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Introduction: In general, radar backscatter from the
lunar terrae is 2–4 times that of the maria.  The terrae
along the northern rim of Imbrium Basin, however,
have radar backscatter comparable to or lower than
that from the adjacent maria.  We examined new 70-
cm radar images and earlier multi-spectral data to
better constrain the regional geology (Thompson et
al., 2006).  We conclude that thick, rock-poor ejecta
deposits from the Iridum and Plato impacts are
responsible for the radar properties.

Radar Data. Dual-polarization radar image data at
70-cm wavelength were collected for the northern part
of Imbrium in 2003-2004 (Fig. 1).  These data have a
spatial resolution of 450 m/pixel, and were acquired
using the Arecibo and Greenbank radio telescopes.
This area of the Moon is viewed at incidence angles
of 55–70o, where radar echoes are dominated by
diffuse scattering.  At 70-cm wavelength, diffuse
scattering is controlled by the number of decimeter
and larger blocks/rocks on the surface or in the upper
~10 m of the subsurface.

Radar echoes from the terrae north of Imbrium are
equal to the echoes from Mare Frigoris to the
northwest, and weaker than the echoes from Mare
Imbrium to the south.  This is surprising, as terrae
elsewhere on the Moon have higher backscatter due to
lower bulk loss tangent, which allows for greater
penetration and scattering from buried rocks.

Fig. 1. 70-cm radar image of the northern rim of
Imbrium basin, showing Sinus Iridum and Plato.

Interpretations:  Possible Geologic Scenarios
Previous studies of lunar terrae with low radar
reflectivity suggest several possible geologic
scenarios for the low echoes associated with the
northern rim of Imbrium Basin.  These scenarios
include: pyroclastic mantling material described by
Gaddis et al. (1985) and Zisk et al. (1997);
cryptomare described by Hawke et al. (1985) and
Campbell et al. (2005); and, rock-poor distal crater
ejecta described by Ghent et al. (2005).  

Pyroclastic Mantling Deposits Pyroclastic deposits
on the Moon, produced by fire-fountaining during the
early stages of mare volcanism, are typically rock-
poor and have moderate to high iron content.  They
have low radar echoes from the lack of surface and
subsurface rocks, as well as possibly higher loss
tangents.  Numerous associated sinuous rilles, a low
3.8-cm radar echo, and earlier mapping of a possible
mantling deposit led Gaddis et al. (1985) to suggest
that the area near Plato is covered by fine-grained
pyroclastics.  However, Clementine FeO and TiO2

maps of the northern rim of Imbrium Basin show
low FeO and TiO2 content, implying that a high-loss
pyroclastic mantle in this area of the Moon is
unlikely.

Cryptomaria Cryptomaria are patches of basaltic
material that have been buried by or incorporated into
terra regolith during basin or large crater formation.
These areas can have lower 70-cm radar echoes than
other terrae when the buried or mixed basalts have
significant ilmenite content.  A radar dark area in the
terrae west of Oceanus Procellarum is attributed to a
veneer (up to 50 m thick) of Orientale ejecta
overlying a preexisting tongue of Oceanus
Procellarum maria (Campbell and Hawke, 2005).

Also these cryptomare deposits are identified, in
part, by dark halo craters (DHCs), which excavate the
near-surface basalt, or by small iron and titanium
enhancements in the terrae (Hawke et al. 1993). As
there are no dark-halo craters or small craters with
iron or titanium enhancements in the northern rim of
Imbrium Basin, it is unlikely that cryptomare
deposits can explain the low radar echoes in this area.
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Rock-Poor Crater Ejecta.  Ghent et al. (2005)
showed that Copernican, Erathostenian, and some
Imbrium craters with diameters greater than 10-20 km
have radar dark ejecta distal to the rugged near-rim
terrain.  They inferred that these distal ejecta deposits
have fewer-than-average meter-sized rocks.  This
provides a basis for examining the northern rim of
Imbrium Basin as the overlapping radar-dark ejecta of
the Iridum and Plato impacts.

Figure 2 shows an “isopach” map of the
cumulative ejecta thickness due to Iridum, Plato, and
Harpalus craters, based on the model of McGetchin et
al. (1973).  This shows that the outer edges of the
low radar-return area correspond with the ~10 m
ejecta depth.  This is particularly noteworthy
southeast of Plato, where the deposits are not
truncated by mare fill.

Fig. 2. Estimated cumulative ejecta thickness in the
Montes Jura region from Sinus Iridum, Plato, and
Harpalus craters based on model of McGetchin et al.
[1973].  Areas covered by mare basalts masked out.

We also compared the scale of the radar-dark
haloes about Plato and Iridum to those of rock-poor
haloes mapped by (Ghent et al., 2005).  This showed
that the Iridum and Plato radar-dark halo radii
correspond well to a power-law fit for similar features
across the Moon.  This best-fit corresponds to an
ejecta depth  of about 10-meters.

Summary.  When we compare the three geologic
scenarios for the low radar echoes associated with the
northern rim of Imbrium Basin, the rock-poor distal
ejecta model is the most promising (Thompson et
al., 2006).  Only the low 3.8-cm radar return noted
by Gaddis et al. (1985) remains anomalous; such low
echoes are not characteristic of 70-cm radar-dark
haloes elsewhere on the Moon (Ghent et al., 2005).
If the radar-dark areas associated with the northern
rim of Imbrium Basin are due to rock-poor ejecta,
then Iridum is the largest lunar crater with a radar-
dark halo.  It would have been an outstanding
nearside radar feature if the basalts of Mare Imbrium
and Mare Frigoris had not covered it.

Fig. 3.  Radius of 70-cm radar-dark-haloes versus
parent crater radius.  Solid line is power-law fit,
which corresponds to an ejecta depth of about 10
meters.
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