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Summary: The use of DHCs in studies of cryptomare has necessitated a refinement in our 
understanding of their formation. To this end, a series of impact experiments into layered 
targets of sand was undertaken in order to determine the depth of mare penetration required to 
form a dark halo (dm) Preliminary analysis of experimental results indicates that dm may 
equal 3-10% of the crater depth. Caution must be used in applying this value, since 
experimental conditions do not exactly simulate the spectral characteristics of the Moon. 

Background: Dark halo impact craters (DHCs) have been used to provide evidence for the 
presence of ancient lunar mare deposits, or cryptomare [1,2]. We have shown that the 
distribution of DHCs can be used to delineate the boundaries of the cryptomare. Their size and 
geometry can offer clues to the 3-D geometry of cryptomare and the deposits that overlie them. 
In any given area, the smallest observed DHC should define the top of the cryptomare, and 
therefore the thickness of the overlying ejecta, while the largest observed DHC should define a 
minimum estimate of the bottom. The thickness of the cryptomare can be estimated from the 
difference between the depth of the mare base and the thickness of the overlying ejecta [3]. 

Determining these depths from DHCs is a complex process (Fig. 1). First the crater depth 
(d) is obtained from diameter measurements [4], then the depth of excavation (de) is 
calculated, where de=.33d [5]. This approach has been applied to our study area on the western 
limb of the Moon, where the de values of minimum DHCs were found to be generally consistent 
with theoretical predictions [6] for ejecta from Orientale, and cryptomare thicknesses were 
estimated to be on the order of 500 m. Cryptomare in this region may represent 2% of the total 
known volcanic mare volume and 6% of the presently exposed mare area, a significant 
refinement in our understanding of lunar volcanic history [3]. 

Experiment: Our understanding of DHC formation is still incomplete. Figure 1 illustrates 
how some penetration into the mare layer is required before a dark halo becomes visible, and 
the magnitude of this depth of mare penetration (dm) is not known. We, therefore, began a 
series of experiments that simulate dark halo formation, in order to study dm. 

Layered targets of resin-coated sand were prepared so that a layer of dark material was 
overlain by a thin layer of light material, thus simulating a cryptomare configuration. These 
targets were impacted at velocities of 1, 1.5 and 2 kmls, using one quarter inch (114") 
diameter, spherical, glass projectiles. For each velocity, the thickness of the light top layer was 
varied until the underlying dark layer was excavated in sufficient quantities to produce a barely 
visible DHC (Fig. 2). A barely visible DHC was defined by the presence of a tenuous, but 
relatively symmetrical, halo of dark material around the experimental crater. In our 
experiments, these were identified by visual inspection. However, spectral measurements of the 
DHCs (Fig. 3) were also taken, using the portable spectrometer MINI. These measurements 
show that for our experiments, the definitions of spectral and visible detectability coincide. For 
example, in Figure 2 and 3, we can see that the spectra of the DHC indicate a decreasing amount 
of dark material as we move away from the rim of the crater, reaching a maximum albedo 
beyond the edge of the dark halo, where the spectra can no longer be resolved. 

Results: After spectral measurements were taken, the targets were baked in order to 
harden and solidify them. The targets were then sawed in half, allowing for accurate 
measurements of the crater depths and diameters, and for confirmation of the top layer 
thicknesses. Preliminary analysis of results from this first series of experiments suggest that 
dm may equal 3-10% of the experimental crater depth. The depth of mare penetration required 
to form dark halo craters may, therefore, significantly affect cryptomare thickness 
calculations. 
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Before these results can be accurately applied to lunar craters, several considerations must 
be addressed. Firstly, in our lab experiments, the size of the sand grains with respect to the 
crater size is much grater than the size of the ejecta particles with respect to a lunar crater. 
Furthermore, the experimental DHCs had ejecta blankets that were generally no more than 1 
grain thick, where as lunar ejecta can be 10's to 100's of meters thick [6] and is intimately 
mixed [7]. These factors may have implications for the spectral detectability of DHCs, an 
important consideration if Clementine data are to be used for their identification. However, it 
may be that the experimental ejecta represents a macroscopic mixture of materials and thus 
may be modelled by a linear combination of material reflectances, while the lunar ejecta 
represents an intimate mixture which may be modelled by a non-linear combination of 
reflectances [8], in which case conversion equations between the two spectral types can be 
found [9]. Secondly, in our experiments, we used materials with widely varying albedo 
contrasts. On the Moon, the albedo contrast between highland and mare material will not be as 
great, potentially affecting the detection threshold of the barely visible DHC and thus the value 
of dm. Further work needs to be done to resolve these issues. 

Future Work: We intend to continue with these experiments, studying how dm varies with 
projectile composition. We then intend to expand the study and consider the depth of penetration 
that would be required into a highland substrate in order to excavate sufficient light material to 
obscure a dark halo, thus modeling the limits of the largest observed DHCs. Further 
experiments will also consider the effects on dm when the top layer is composed of a mixture of 
light and dark materials. 

Fig. 1. / A 

d . depth of crater 
de - depth of exmaurn d = o JO~. ( s tme ,  n 1975) dm-depth of mare penetrauon requ~red before dark halo can be wn 
1 - * l c h  01 regloml ejects d e m n  

Fig. 2. ,--- -z 

Fig. 1. Block diagram showing the relationship 0.6 Fig. 3. 
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