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Proposal and geological significance of lunar low brightness temperature
difference anomaly based on CE-2 MRM data
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Abstract: The thermal physical properties of lunar regolith are crucial for unraveling the moon’s thermal history, geological evolution, and
viability of in-situ resource utilization, and the thermal anomaly is a key area of interest. Microwave observations can reveal subsurface
characteristics about lunar regolith from centimeters to meters in depth, and remarkably enhance our understanding of these properties. The
microwave radiometer (MRM) onboard Chang’E-2 (CE-2) conducted passive microwave remote sensing of the moon at frequencies of 3.0,
7.8, 19.35, and 37 GHz from 2010 to 2011. The employment of multichannel, multitemporal MRM data provides a new perspective on
thermal anomalies.

Considering that Brightness Temperature (TB) is strongly affected by latitude, the difference between the TB values of the same
frequency generated at two dissimilar local times is introduced, named dTB, which indicates an excellent description of the thermophysical
characteristics of the mare deposits in the wavelength-related penetration depth. Utilizing dTB obtained at 37 GHz, along with numerical
simulations of brightness temperature, and integration with Clementine UV-VIS, LRO Diviner, and DEM data reveal the substantially low
dTB at 37 GHz in the eastern and southern highlands of the Moscoviense basin. The statistical analysis of the anomalous region and the
western highlands, the corresponding FeO, TiO,, rock abundance, and DEM data do not show the same trend of change. Hence, the known
compositional and topographical data cannot explain the genesis of the low dTB anomaly.The existence of low dTB anomalies is confirmed
in Mare Smythii. Taking the highlands at the same latitude and the Chang’e-5 landing region with normal brightness temperature differences
as references, the EM unit in Mare Smythii exhibits lower dTB at 19.35 and 37 GHz. Furthermore, comparative analysis with the
compositional data from Chang’e-5 landing region reveals that currently known compositions cannot account for the low dTB anomalies.
The anomaly may likely be due to a component that has not yet been detected or identified.

Additionally, the discovery of low dTB anomalies in the Apollo basin and Balmer region provides valuable clues for understanding
these phenomena. Based on the impact cratering model, the low dTB anomaly in the Apollo basin is likely due to the rebound of deep lunar
crustal materials during the impact process. The anomaly in the Balmer region corresponds with the location of the impact crater ejecta
coverage, which suggests that the material causing the low dTB anomaly likely originated from the excavation of deep lunar crustal
materials by impact events, which indicates vertical heterogeneity in the lunar crust’s composition.

The discovery of low dTB anomaly provides a new insight for further research on the thermal radiative properties of lunar regolith, and
the localized and previously undetected material offers innovative scientific views for investigating the moon’s impact evolution history and
the properties of shallow crust.

Key words: low brightness temperature difference anomaly, microwave radiometer, brightness temperature, regolith composition,
geological significance
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