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Unveiling the evolutionary mysteries of the lunar far side:
insights from Chang’e-6 returned samples

Chi Wang

Key State Laboratory of Solar Activity and Space Weather, National Space Science and Applied Research, Chinese Academy of Sciences, Beijing
100190, China
E-mail: cw@nssc.ac.cn

Lunar science explores the Moon’s origin, evolution, and geological processes to unravel the history of the Earth-Moon
system and the early solar system, leveraging data from missions like Apollo, Artemis, and Chang’e, as well as lunar
samples and remote sensing, to advance understanding of planetary formation, volatile migration, and potential in-situ
resource utilization for future exploration.

China’s Chang’e-6 (CE-6) mission has achieved a historic milestone by successfully returning 1935.3 g of lunar samples
from the far side of the Moon, marking humanity’s first collection of materials from this enigmatic region. These samples,
retrieved from the South Pole-Aitken (SPA) Basin—the Moon’s oldest, deepest, and largest impact basin—provide
unprecedented insights into the lunar dichotomy, volcanic history, and mantle evolution, positioning CE-6 as a landmark
advancement in lunar exploration and planetary science.

The CE-6 landing site (41.64°S, 153.99°E) exhibits unique geological characteristics. Located in the southern part of the
Apollo Basin within the SPA basin, the region exposes deeper crustal materials due to its thin crust and complex impact
history. Unlike previous samples from the lunar nearside, CE-6 materials originate from a diverse mixture of sources,
including both local mare basalts and non-mare components. Analytical results reveal a bimodal grain-size distribution,
elevated Al,O; and CaO content, and lower FeO and incompatible elements (Th, U, K), reflecting mixing between mare
basalts and highland materials.

A groundbreaking achievement lies in the precise radiometric dating of CE-6 basalts. Using optimized microbeam Pb-Pb
isochron methods, researchers determined that local volcanic activity occurred 2.8 billion years ago (Ga), a surprisingly
young volcanic episode that has not been observed on the nearside. Intriguingly, a 4.2 Ga high-alumina basalt clast suggests
prolonged volcanic activity spanning at least 1.4 billion years on the far side. These findings validate the applicability of
crater chronology models to the lunar far side.

Geochemical tracing of mantle source regions reveals a depleted KREEP signature (eng = +17) for the 2.8 Ga basalts
This paradox challenges previous theories linking prolonged volcanism solely to radiogenic heating from KREEP
(potassium, rare-earth elements, phosphorus)-rich regions. It also highlights a disconnect between surface KREEP
distribution and mantle source characteristics. The discovery of a 4.2 Ga basalt with a highly enriched p-value (***U/**Pb
~ 1600) further confirms the existence of a global magma ocean, reshaping models of lunar mantle differentiation and
redistribution processes.

The CE-6 samples not only bridge critical gaps in understanding the Moon’s asymmetric evolution but also offer a new
framework for studying planetary geological activities. Future investigations will focus on resolving the mechanisms
sustaining prolonged volcanism in a KREEP-poor environment and re-evaluating the role of mantle overturn or giant
impacts in shaping lunar geochemistry. As analyses progress, these samples promise to deepen our knowledge of the Solar
System’s early dynamics and the fundamental processes governing rocky planetary evolution.

lunar exploration, lunar samples, lunar geology, planetary
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