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Introduction:  The development and reworking of 
planetary surfaces in a vacuum environment is domi-
nated by impact processes and lack the influence of ae-
olian and fluvial processes that are prevalent on planets 
such as Earth and Mars. In addition to understanding 
the processes  that  shape the Lunar surface,  it  is also 
crucial to understand the relationship between the lunar 
surface and the primary igneous materials that are cov-
ered by the regolith from which it is derived.

The Apollo and Luna programs provided a great 
deal  of  detailed information about  the  compositional 
and physical properties of the Lunar regolith for a lim-
ited number of sites [e.g. 1]. Remotely sensed observa-
tions  have extended  the coverage  across  large  areas, 
especially using Earth based observations of the near-
side [e.g. 2-5].

These observations and studies are continuing us-
ing the Diviner radiometer. Diviner is primarily a ther-
mal  infrared  radiometer  with  7  spectral  channels;  3 
spectral filters are near 8 micron wavelengths and sep-
arate filters cover ~12-25, 25-50, 50-100, and 100-300 
μm wavelengths [6].  Each channel consists of a 1 by 
21 detector array and separate spectral channels are ar-
ranged in a pushbroom configuration.  The spatial sam-
pling of Diviner is ~200 by 400 m from a 50 km orbit 
and  local  time  of  the  observa-
tions migrates across the full di-
urnal  cycle  throughout  the  pri-
mary Lunar Reconnaissance Or-
biter mission.

Methods: Lunar  surface 
temperature  measurements  are 
highly  sensitive  to  the  physical 
properties of the upper ~1 m of 
the  regolith  due  to  the  depen-
dence of thermal conductivity on 
the bulk particle size of the mate-
rial [e.g. 7-10].  In the lunar envi-
ronment,  temperatures  are  espe-
cially  sensitive  to  rocks  larger 
than ~1m in diameter as they can 
remain up to ~90 K warmer than 
the surrounding regolith through-
out the Lunar night.

Surface temperatures can be 
interpreted  through the use of a 
thermal model that includes tem-
perature dependent thermal con-
ductivity  and  heat  capacity  and 
accounts  for  layering  that  is 

likely to be present in the lunar regolith [e.g. 1, 11]. 
The presence of rocks will cause a variable amount of 
anisothermality  to  the  surface  temperature  measure-
ments and must be accounted for in order to interpret 
surface thermophysical properties.

Anisothermality will cause a difference in appar-
ent  brightness  temperature  that  is  dependent  on  the 
wavelength of the observation.  By using multispectral 
Diviner observations, it is possible to assess the magni-
tude of anisothermality and determine the areal abun-
dance of rocks and the temperature of the rock-free re-
golith.  We have developed a non-linear, least-squares 
fitting routine that converges on these two parameters 
using  Diviner  channels  6-8  (~12-100  μm)  radiance 
measurements.  Rock temperatures are assumed to be 
uniform and can be determined using either a model or 
from the cluster of data itself (Fig. 1).

Results:  Examples  of  regolith  temperature  and 
rock abundance maps are shown in Fig. 2.  Regolith 
temperatures  are  generally  uniform and are  typically 
within 2K of 95K in the ~2:30 LT equatorial example 
shown.   Over  most  surfaces,  the  rock  abundance  is 
<1% and has little influence on the retrieved tempera-
tures.   Isolated  areas  typically  surrounding  small 
craters (<1 km diameter) can show lower temperatures 

Fig. 1.  Diviner Channel 6 (12-25 μm) versus Channel 8 (50-100 μm) brightness 
temperature measurements (black dots).  Brightness temperatures are higher at shorter 
wavelengths due to anisothermality and the non-linear nature of Planck radiance.  
Predicted brightness temperatures for 0-100% rock coverage is shown by the colored lines 
for several rock temperatures and (in this case) a fixed regolith temperature.  The rock 
abundance algorithm described here also uses Channel 8 (25-50 μm) data and also 
converges on regolith temperatures for individual data points.
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of  ~85-90K  without  any  change  in  rock  abundance 
from the surrounding regolith.

Areas of elevated rock abundance are typically as-
sociated with crater rims and other landforms, such as 
rilles,  with steep slopes.  These areas also show ele-
vated regolith temperatures, which is probably due to 
the influence of rocks smaller than 1 m on the mea-
surement.   On  craters  large  enough  to  resolve  the 
floors  with  Diviner  data  (>1-2  km  diameter),  rock 
abundance is lower than near the walls and rims of the 
crater, but regolith temperature remains elevated.

Discussion/Conclusions: The general behavior of 
Diviner multispectral measurements is in good agree-
ment with previous measurements [2] and models [10]. 
Most Diviner data points could be well  fit  using re-
golith  temperatures  between  90-100K and rock  tem-
peratures  of  ~185K.   Although a  number  of  factors 
could interact to produce the Planck radiances we ob-
serve with Diviner,  it  is  only possible to constrain a 
few of these using the available data.

As would be expected and in agreement 
with Apollo 17 scanning radiometer measure-
ments, nighttime temperatures and rock abun-
dance values are elevated near crater rims [2]. 
It  is  likely that  relatively fresh craters  have 
exposed  rocks  that  have not  been  degraded 
by impacts.  There is also a correlation of ele-
vated rock abundance within rilles; this is ev-
ident in Hadley Rille consistent with Apollo 
15  observations.   Older  surfaces  that  have 
been pulverized by impacts do not have ther-
mophysical  properties  that  are distinct  from 
the surrounding regolith.

Colder  regolith  surfaces  are  sometimes 
present around small craters and may repre-
sent ejecta excavated from a layer of distinct 
thermophysical  properties  within  the  upper 
10's of meters of the Lunar regolith.  The lack 
of distinguishing albedo and rock abundance 
from the surrounding terrain indicates that the 
fine  particulates  are  distinct  in  these  areas. 
However, the flour-like consistency of typical 
regolith fines indicates that these colder sur-
faces are somehow even more insulating.

Observations  of craters  and their  ejecta 
provide a means to probe the structure of the 
lunar  regolith  and  crust.   This  has  been 
demonstrated  using  radar  observations  and 
many larger craters  have radar dark “halos” 
that are relatively rock-free [3].  A goal of the 
Diviner  investigation  is  to  link the  thermo-
physical properties with the radar observation 
to provide a more detailed picture of the Lu-
nar  regolith  (see  the  concurrent  abstract  of 
Ghent et al. [12]).

We  will  continue  this  investigation  by 

extending the observations of surfaces to a variety of 
local times to help characterize the presence of layer-
ing.  We also plan on integrating the results with ther-
mal modeling to allow for comparison of features  at 
different latitudes and to better account for albedo vari-
ations and local slope angles.
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Fig. 2. Diviner rock abundance and regolith fines temperature maps. 
 Regolith temperatures are typically elevated along with rock 
abundance near rims and walls of craters.  Floors of craters often 
have elevated regolith temperatures but without a corresponding 
elevated rock abundance.
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