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Interpretation

Conclusion

Comparisons between the maximum mass of water theoretically erupted and 
the mass estimated to be present using spectral data can be used to make infer-
ences about the origin of water at the three analyzed silicic domes.

The entire range of calculated masses of water that, theoretically, could have 
been erupted at the Hansteen Alpha silicic dome exceeds the amount of water 
observed at the dome spectrally. The water content of the dome being so mini-
mal, less than even the lowest anticipated theoretical value, would indicate that 
all water present at Hansteen Alpha is of exclusively volcanic origin. The dispari-
ty between the maximum theoretical water content and the observed water 
content could be accounted for by volcanic water loss during eruption in the 
form of water vapor released to space. Therefore, no additional explanations of 
water origin are required by the data to explain the water present. 

There are three main implications that can be derived from comparisons of the-
oretical and spectral data for the Compton-Belkovich Volcanic Complex and the 
Mairan domes: 
(1) Spectrally-based water content for both sites lies in between the minimum 
and maximum theoretical values calculated. Because of this, if the original water 
content of the magma were to coincide with the 0.01wt% theoretical water con-
tent value, the same value of water as the amount observed spectrally would 
have been originally produced. This would be consistent with standard esti-
mates for magma water content on the Moon. (2) Because they are lower than 
their respective theoretical maximum values, spectral water contents observed 
for Compton-Belkovich and the Mairan domes demonstrate a similar relation-
ship with their maximum values to that of Hansteen Alpha. This similar relation-
ship indicates that it is possible for the water content of each dome to be the 
result of exclusively volcanic origins if the maximum theoretical value was clos-
est to the original water content at formation of the domes. (3) Given their loca-
tion in the middle of the range of theoretical values, the spectrally observed 
water contents for these domes are greater than their minimum theoretical 
values. This shows that if the minimum theoretical values were closest to the 
original water content of Compton-Belkovich and the Mairan domes, means of 
water formation other than volcanism could have also contributed to the 
domes’s water content. Those additional means of water formation would ac-
count for increased water content values present now as compared to the origi-
nal amount present at formation.
* It should also be considered that the assumption of the spectral water concentration’s continuity throughout the depth of the 
feature may be inaccurate, since no de�nitive data is available to evaluate this assumption. If this is the case and the spectral 
concentrations of water on the surface cannot be extrapolated throughout the depth of the feature, it is possible that even less 
water is present than represented in the calculations shown here, which does not necessarily refute the implications drawn from 
the data.

1.A. The table above is an example of volume calculations from the Hansteen Alpha 
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 A team of students from Mt. Horeb High School calculated the location and abundance of water (as H2O or OH-) on the lunar surface through the analysis of several silicic domes. Research began with the use of SSERVI’s LROC Quickmap to locate three sets of silicic domes, identi�ed by areas of similar 
composition that di�ered from the surrounding mare. The volume of these domes was then calculated to provide a theoretical amount of water present upon eruption based on the magma composition. Spectral data was then analyzed to calculate the amount of water currently present at these three silicic 
sites. The results provide the possible amount of water present at these domes in comparison with the amount theoretically erupted during the formation of the dome in order to draw conclusions about the relative contributions of lunar volcanism to the water concentration at the studied silicic domes.

How does the amount of water observable presently at lunar silicic domes compare to the amount theoretically erupted?

Background Silicic Domes Studied
Water on the Moon 
 
Water is present on the Moon not as oceans, lakes, or rivers, but instead as a component of the lunar 
surface and rock.[21] Both H2O and OH-, referred to collectively as “water,” are present in minute amounts 
throughout the rock. Measured in parts per million (ppm), they are not a major part of the composi-
tion. A small amount of water is present in magma below the surface but may be lost from the magma 
during eruption. Additionally, more water can be formed on the lunar surface by the combination of 
the present OH- and hydrogen ions that are brought in by the solar wind.[15][13][11]

 
Distribution and variation of water on the lunar surface varies primarily as a function of latitude, which 
is consistent with the theoretically dominant source of lunar surface water being solar wind interac-
tion [13][15][21] with lunar volatiles. Other in�uencing variables include diurnal variation and connection 
with soil maturity [13]. Localized enrichments of water occur at some silicic domes as well, which are be-
lieved to be of volcanic origin and correlated with the high-silica composition of the domes. [13] 

 Silicic Domes

Silicic domes on the lunar surface are the result of past volcanic eruptions.[3]  The domes were created 
by the discharge of silica-rich lava from beneath the lunar surface. Silicic magma has a high viscosity, 
leading to the trapping of dissolved gas in magma chambers. As the pressure of this gas builds, the 
viscous magma moves towards the surface of the lava chambers. When enough pressure has been ac-
cumulated, the magma surfaces as lava though volcanic vents. Due to the viscous nature of the lava, 
the extrusion is able to solidify in a general dome-like shape.[7] 

Silica is a major factor in the composition of the each of these domes.[13] Due to past research, it is 
known that the amount of silica present in a magma is directly proportional to the amount of water 
available. [13] Therefore, silica levels can be used to calculate the presence of water below the lunar sur-
face. 

