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Introduction: Remote detection of magmatic water 

and/or hydroxyl on the Moon has recently acquired great 

importance as the spatially separated and well distributed 

occurrences of hydration features of possible endogenic 

nature on the lunar surface would help in studying the 

heterogeneous distribution of water in the lunar interior 

and also to put a constraint on the water budget of the 

lunar mantle [1-8]. Here we present integrated analyses 

of Chandrayaan-1 Moon Mineralogy Mapper (M
3
) data 

and LRO Mini-RF data over the Giordano Bruno crater 

highlighting the presence of enhanced hydration features 

associated with the ejecta blanket and impact melts of 

the crater and their physical characteristics.  

Geological setting: Girodano Bruno (102.9°E, 

36
°
N) is a very young (~5-10 m.y.) [9] ray crater having 

a diameter of ∼22 km with undulatory floor showing 

hummocky pattern and abundant impact melt pools and 

flows both inside and outside the crater [10]. Previous 

studies [10] identified multiple impact melt ponds within 

the crater floor. [10] had carried out detailed morpholog-

ical analysis of the impact melt features associated with 

Giordano Bruno and provided a new understanding 

about the mobility of impact melts associated with the 

impact craters. However, there are hardly any composi-

tional studies carried out over this interesting target us-

ing hyperspectral data and therefore, our present study 

primarily focuses on the mineralogical/compositional 

study of the Giordano Bruno crater and its associated 

features.  

Data used: Moon Mineralogy Mapper (M
3
) data 

from Chandrayaan-1, having 85 spectral channels span-

ning over 460-3000 nm at a spatial resolution of ~140 m 

[11], have been utilized that are photometrically and 

thermally corrected [12]. Radar observations, in conjunc-

tion with other data sets permit mapping of regolith 

chemical properties and rock abundance. So we use ra-

dar scattering information, in particular the circular po-

larization ratio (CPR) and m-chi decomposition products 

from the LRO Mini-RF [13] (at ~15 m/pix) to investi-

gate properties of ejecta, impact melt ponds, associated 

with the Giordano Bruno crater.  

Results and discussions: Chandrayaan-1 M
3
 data 

covering Giordano Bruno crater in the lunar far side has 

been analysed in conjunction with radar data to charac-

terize the ejecta blanket, hummocky crater floor with 

abundant impact melt ponds and to study the mineralogi-

cal diversity and presence of hydration feature, if any, 

associated with the crater. An FCC has been obtained by 

assigning Red channel to 930-nm M
3
 band, Green to 

2018-nm M
3
 band and Blue to 2976-nm band and the 

resulting FCC has been linearly stretched (Figure 1). In 

such an FCC, the ejecta blanket and the prominent crater 

rays of Giordano Bruno appear in the shades of yellow to 

yellowish green. From the radar images, it is evident that 

the ejecta blankets cover the adjacent Harkhebi K and J 

craters almost completely. From the M
3
 FCC image, the 

crater floor appears brown to dark brown with few bright 

spots scattered within the crater floor. The spectral sig-

natures suggest a noritic to anorthositic norite lithology 

for this crater. We have generated a Rock Type Compo-

site image utilizing the method proposed by [14] (Figure 

2). In such a composite, the pyroxene-bearing lithologies 

are highlighted in the shades of red to orange to pink 

whereas spinel-bearing lithologies appear in the shades 

of green and pure anorthositic rocks are manifested in 

blue (Figure 2). In the composite image, the crater rays 

appear green to orange to cyan depending on the compo-

sitional variabilities associated with the crater rays (Fig-

ure 2). The spectral data reveal the presence of a strong 

OH/H2O feature beyond 2800 nm, the band minima of 

which goes beyond 3000 nm and therefore cannot be 

completely characterized by the present M
3
 data (Figure 

3). The prominent OH/H2O feature is found to be associ-

ated with low-Ca pyroxene-bearing noritic lithologies 

within the crater inner wall. Enhanced hydration has also 

been observed within the hummocky crater floor in asso-

ciation with shocked plagioclase. Interestingly, the hy-

dration feature is completely absent in a low-Ca pyrox-

ene exposure situated in the NNE corner of the inner 

crater wall. Also, the intensity of the observed OH/H2O 

band strength varies from southern part of the crater in-

ner wall to the northern part. Southern inner flank having 

pole-facing slopes show the highest intenstity in the 

OH/H2O band strength and it diminishes towards the 

north.  

Figure 3 shows the spectral variations in terms of 

mineralogy and variations in the 2976-nm wa-

ter/hydroxyl feature. We have chosen a profile along the 

SSE part of the rim crest to highlight the drastic change 

in the intensity of the 2976-nm water/hydroxyl feature 

inside the inner crater wall, at the rim crest and just out-

side the rim crest (i.e., in the outer crater flank) even 

though the mineralogy remains the same at these three 

locations, which in this case is a low-Ca pyroxene (Fig-

ure 4). In Figure 4, the spectra corresponding to pixel 

location at A (blue line plot in Figure 4b) shows a prom-

inent OH/H2O feature near 2976 nm, whereas pixel at B 

located just at the rim crest and that at C just outside the 

crater rim show no hydration feature. We have observed 

OH/H2O feature associated with low-Ca pyroxene-

bearing exposures that occur both in the shadow as well 

as in the sunlit areas along the crater inner wall. Hydra-

tion feature is also seen within the ejecta blanket cover-
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ing the nearby Harkhebi K and J craters as shown in 

Figures 1 and 2.  

Radar CPR is one of the most useful indicators of 

surface roughness, making this an effective tool for iden-

tifying impact melts [15]. Along with the Giordano Bru-

no ejecta fields, impact melt deposits appear bright in the 

Mini-RF CPR images and have values exceeding unity, 

making them relatively easy to distinguish from the 

background terrain. For each possible impact melt de-

posit identified using radar images at regions interior and 

exterior to the crater rim, we obtained the M
3
 signatures, 

which are being analysed. Of particular interest is a fresh 

melt flow feature (outlined in Fig. 5) just exterior to the 

rim towards the south that appears to be covered by very 

little to no regolith. We infer that this radar-bright flow 

is dominated by surface scattering off of a rough surface 

at a scale of centimeters to decimeters, and not due to a 

buried interface.  

Conclusions: A detailed study on the nature and oc-

currences of the observed hydration feature at Giordano 

Bruno crater and its ejecta blanket at optical, radar, and 

thermal infrared wavelengths will provide new clues for 

understanding the nature and diverse associations of lu-

nar volatiles. Present study possibly hint towards the fact 

that the impactor probably brought the water/ice that is 

primarily responsible for the enhanced hydration in and 

around the crater and its ejecta blanket.  
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