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Introduction 

      Lunar impact and volcanic glasses are small samples 

that can resolve big science questions about the timing 

of the lunar impact flux in particular and the Moon’s 

evolution in general. They can also provide important 

information about areas of the Moon not sampled by 

Apollo or Luna missions or lunar meteorites [e.g., 1].  

Much of the 382 kg of material returned from the Moon 

by the Apollo astronauts consists of lunar regolith, and 

glasses are abundant [e.g., 2]. However, their 

provenances of origin are not usually well-constrained. 

Targeted sampling of glasses with particular 

compositions, in the context of local and regional 

geological information, would elucidate answers about 

the Moon’s history. Investigations of these samples 

would further support using the Moon as a “mini planet” 

for understanding planet formation in our Solar System 

and planetary systems around other stars [e.g., 3]. The 

compositions of these glasses can be easily measured 

with hand or other instruments by the human crew. 

 

Potential Science Investigations 

Impact Glasses: Formed in melted impact ejecta 

during ballistic flight, lunar impact glasses were an 

unexpected find in the Apollo samples. Detailed 

geochemical and chronology investigations in the past 

decade have shown that lunar impact glasses reveal 

interesting trends in the impact flux in the Earth-Moon 

system [e.g., 4, 5; Figure 2], some of which appear to 

coincide with significant terrestrial events [e.g., 

Ordovician extinction at 480 million years ago (Ma), 6; 

global melting of Snowball Earths at 660-710 Ma and 

645-655 Ma, 7]. Simple measurements of refractory 

elements [8] and element ratios [e.g., 9] allow impact 

glasses to be easily distinguished from volcanic glasses, 

and in situ measurements will ensure that glasses could 

be easily identified.  

Volcanic Glasses: Volcanic glasses formed during 

fire-fountaining events when the Moon was 

geologically active. Sampling of these glasses would 

lead to a better understanding of the lunar dynamo [e.g., 

10, among others] and the source of the Moon’s 

volatile-rich material, including water [e.g., 11]. 

Furthermore, detailed investigations of these glasses 

could also reveal information about depth of glass origin 

[e.g., 12], advancing our understanding of the evolution 

of small bodies. 

Regolith Transport: Impact processing of the lunar 

surface is not well-constrained, and the current flux of 

meter- and smaller scale impacting objects has been 

measured to be significantly higher than predicted by 

the standard production and chronology functions [e.g., 

13, 14]. Identifying and sampling glasses – whether 

volcanic or impact – can reveal important information 

about the compositions of regolith materials, both at 

depth and at sites distant from the Artemis landing and 

science investigation sites. Identification of impact 

glasses, in concert with high-resolution orbital data, 

may allow the source craters to be revealed. In general, 

these studies would improve our understanding of the 

mechanics that govern regolith transport processes. 

Solar Wind: The nature of the solar wind can be 

investigated using glasses, too. For example, isotopes of 

argon in samples collected by the Artemis crew can be 

measured in Earth-based laboratories and may provide 

evidence for changes (if any) in the solar wind 

composition over time. Samples collected from depth or 

from areas protected by the Earth’s magnetotail would 

be especially useful. 

Resource Utilization: Over 25 different 

compositional groups of volcanic glasses have been 

identified [e.g., 15] indicating multiple different 

reservoirs of material. Importantly, high concentrations 

of Mg, Ti, Fe, and S have been measured in the volcanic 

glasses found in the Apollo regoliths, all of which could 

be extracted and used during future robotic and human 

landing missions to the Moon [e.g., 16, 17, 18; among 

others]. On a small scale, gas in vesicles in volcanic 

glasses could be extracted [19] for use by humans or 

robots. On a large scale, dark mantle deposits of high-

Ti pyroclastic material (e.g., as seen at Sinus Aestuum) 

could be used for shielding habitat modules [e.g., 

20,21], and old high-Ti regoliths would be promising 

areas of He3 enrichment [22]. The glasses could also be 

potential sources for ceramics and fiberglass [23]. 

 

Examples of Recent Studies 

As analytical instruments and techniques have 

improved, geochemical studies of lunar glasses have 

become more focused.  

Formation Ages: Argon mass spectrometers 

capable of analysing small glasses with even smaller 

amounts of argon have become available. Ages derived 

from U-Pb and “chemical” U-Th-Pb [e.g., 24,25] have 

also been assigned to impact and volcanic glass 

spherules, though in general, these ages do not agree 

with measured 40Ar/39Ar ages [26]. 

Impact Flux: While most volcanic glasses are 

spherical, impact glasses come in a variety of shapes, 

including spherules and shards (i.e., fragments). Careful 

investigations tell different stories, however. For 

example, Zellner and Delano [4] observed that impact 
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spherules are more likely to be young and thus reflect 

recent impact events, while shards reflect impact events 

over the age of the Moon. Using results from a model of 

impact flux scenarios, Huang et al. [27] suggest that the 

excess of young ages for lunar impact glass spherules is 

likely due to limitations of the sampling strategy 

undertaken by the Apollo astronauts and does not reflect 

an actual increase in the recent lunar impact rate.  

Lunar Magnetism: Volcanic glasses can acquire 

and retain a permanent magnetic remanence generated 

by the lunar dynamo. Recent advances in instruments 

capable of measuring magnetic fields in small glasses 

now allow those investigations to proceed [e.g., 29]. 

Careful planning and sampling of glasses conducted 

by the Artemis crew, along with geochemical and 

chronology investigations of these samples in Earth-

based laboratories, would help to resolve discrepancies, 

address current high-priority questions, and even 

present science questions we do not yet know to ask. 

 

Relevance to Artemis Science Goals 

The science investigations listed herein would 

address portions of objectives listed in the Lunar 

Exploration Roadmap (version 1.3, 2016), including 

Objective Sci-A-7, to understand the impact process; 

Objective Sci-A-8, to determine the stratigraphy, 

structure, and geological history of the Moon; Objective 

Sci-B-1, to understand the impact history of the inner 

Solar System as recorded on the Moon; and Objective 

FF-C-10, to develop the capability to acquire and use 

local resources to sustain long-term exploration crews 

(LER, 2016). Understanding the depth and distribution 

of volcanic (pyroclastic) glasses would address portions 

of Strategic Knowledge Gap Theme 1 (Understanding 

the Lunar Resource Potential), Category 1-E: 

Composition/volume/distribution/form of pyroclastic or 

dark mantle deposits and characteristics of associated 

volatiles (page 19; LEAG, 2016). Furthermore, these 

investigations would support aspects of NASA’s 

Strategic Goal #2, to extend human presence to the 

Moon and allow for sustained operations on the lunar 

surface (page 19; NSP, 2018), as well as several of the 

goals in the Artemis Science Plan [e.g., 3]. 
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Figure 1. Lunar glasses from Apollo 15 sample 15221, with 

sizes ≥200-m. Image from [1]. 

 

 
Figure 2. Lunar impact flux, as observed in lunar impact 

glasses. Modified from [4,5, 28]. 
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