Mairan Domes

Methods: Methods: 

Hansteen Alpha, also known as 
Mons Hansteen, is a 30 km wide 
triangular dome located in the 
Oceanus Procellarum between the 
Hansteen and Billy Craters.[3][8] Due 
to the lack of ejecta coverage on 
Hansteen Alpha, it is known that 
the craters predate the volcanic 
area. Three units make up the 
Hansteen Alpha complex: the Pitted 
region, the Hilly-Dissected area, and 
the Northern Massif.[12] The Pitted 
and Hilly-Dissected units are com-
positionally similar, demonstrating 
many of the the usual characteris-
tics of silicic domes. However, the 
Northern Massif unit has a distinct 
and lower silicic composition.

The Compton-Belkovich Volcanic Complex 
(CBVC) is a thorium-rich volcanic hotspot 
located on the lunar farside in between the 
Belkovich and Compton craters.[22] This 
region contains several volcanic structures, 
such as a large caldera, cones containing 
summit craters, and small domes. Comp-
ton-Belkovich is unique in that it is not lo-
cated within the Procellarum KREEP ((K)Po-
tassium, Phosphorus, and other Rare Earth 
Elements) Terrane.[4] This area contains the 
vast majority of silicic domes, making 
Compton-Belkovich somewhat enigmatic. 
CBVC is distinguished by an unusually high 
level of thorium in comparison to the rest 
of the lunar surface. Thorium concentration 
here is greatest at the center of the volca-
nic complex and decreases with distance.

The Mairan Domes are a set of four 
volcanic features located in the 
northern Oceanus Procellarum. They 
were formed by the extrusion of 
highly viscous, felsic lava, which re-
sulted in four steep-sided features, 
each relatively comparable in compo-
sition.[7] Each of these features is gen-
erally symmetrical, leading to the 
conclusion that lava was extruded 
onto a �at plane from a single vent, 
rather than onto a sloped surface. 
Similar to other silicic domes identi-
�ed across the lunar surface, the 
Mairan Domes’ features exhibit high 
albedos and strong UV absorp-
tions.[15]

Given the lack of applicable data illustrating sub-sur�cial composition and its relationship with surface com-
position, it is assumed for calculation purposes that the composition of the lunar dome surface is representa-
tive of the subsurface composition. Water present on a dome as seen on the surface through spectral data can 
therefore be extended to include the entirety of the dome’s volume.

For each dome, the volume of each color value found on the water content maps was determined through 
multiplying the height of the color value (from the base altitude of the �gure) and the area of each color value. 
Each color value represents an area of hydrous composition, not including the full area of each silicic dome. 

The area for Hansteen Alpha was distinguished by outlining the color area using LROC Quickmap[1], as the 
dome contains only one percent water by weight (abbreviated as wt% H2O). This low level is indicated by the 
light pink coloration on its water content map. Compton-Belkovich and Mairan both displayed two color 
values (shown by light pink and purple coloration) each with a distinguished wt% H2O value. By using the soft-
ware program ImageJ [9], the area of each color value for both Compton-Belkovich and the Mairan domes was 
determined to scale, using known km lengths of Compton-Belkovich and the Mairan domes. To determine the 
spectral height for the volume calculation, an average height for each color value was found for each silicic 
dome and then di�erentiated with the baseline altitude of magma for its speci�c dome. 

With the spectral height and spectrally active area for each color value of each dome found, the spectral 
volume was calculated. Along with spectrally active areas, the wt% H2O value was derived from the same 
water content map with wt% H2O values that match each colored area. From the wt% value, a decimal value 
for further calculation was determined. In order to acquire the mass of water, the calculation also utilized stan-
dard densities of magma (abbreviated as Pm), an anhydrous density for Hansteen Alpha, and a hydrous densi-
ty for Compton-Belkovich and the Mairan domes.

Once all of the data was collected, the calculation to determine the mass of water erupted for each wt% value 
proceeded as follows:
            ((wt% H2O/ 100) x (Pm) x (1015)) x (volume)

Compositional calculations for the domes determine the mass of water theoretically involved in the original formation of the dome, which is the 
maximum amount of water of volcanic origin that could have been present at the site. To achieve this, the volume of magma erupted in the forma-
tion of the dome, assumed for these purposes to be represented by the volume of the dome, was multiplied by various theoretical magma water 
content weight percents for the magma. These calculations produced a range of possible water mass outputs, which vary depending on the 
degree of water content of the magma.

