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Introduction:  Imaging InfraRed Spectrometer 

(IIRS) instrument onboard Chandrayaan-2 (Ch-2) 

provides a wide spectral range to detect and map the 

lunar minerals including surficial hydration features, 

which, in turn, helps us to better constrain the 

mineralogical make-up of the lunar crust. In the current 

study, we present the analysis of IIRS data indicating 

the occurrences of different mineralogical entities 

associated with the western flank of crater Gardner 

(17.7°N, 33.8°E) and adjoining region. Gardner is an 

Eratosthenian-aged crater with a diameter of ~25 km, 

located on the eastern side of crater Vitruvius and SE 

of Taurus-Littrow Valley (Apollo 17 landing site) [1]. 

Chandrayaan-1 (Ch-1) Moon Mineralogy Mapper (M
3
) 

observation of the Gardner region suggested that it is 

the largest central-vent volcano identified so far on the 

lunar surface [1]. This area was formed due to the 

central vent dominated eruption supported by the 

tectonically controlled deformation in the Imbrian 

period. The underlying feeder dykes along the eastern 

procellarum KREEP terrain (PKT) might have been 

the main source of magma [1].  

Datasets and methodology:  Ch-2 IIRS data 

covering the western part of crater Gardner has been 

analyzed to identify the mineralogical diversity of the 

crater. IIRS is mapping the lunar surface in a wide 

spectral range of ~800-5000 nm at a high spatial 

resolution of ~ 80 m/pixel from the 100-km orbit [1-3]. 

The level-1 radiance data of IIRS is converted to 

reflectance by normalizing with the incoming solar 

flux. Ch-1 M
3
 data of the same region has also been 

processed to compare with the Ch-2 IIRS data [5-6] 

(Figs. 1e-1f). The M
3
 instrument imaged the lunar 

surface in a spectral range of ~450–3000 nm with a 

spatial resolution ~ 140 m/pixel from 100-km altitude 

[5-6]. To highlight the basic mineralogical diversity at 

the studied site, a false color composite (FCC) has 

been generated by assigning red, green and blue 

channel to 995-, 1366- and 2091-nm band of IIRS and 

930-, 1249-, and 2137-nm band of M
3
, respectively 

(Figs: 1a and 1b). Additionally, an IBD-albedo FCC 

has been prepared by assigning red, green and blue 

channels to IBD-1000 nm, IBD-2000 nm and 1535-nm 

albedo channel of IIRS and 1578-nm albedo channel 

for M
3
 (as this spectral region is free from any lunar 

mafic silicates absorption), respectively (Figs: 2a and 

2b). The high-resolution narrow angle camera (NAC) 

images of NASA’s Lunar Reconnaissance Orbiter 

mission have also been used in this study to analyze 

the morphological features present within the crater [7-

8]. 

Results and discussions:  Spectral signatures of 

the study area encompassing the western part of crater 

Gardner indicate the occurrences of both low- (LCPs) 

and high-Ca (HCPs) pyroxenes. The impact melt-rich 

western inner flank of Gardner is predominantly made 

up of high-Ca pyroxenes, whereas, the Gardner-

adjoining mare-highland transition region with 

abundant knobby structures/features show LCP-

bearing noritic lithologies (Figs. 1c-1f). To avoid the 

effect of thermal emission beyond ~2500 nm, the 

reflectance spectra have been clipped at 2500 nm. The 

HCP-bearing gabbroic exposures along the western 

inner flank of the Gardner crater are characterized 

based on the strong dual absorption features near 970-

989 nm and 2137 nm (Figs. 1c and 1d). Localized 

outcrops of LCPs are also seen along the southern rim 

that are characterized by the dual spectral absorptions 

near 930-940 nm and 2018 nm (Figs. 1c and 1d). 

Dominance of matured highland soil/regolith is 

observed along the north-western part of the crater rim 

that is in sharp contact with the western and southern 

melt-rich mafic deposits (Fig. 1c and 1d). The radiance 

and reflectance spectral profiles of the representative 

regions from the study area show close match between 

Ch-2 IIRS and Ch-1 M
3
 data (Figs. 1e and 1f). 

Additionally, the eastern inner flank of the crater rim 

has been studied using M
3
 data that exhibits exposures 

of both HCPs and LCPs. However, unlike its western 

counterpart, dominance of highland composition could 

not be noticed in this region. Perhaps, the NW felsic 

deposit could be the result of highland ejecta from 

some nearby large impact crater(s).   

The high-resolution LROC-NAC images suggest 

that crater Gardner has a prolonged and steep wall. The 

evidences of impact melt flow associated with debris 

flow/avalanches could be observed along the inner 

flank of crater rim (Fig. 2c-2e). Due to the high-spatial 

resolution as compared to the recently flown imaging 

spectrometers, the impact melt-rich deposits could also 

be clearly identified in the IIRS data. The presence of 

Gardner volcanic region at the south-eastern part of the 

crater explains the dominance of the mafics within the 
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crater area, which might have been excavated by the 

Gardner-forming impact event. 

Conclusions: Representative spectra from the 

study area as measured by Ch-2 IIRS and Ch-1 M
3
 

show good agreement. The minor differences seen in 

the reflectance values could be due to the differing 

viewing geometries and also partly due to the 

differences in the spatial and spectral resolutions of the 

two instruments. The crater rim has steep slope 

gradient which could have triggered the debris flows 

during the post-impact modifications of the area. High-

resolution IIRS image provides very good spatial 

details of the area and thus, helps in discerning the 

compositional variability of the region. From this 

study, it can be concluded that crater Gardner is a fresh 

crater which is located within an intercalation zone of 

highland and a volcanic feature. This could be the 

reason of having both HCP- and LCP-bearing 

lithologies within the crater. 
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Figure-1: a. FCC mosaic of crater Gardner using CH-2 IIRS dataset. The inset is showing the west portion of Gardner Crater. b. FCC mosaic 
of Gardner using CH-1 M3 data. (c - d) Representative reflectance spectra of various minerals from IIRS (c) and M3 (d) data. (e) Mean 

spectral radiance comparison between Ch-2 IIRS (Black solid line) and Ch-1 M3 (Red solid line). (f) Plot showing comparison between the 

spectral responses of Ch-2 IIRS and Ch-1 M3 as obtained from a fresh clast-rich exposure along the inner flank of the crater. 

Figure-2: (a-b) IBD mosaic images of Crater 

Gardner have been prepared by using the M3 

and IIRS datasets. (c) Crater Gardner as 

captured by M3 (a) and IIRS (b) instrument. (d 

- e) Zoomed-in portion as shown in the inset in 

Fig. c, highlighting impact melt flows 

associated with avalanches as captured by 

LROC-NAC image (~50 cm spatial 

resolution). 
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