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COULD IMBRIUM EJECTA BE THE SOURCE OF THE HIGH-Th MATERIAL IN THE VAN DE 
GRAAFF REGION OF THE MOON? Larry A. Haskin and William B. McKinnon, Dept. of Earth and 
Planetary Sciences and McDonnell Center for the Space Sciences, Washington Univ., One Brookings Drive, St. 
Louis, MO 63130, and Lance A. M. Benner, Mail Stop 300-323, Jet Propulsion Laboratory, 4800 Oak Grove 
Drive, Pasadena, CA 91009 

Could most of the Th-rich material in lunar highland samples be Imbrium ejecta (I)? The farside highlands y- 
ray data show a high Th concentration only near the Imbrium antipode, near Van de G d  and M. Ingenii (2). 
This Th-rich area lies at the edge of the South-Pole-Aitken Basin, far from the KREEPy Procellanun region, and 
supports a widespread distribution of KREE- material, which may derive from the residual liquid of the magma- 
ocean (e.g., 3). Here, we investigate an alternative explanation, that the Th at Van de G d  may be contained 
within Imbrium ejecta. We previously speculated (orally, LPSC XXVI) that the Imbrium bolide impacted into a 
Th-rich geochemical province that is a primary feature of lunar differentiation (Fig. 3) (see also 4,5). The province 
consists of subregions of high Th concentration, an apparent patchwork of KREEW lava flows, mare basalt flows, 
and Th-rich highland material (6,7) with an average surface concentration as high as -8 ppm. 

Mare Ingeneii sculpture has been interpreted as caused by Imbrium ejecta nearing the antipode (8,9), 
although focused seismic energv may be a better explanation (10). Moore et al. (1 1) suggest that large impacts on a 
spherical body can concentrate ejecta at their antipodes because ejecta converge onto areas of decreasing diameter 
if their velocities are high enough to carry them increasingly past the "equator" (as defined by setting the site of the 
impact as the pole). Using our revised method (12) for estimating deposit thicknesses and proportions of primary 
materials (PnFrags), we have modelled the regolithic consequences of the Imbrium event over the range that 
PriFrags ejected at 145' (to the horizontal) can cover. As the ejection angle approaches 45O, flight times of 
antipodal ejecta are no longer short compared to the lunar rotation period (13), and such orbits are further distorted 
by Earth's gravity. The overall effect is to smear the ejecta concentration out to the west of the antipode. Ejecta 
are probably launched over a range of angles, so we consider angles slightly under 45" to avoid these 
complications. For example, at a launch angle of 40°, flight times to the antipode are <% day. 

Figure 1 shows estimated average thicknesses of Imbriumejecta-produced deposits. Values are for a 40" 
launch angle and a 50% coverage level (12), i.e., half of the area at any distance has been excavated and mixed to 
the depth shown or greater. Going away from Imbrium, average depth decreases to -210 m at a range of -3,300 
km, beyond which the greater excavating efficiency and decreasing areal circumference overcome the decrease in 
fraction of the ejecta as a function of range. Figure 2 shows the decrease in average fraction of PriFrags in the 
regolith to -9% at a range of 3,900 km, beyond which the density of infalling PriFrags increases sufEiciently to 
raise it again. Distant from Imbrium, deviation from average values can be substantial where most ejecta are in 
rays, but deviations should be smaller within several hundred kilometers of the antipode where rays converge. 
Thus, based on the use of crater-scaling equations out to the (untested) extreme of the antipode, estimated deposit 
thickness rises to -3 km even for the smallest suggested Imbrium transient mter  (r = 335 km; (14)) (Fig. 1). This 
value should be reduced somewhat to account for smearing in the area of overlap of converging ejecta near the 
antipode. Within a 100-km wide ring lying 150 km outside the antipode, estimated deposit thickness is -1.4 km. 
These results suggest that substantial deposits of Imbriumevent-produced ejecta could be formed at and near the 
antipodes. 

Furthermore, estimated Th concentrations are comparable to those observed by the Apollos 15 and 16 y-ray 
experiments (2) near the crater Van de Graaff (Fig. 2). The estimated proportion of Imbrium PriFrags reaches 
-40% at the antipode and -25% within the 100-km wide ring lying 150 km outside it. Figure 2 shows estimated 
Th concentrations near the antipode (based on 8 ppm for the Imbrium source). It also shows the Th concentrations 
in the highland samples from Apollos 16 and 17 and Luna 20 (15), which lie near the predicted average Th 
concentrations. No value is shown for the Apollos 14 or 15 sites. The former lies within the Th-rich source region 
and has intrinsically high Th concentration and the latter lies on the continuous ejecta from Imbrium and is 
dominated by material from nearby, shallow depths of that basin. Fe concentrations are also anomalously high in 
the Van de G d  region (16,17); they are consistent with an Imbrium origin, but high Fe is a broader feature 
perhaps related to M. Ingenii and South-Pole-Aitken and may not be closely related to Th concentrations. 

Figure 3 shows the position of the antipode and the Th concentrations found near Van de Graaff (2). The Th 
concentrations and their spatial distribution as modelled are consistent with the observed values, but the position of 
the observed Th high lies -440 km NE of the antipode. Possible causes of such an offset are being evaluated. 
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For example, (8) has suggested that the Imbrium impact was oblique, based on the bilateral symmetry of the 
continuous ejecta facies; the preferred ejecta launch directions, N20W and S20E, could result in ejecta 
concentrations to the NNE and SSW of the Imbrium antipode. Thus, despite the spatial mismatch, it may be 
plausible to connect the Van de Graaff Th high with the Imbrium event. We still do not know the overall spatial 
pattern of Th concentrations in the vicinity of the Imbrium antipode or that for the bulk of the Moon's surface. We 
suggest that there could be patches of Th-rich terrain resulting from the Imbrium event at one or more locations 
near the Imbrium antipode, and we can look for them when we have a whole-Moon Th map. A whole-Moon Th 
map may eliminate the plausibility of the hypothesis that the Van de GraaE Th high could be associated with the 
Imbrium event, by showing a broad pattern of raised Th concentrations that is clearly associated with South Pole- 
Aitken, or by showing highland Th concentrations in locations that could not be associated with impacts into the 
Procellarum area. 
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