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Introduction:  Comparative analysis of multiple 

lunar data sets, derived from Earth-based and orbital 

observations, provides a powerful tool for studying 

regolith evolution. We have estimated the near-surface 

“gardening” rate using a specific time horizon – 

kilometer-scale streaks on the Aristarchus plateau. The 

results are comparable to gardening estimates derived 

from recent impact modeling and data from Apollo drill 

cores. 

 

 Study Area and Data Sets: This study 

encompasses the Aristarchus plateau. Observational 

data include radar, thermophysical, and visible images. 

Aristarchus:  The Aristarchus plateau is a 170 by 

200 km block of highland crust that rises 2 km above 

the mare basalts of Oceanus Procellarum. The 40 km 

diameter Aristarchus crater, with an age estimated at 

175 +/- 9 Ma [1], dominates the SE corner of the 

block. A pyroclastic deposit with an area of over 

49,000 km2 and a depth of approximately 10 m covers 

much of the plateau [2]. The deposit formed shortly 

after uplift of the plateau, approximately 3.5 Ga ago. 

The study area is located in the western section of the 

deposit near Schroter’s Valley, a large sinuous rille. 

By analogy to the Taurus-Littrow deposit sampled 

at the Apollo 17 site, the Aristarchus pyroclastics are 

likely dominated by 10 to 100 m diameter glass beads. 

The Aristarchus pyrocastics form a thick, near-

homogeneous deposit, ideal for assessing regolith 

gardening with a minimum of complications. 

Radar: Campbell et al. [3] published a study of the 

Aristarchus plateau using Earth-based radar imaging 

with wavelengths of 12.6 and 70 cm. The radar 

penetration depth in lunar soil is approximately 10 to 

20 wavelengths. 

Thermophysical: The Diviner instrument is a 

near/thermal-infrared (IR) mapping radiometer on the 

Lunar Reconnaissance orbiter (LRO) spacecraft [4].  

Hayne et al. [5] used Diviner temperature data to map 

lunar surface thermophysical properties, as expressed 

by the “H-parameter”, which is inversely proportional 

to thermal inertia. Over the lunar diurnal cycle the 

thermal wave penetrates to a depth of approximately 10 

cm. Thus, only rocks buried to that depth or less can 

affect surface temperature variations and the H-

parameter. 

 

 Visible/Near-IR: The LRO camera (LROC) system 

includes a wide-angle camera (WAC) that images the 

Moon thru seven filters spanning the visible and near-

IR range [6]. The WAC images thus sample only the 

very surface of the Moon. 

 

Observations:  Radar images, thermophysical 

parameter maps, and visible-light images present 

different yet complementary insights into features 

within the Aristarchus pyroclastic deposit. 

Radar:  Campbell et al. [3] noted numerous 

kilometer-scale streaks across the study area that 

appear bright (enhanced reflectivity) in radar images 

(Fig. 1). These authors observed that the streaks are 

generally radial to the Aristarchus crater, centered 

approximately 150 km to the southeast. They suggested 

that the radar was sensing rocks larger than ~2 cm, 

formed by secondary impacts of blocks ejected during 

the cratering event. The streaks are apparent in the 12.6 

cm radar images, which are sensitive to depths as great 

as 1.3 to 2.6 m. 

 

 
Fig 1.  This 12.6 cm radar image shows the pyroclastic 

deposit and Schroter’s Valley. Arrows indicate three 

prominent radar-bright streaks, radial to Aristarchus 

crater. 

 

Thermophysical: The H-parameter map of the study 

area (Fig. 2) shows that some features corresponding to 

radar-bright streaks are barely discernible as light blue 
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lines, while others are not discernible. This observation 

indicates that the streaks occur at depths at or below 

the limit of the diurnal temperature wave, 

approximately 10 cm. 

 

 
Fig. 2.  H-parameter image of the study area shows 

barely-discernible streaks radial to Aristarchus crater. 

 

Visible/Near-IR:  The LROC WAC photomosaic of 

the study area shows no evidence of the crater-radial 

streaks evident in radar images and barely discernible in 

H-parameter images. The streaks do not have a visible 

manifestation on the surface of the pyroclastic deposit. 

 

 
Fig. 3.  LROC WAC photomosaic of the study area 

shows no evidence of crater-radial streaks.  

 

Regolith Turnover: The streaks radial to 

Aristarchus crater constitute a distinct time horizon, 

with an age of approximately 175 Ma. The radar, 

thermophysical, and visible light images indicate that 

the streaks occur at a depth of approximately 10 cm or 

more below the present surface. These observations 

indicate that the pyroclastic material was gardened by 

meteorite and micrometeorite impacts sufficiently to 

emplace approximately 10 cm of material over the 

streaks in a period of around 175 Ma. 

Costello and colleagues [7] have recently re-

analyzed older estimates of regolith mixing, fully 

accounting for the effects of both primary and 

secondary craters (Fig. 4). This model is in accord with 

the degree of reworking observed in Apollo regolith 

drill cores [8, 9], as well as age estimates for lunar 

splotches, cold spots, and rays. The model implies that 

burial of the 175 Ma streaks to a depth of around 10 

cm involved several hundred turnover events. 

 
Fig. 4.  Regolith mixing model from Costello et al [7]. 

Green star corresponds to observations of streaks radial 

to Aristarchus crater. 

 

Conclusions:  Streaks radial to Aristarchus crater, 

observed in the adjacent pyroclastic deposit, constitute 

a specific time horizon. Impact-induced mixing in the 

deposit has gardened material formerly at the surface to 

a depth of approximately 10 cm in the past 175 Ma. 

This rate corresponds to several hundred turnover 

events, and is in good agreement with the reworking 

rates calculated from the vertical mixing of regolith 

seen in Apollo drill cores. 
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