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Introduction.  The largest impacts on the Moon – 
those that form the multi-ring basins – produce thou-
sands of cubic kilometers of shock-created melt [e.g., 
1].  This melt is largely concentrated inside the basin, 
although some is ejected along with the clastic materi-
als that make up most of the continuous ejecta blanket 
that surrounds basins [1, 2].  Impact melt is important 
because it contains information on the crustal target for 
basins as well as being the most suitable material to 
date basin-forming events.  New geological mapping 
of the lunar Orientale [3] and Imbrium [4] impact ba-
sins provides the opportunity to identify likely deposits 
of impact melt and study their composition to better 
understand lunar crustal composition and basin-
forming processes. 
 
Morphological criteria for the recognition of impact 
melt.  Deposits of impact melt have distinct and well-
defined morphologic features that permit their recogni-
tion from images [2, 5].  Typically, impact melt is 
found on the floors of fresh craters, showing fissured, 
cracked and ponded surfaces.  Melt deposits form 
pools and flows in the walls and rims of complex cra-
ters [5, 6] and are sometimes found at large radial dis-
tances from the crater rim, where melt can make up 
flows that appear to have segregated from the clastic 
debris.  While fissures and cracks do not certify a de-
posit as being of melt origin, they often serve as prima 
facie indicators of such an origin.  The great age of 
lunar basins means that most pristine morphologies 
have been erased by impact erosion and burial by sub-
sequent units, but the youngest basins preserve por-
tions of their original morphology.  Both Orientale and 
Imbrium are among the youngest lunar basins and 
show many features that may be interpreted as primary 
textures. 

In this study, the mapped facies of ejecta from 
these basins were examined and deposits consistent 
with an origin by impact melting were identified.  For 
each impact melt deposit, we collected compositional 
data from Clementine multi-spectral images [7] and 
Lunar Prospector gamma-ray data [8], allowing us to 
estimate the chemical composition of these melt depos-
its and assess their variability.  These observations and 
compositional data were then evaluated against physi-
cal models for the generation of impact melts [5, 6, 9] 
and an attempt was made to identify possible samples 
in the Apollo collections that have attributes consistent 
with an origin as impact melt from either of these ba-
sins. 
 
Orientale.  The Orientale basin (930 km diameter) is 
well preserved and only partly flooded by later mare 

basalts [1-3].  The basin interior melt sheet is repre-
sented by the Maunder Formation, a smooth-to-
fissured surface unit that covers the innermost basin 
ring.  Study of the composition of the Maunder Fm. as 
determined by remote sensing shows that it is re-
markably uniform both laterally and vertically, with no 
evidence of differentiation [3].  Portions of the Montes 
Rook Fm., defined primarily by its knobby texture, 
appears to have flowed in some locations [3] and may 
consist at least in part of a substantial amount of im-
pact melt [10].  In addition, two localized deposits 
(each about 10 km in extent) have been identified over-
lying the Cordillera scarp (basin main rim).  These 
deposits display cracked surface morphology and are 
to be likely ponds of impact melt. 

Surrounding the Orientale basin are extensive de-
posits of textured ejecta, most of which are probably 
made up largely of unmelted, clastic materials.  Flow 
lobes and scarps appear in some localities (e.g., near 
Inghirami; 51°S, 68°W); while it is not certain that 
these features are impact melt, they might be.  Other 
deposits randomly distributed throughout the radially 
textured Hevelius Fm. [2, 3, 10] show cracked and 
fissured surfaces.  These features are similar to fissured 
ponds of material found around fresh craters such as 
Tycho and are likely to consist of deposits of ejected 
basin impact melt.  A few isolated deposits contained 
within some basin secondary craters appear melt-like, 
with low albedo and a cracked surface texture (e.g., 
Struve L; 20.7°N, 76°W).  The chemical composition 
of these isolated deposits of cracked and fissured mate-
rials are all similar to the composition of the Maunder 
Fm., the main melt sheet located inside the Orientale 
basin (Figure 1). 
 
Imbrium.  The slightly larger (1160 km diameter) and 
older Imbrium basin is mostly filled with mare basalt 
lava, concealing most of the basin floor [2].  The Im-
brium basin rim (Apennine ring) displays extensive 
slumping near Mons Bradley (20.8°N, 2.3°W) on top 
of which occur fissured and cracked, low albedo de-
posits.  These features have been interpreted as Im-
brium basin impact melt [2].  At one time, the planar 
Apennine Bench Fm. (26°N, 2.5°W) had been thought 
to be the Imbrium equivalent of Orientale’s Maunder 
Fm. i.e., the impact melt sheet of the Imbrium basin 
[11].  However, pristine volcanic KREEP basalt found 
at the nearby Apollo 15 landing site are likely to be 
pieces of this material and thus, the Apennine Bench 
Fm. is probably derived from early volcanic infilling of 
the Imbrium basin [12]. 