Drawn based on Moon Mineralogy Mapper (M3) spectral data, water content maps of the examined silicic 
domes show varied weight percents of water, as interpreted by Li and Milliken[13]. Spectrally, the Mairan 
domes and Compton-Belkovich exhibit anomalously high water concentrations, while Hansteen Alpha 
holds little evidence for increased hydration. Using the water content maps of silicic composition, the mass 
(g) of water erupted was calculated for each dome based on spectral data. 

Magma Water Content
Given the relative scarcity of water in the lunar system[11][13][17], the magma that formed these silicic domes is not expected to exceed water con-
tent levels of 1.0 weight%;[10][21] however, the precise degree of water content for a lunar silicate melt is still undetermined. Therefore, potential 
levels of 1.0wt%, 0.1wt%, 0.01wt%, and 0.001wt% were calculated to produce a range of possible water mass outputs, varying depending upon 
the water content of the magma. 

The density of the magma, used to calculate water mass, varies depending on the level of water present.[13] These individual densities for each 
wt% value are shown in the table below under their respective wt% value.  Density of magma is abbreviated as [Pm].

Volume of the Dome
In order to calculate the volume of a dome, it was �rst necessary to identify and de�ne the area that would be considered part of the feature itself. 
For this de�nition, compositional factors relevant to the unique makeup of these anomalous silicic domes were considered. All of the compositional 
factors listed below were considered for each dome, but due to the unique composition and origin of each of the domes evaluated, not all of these 
factors were relevant to each individual dome. In some cases, a dome might have been unremarkable in terms of iron or titanium abundance as 
seen on the Lunar Reconnaissance Orbiter Camera (LROC) Quickmap[1] �lters, in which case the �lter in question was not used in the de�nition of 
the dome area.

         -The Standard Christiansen Feature Value �lter[6] was used to infer di�erences in rock composition. 
  The �lter’s analysis is based on albedo, variations of which correlate with variations in composition.[12][13]

 -Iron presence, in the form of FeO, was used. Silicic domes can generally be distinguished by a 
  signi�cant lack of iron in comparison to the surrounding mare.[16] 
 -Titanium presence was also considered, in the form of TiO2.[6]

The WAC Color Relief Digital Terrain Model (DTM) of Quickmap[1] was then used to separate the area 
of each dome into layers to begin calculations in the third dimension: height. The baseline altitude 
of the �gure (see MIN. ALT. in the table below) was determined as the lowest elevation on the out-
line of the dome. For height multiplications of each layer, the average altitude of the layer was sub-
tracted from the baseline/minimum altitude, the absolute value of which being used as the height 
of the layer.

For Compton-Belkovich, the main identifying compositional feature is thorium abundance[4][18]. How-
ever, on Quickmap[1], the thorium abundance �lter was of a low resolution relative to the area of the 
dome examined and lacked the detail necessary to yield results as accurate as the other �lters. As 
such, the thorium abundance map was used as a guiding distinction, and the outlining of Comp-
ton-Belkovich was aided by the use of the grayscale image to the right.

Volcanic Contribution of Water at Lunar Silicic Domes
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Shown here is the example Color Relief layer outlines 
from the Hansteen Alpha calculations.

The above maps[13], based on spectral data, illustrate the presence and concentrations of water species as seen on the 
lunar surface for domes Hansteen Alpha, Compton-Belkovich, and the Mairan domes. Colorations correspond with varying 
degrees of magma water content in an area (ppm).. 
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Mass of Water Based on CompositionMass of Water Based on Spectra 

The silicic features Hansteen Alpha, Compton-Belkovich Volcanic Complex, 
and the Mairan domes were studied in order to determine their water content 
through volcanic contribution. Results reveal that at these domes, it is possi-
ble that the water present spectrally can be accounted for by the eruption of 
hydrous magma during their formation. Further analysis of Compton-Belkov-
ich and the Mairan domes showed that observable water could, in addition, 
be consistent with standard magma or contain non-volcanic water contribu-
tions, depending upon the accuracy of the theoretical values for original water 
contents of the domes. These results indicate that there is a possibility for the 
amount of water calculated spectrally for these features to be present in areas 
of similar composition to Compton-Belkovich and the Mairan domes. The 
water content of these domes is likely to be present in other lunar areas, 
which provides opportunity for further research of lunar water presence using 
similar techniques.  

 


