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Prdcis: A model has been developed for inventor ing the fate (in terms of melting 2 
ejection t displacement from the transient crater r of materials during basin-forming 
impacts. Results indicate that in the largest lunar basins the material that melts plus 
avoids ejection from the transient crater is almost purely of mantle provenance; the 

crust is preferentially swept away as ejecta. I n  very large-scale (high- 
melting displacement) impacts, the molten component of the ejecta is of greater average Overlying 
depth provenance than the unmelted component. This effect robably explains why lunar B impact melts tend to be less anorthositic than nearby unmelte fragmental breccias. 

Impact melting is an important geologic process. An alternative to the popular magma ocean 
hypothesis of early lunar evolution is the hypothesis [ I ]  that global differentiation was accomplished by a 
succession of very large impact melt bodies. Yield of impact melt is closely linked to the crater-forming 
energy, and thus most lunar and planetary impact melt has been produced in a relative few large basins 
[2]. Petrologic evolution of a large-scale impact melt involves a number of processes peculiar to this 
mode of magma genesis [3]. Among the most important of these are the simultaneous (or near- 
simultaneous) processes of shock-melting within and close-by the transient crater, and ejection of a large 
fraction (roughly 40%) of the volume of the transient crater. Much of the impact melt becomes ejected, 
and thus (in the form of disseminated small masses of melt) undergoes a very different evolution from the 
central mass of melt that remains unejected and (potentially) aggregates into a large, contiguous, and thus 
slowly cooling volume of melt. These processes are extremely complicated, but simple 3-dimensional 
geometric models can constrain important relationships between provenance of impact melt, relative to 
the transient crater, and provenance of material fated for ejection from the transient crater. 

With expert technical assistance from G. W. Kallemeyn, I have implemented a FORTRAN program 
that models a parallelepiped encompassing the transient crater plus the melting zone as a grid of lo9 cells, 
calculates the fate of each cell with respect to melting f ejection f inclusion within the transient crater, 
and compiles the results into a statistical inventory of the fates of subvolumes of the transient crater (and 
nearby regions), mainly as a function of depth, and especially depth in relation to an assumed 
crust/mantle boundary. The shape of the ejection zone is modeled based on a "Maxwell's Z" model [4] 
with Z set to 2.734 (in nominal models - this results in an ejection zone 1/10D, deep). The shape of the 
transient crater is modeled as a parabaloid [ 5 ] .  One of the greatest uncertainties in this modeling concerns 
the shape of the melting zone. A truncated-spherical shape, as shown straddling the middle curve in Fig. 
1, may be most plausible, but shapes ranging from hemispherical to spherical are also modeled. 

During the craterhasin-forming process, the key parameter of melting/displacement volume (or mass) 
ratio [5, 33 (hereafter mld; "displacement" is shorthand for the volume of the transient crater) is strongly 
correlated with Dt, (and also with g). The proportion of melt ejected from the transient crater decreases as 
mld increases [2]. Nonetheless, the sheer scale of the melting zone, coupled with preferential ejection of 
the shallowest portion of the melting zone, cause an important effect during origin of the larger lunar 
basins (Fig. 1). In these events, the volume of crustal matter within the transient crater is efficiently 
disseminated by ejection, leaving the material that is both melted and not ejected with a remarkably low 
proportion of matter derived from crustal (outer 64-km) depths. In past debates concerning the role of 
large-scale impact melting in genesis of "pristine" igneous-seeming lunar rocks, even the largest impact 
melts (i.e., the ones that could most plausibly engender coarse-grained igneous cumulate rocks) have 
generally been assumed to form principally out of crustal materials (e.g., "having the average 
composition of the upper crust" [6]). Fig. 1 implies that the largest, most differentiation-prone masses of 
impact melt instead probably have provenance almost exclusively in the lunar mantle. 

These giant unejected impact-magmas are peculiar in many ways. They cannot engender much crust, 
because as essentially pure mantle material, they are nearly barren of crustal-forming components (i.e., 
A1203 and CaO). Thus, above them, the crust probably remains extremely thin until another large basin 
spews ejecta over the area. Until then, should another basin form in approximately the same place, the 
ejecta must include a large proportion of mantle ejecta. The dearth of mantle-like rocks within the Apollo 
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collection suggests that such a double-whammy has rarely occurred, which in turn tends to suggest that 
the observed basins are not just a small surviving subset of a much larger total number of lunar basins (as 
has often been suggested); and in particular, the hypothesis that Imbrium was preceded, centered at 
almost precisely the same point, by Procellarum, seems implausible in light of Fig. 1. The scales of the 
central, unejected impact melt masses in the largest lunar basins are so large (e.g., roughly 6x10~ km3 in 
the case of South Pole Aitken), they must surely be massive and long-lived enough to undergo thorough 
fractional crystallization. The probability for one or more of them to have contributed coarse-grained 
"pristine" seeming rocks to the megaregolith zone (where they might eventually become samples) seems 
generally low, but is certainly finite, and warrants further study. 

Very early in lunar evolution, before a thick crust had developed, large impacts would have been even 
more prone to preferentially eject crust (for the most part unmelted) while forming their unejected central 
masses of melt out of mainly mantle materials. This effect may have either caused or more likely just 
enhanced the Moon's efficient "magma ocean" primordial differentiation. Under such circumstances, the 
distinction between impact melting and endogenous magmatism becomes almost meaningless. 

Model results for depth-provenance also have intriguing implications regarding the material that is 
ejected in large, high-mld events. Intuition might suggest that the impact-melt component of the ejecta 
will always be of shallower average provenance than the unmelted component. Certainly this was 
assumed (as a concession) in one of the classic papers on lunar-basin impact melt petrology [7]. Actually, 
in very high-mld events, the molten component of the ejecta is of deeper average provenance than the 
unmelted component (Fig. 2). The shapes of the ejection and melting zones in 2-D profile (e.g., insets in 
Fig. 2 of [2]) can be deceptive: the R~ effect magnifies the importance of the shallow, unmelted ejecta in 
the more distal portion of the ejection zone. This result explains an otherwise enigmatic feature of lunar 
petrology. Samples of impact melt breccia are generally "noritic" with roughly 20 wt% A1203 [3], 
considerably less than the average for the Moon's highland megaregolith. This suggests that the impact 
melts are derived from a different average level in the Moon, which seems unlikely to be shallower than 
the anorthositic highland megaregolith - and so must be relatively deep. 

HED meteorites [8] show an opposite tendency: impact melts tend to be enriched in shallow (?) 
eucritic material at the expense of deep (?) orthopyroxenitic material, compared to their host breccias. 
However, this is not a contradiction, but a prediction of Fig. 2, because on the low-g HED parent 
asteroid, mld is systematically lower (restricted to values of less than about 5% for even the largest 
conceivable cratering event) compared to the Moon. 
References: [I] Wetherill G. W. (1976) PLSC 7. 3245-3257. [2] Warren P. H. (1996) This volume. [3] Warren P. 
H. et al. (1996) in GSA Spec. Pap. on KIT Event, in press. [4] Croft S. K. (1980) PLPSC 10, 2347-2378. [5] Melosh 
H. J. (1989) Impact Cratering: A Geologic Process. [6] Delano J .  W. & Ringwood A. E. (1978) PLPSC 9, 11 1-159. 
[7] Ryder G. & Wood J. A. (1977) PLSC 8, 655-668. [8] Metzler K. and Stoffler D. (1995) Meteoritics 30, 547. 
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