small-scale 
cryptomare deposits in the western region. Though we 
cannot exclude the possibility of buried impact melt, we 
find no evidence for melt and instead interpret the puta-
tive melt as mare basalt.   
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Fig. 2: Smythii basin stratigraphic column. Ages for the stratigraphic column are on the right side: pN = pre-Nectarian, N = 
Nectarian, I = Imbrian, E = Eratosthenian, and C = Copernican. Stratigraphy based partially on model ages from [1, 14, 15].  

Fig. 1 New 1:300,000 geologic map. Cryptomare units: M=Marginis, 
S=Smythii, and B=Balmer. 
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