Outside of the basin rim, several areas exhibit 
morphology consistent with an origin as ejected impact 
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melt.  The floor of the crater Murchison (5.1°N, 
0.1°W) shows a complex, fissured and cracked surface, 
in addition to textures suggestive of partial flow.  This 
material is gradational with the Fra Mauro Fm. (basin 
ejecta) that covers the crater rim.  Other occurrences of 
probable basin melt are found in the secondary craters 
of the central highlands, including the craters Andel M 
(9.9°S, 11°E), Parrot C (18.5°S, 1.2°E) and especially, 
Airy (18.1°S, 5.1°E).  These deposits have low albedo 
and show cracked surfaces, with some evidence of 
ground flow after deposition.  The Airy deposit also 
has a low albedo under high sun illumination, suggest-
ing a more iron-rich composition than the surrounding 
(feldspathic) highlands. 

Ejected melt deposits contrast strongly in compo-
sition with their Orientale basin counterparts, being 
more mafic (Fig. 1).  Typical Imbrium melt has FeO 
between 8 and 10 wt.%, significantly higher than the 4-
5 wt.% of Orientale Maunder Fm. and the small 
ejected melt ponds found within the Orientale ejecta 
(Fig.1).  The Imbrium basin melts fall close to or 
broadly within the field defined by the Fra Mauro Fm., 
the predominantly clastic ejecta blanket of the basin.  
These results indicate that the target rocks for the Im-
brium basin impact were distinctly different from those 
of the Orientale basin, consistent with Imbrium’s posi-
tion within the Procellarum geochemical province. 
 
Implications for Interpretation of Apollo Highland 
Samples.  Analysis of the main melt sheet for Orien-
tale and ejected melt ponds for both the Orientale and 
Imbrium basins suggest several points to consider 
when searching the Apollo sample collections for basin 
impact melt candidates.  The candidate melt should 
posses a composition broadly similar to those meas-
ured for the regional deposits.  Some melt rocks are 
clearly not basin-related (e.g., those that are very feld-
spathic or identical to the local soils).  The composi-
tion of Orientale melt (both the main melt sheet and 
the ejected ponded melt) is similar to noritic anor-
thosite.  Sample 68415, from the Apollo 16 landing 
site, has bulk chemical composition similar to the Ori-
entale melt sheet [13] and a crystallization age com-
patible with that event (3.78 Ga; [14]).  Interestingly, 
this sample has been proposed to derive from Orientale 
basin ejecta [15]. 

The Imbrium melt deposits are more mafic than 
those of the Orientale basin.  No remnant of the inner 
basin melt sheet of Imbrium is evident, but the ejected 
impact melts are remarkably similar to a variety of 
highland basaltic impact melts found in the Apollo 
collections, such as the Apollo 15 and 17 mafic melt 
breccias [1].  The Apollo 15 landing site lies a couple 
of hundred km north of the best exposed Imbrium melt 
pond, also occurs along the Apennine scarp and con-
tains such rocks.  The best candidates for Imbrium 

basin impact melt from this landing site are the black 
and white breccias 15445 and 15455 [16].  These melt 
rocks are relatively mafic and similar in composition to 
the identified isolated melt ponds of Imbrium (Fig. 1). 
 
Conclusions. We have identified ejected melt deposits 
from the Orientale and Imbrium impact basins.  
Ejected melt from a single basin appears to be rela-
tively homogeneous and (in the case of Orientale), 
similar to that of the main melt sheet.  The two basins 
have differing and distinct compositions, with Orien-
tale being relatively feldspathic (noritic anorthosite) 
and that of the Imbrium basin being more mafic (high-
land basalt).  The identification of these features offer 
the possibility of examining basin impact melt at dis-
tances far removed from basin interiors or from basins 
that are deeply flooded by mare lava, covering the inte-
rior melt sheet.  As such, these isolated deposits of 
basin impact melt are important sites for future sam-
ple-return missions. 
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Figure 1.  Composition of Orientale (blue dots) and Imbrium 
(red dots) ejected impact melt ponds.  Compositional fields 

of major basin ejecta formations also shown. 
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