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Introduction: In the recent study high-resolution data 

from LRO mission have been used to identify total 70 small 

topographic anomalies termed as Irregular Mare Patches 

(IMPs) [1]. These IMPs serves as very important evidences 

of recent volcanic activity within 100 million years on the 

near side of Moon. The location of these all IMPs is 

presented in Fig. 1A. These IMPs are small irregular 

morphologies and are described as uneven and smooth 

deposits that ranges in dimension from 100 to 5,000 m with 

paucity of superimposed impact craters of > 10 m diameter 

[1]. The first observed IMP-Ina was discovered during 

Apollo 15 mission [2]. The possible origin of these IMPs is 

discussed by [3]. These youngest volcanic features yet 

remain to be studied for their mineralogy. This work 

presents mineralogical study of the IMPs for the first time, 

using high resolution hyperspectral data from the ISRO’s 

Chandrayaan-1 Moon Mineralogy Mapper. 

 

Study area: All the IMPs are present towards the near 

side of the Moon (Fig. 1A). They are spatially clustered 

within the various mare regions of the near side. Out of 

these more than 50% of the IMPs are present within the 

Mare Tranquillitatis. Despite being old, belonging to pre-

Nectarian age [4], and this area serves the major recent 

volcanic activity on the lunar surface. The present work has 

been attempted to analyse the mineralogy of IMPs from 

this unique area. 

 

Data set: Data from the Moon Mineralogy Mapper 

(M3) instrument onboard Chandrayaan-1 have been used in 

this study. The M3 comprises VNIR spectral region (540-

3000 nm) with 140 m/pix spatial resolution from 100 km 

orbital altitude and 280 m/pix from 200 km orbital altitude 

[5], [6]. M3 Level 2 data product of OP1A, OP1B and 

OP2C optical period is acquired, which contains pixel 

located, thermally corrected, photometrically corrected, 

reflectance data [7], [8]. The data is acquired from PDS 

Geoscience Node 

(https://ode.rsl.wustl.edu/moon/index.aspx).  

 

Methodology: IMPs are small Irregular features that 

ranges in size from 100 to 5000 m. M3 serves maximum of 

140 m/pix resolution that makes it difficult to identify the 

smaller sized (100 m) IMPs, which covers a single pixel in 

the M3 image. The spectral reflectance profiles were 

calculated for such smaller IMP from single pixel very 

carefully. We have studied all the IMPs of this study area 

and presented most representative normal and continuum 

removed reflectance spectra of 10 IMPs in the Fig. 2 which 

were collected from location marked in Fig. 1B. Table 1 

presents name of the IMPs, its spectral profile name and 

size. 

Figure 1: A. LROC WAC map presents location of the all 

IMPs distributed on the near side of the Moon. B. LROC 

WAC map displays location of the IMPs studied in this 

work. 

 

Results and Discussions: Reflectance spectral 

signature of all the IMPs shows very prominent 2 µm 

absorption band and less prominent 1 µm band. Band I 

show less strength and the band center varies from 0.97 to 

1.04 μm. Most of these band centers also shows clear two 

secondary side absorptions like olivine (Fig. 2, graph- c, d, 

e, f and spectra- 2c). However, B I center in Fig. 2, graph-a 

(except- spectra 2c), Fig. 2, graph-b, do not show this side 

wings. Band II displays very broad, prominent absorption 

with center range from 2.17 to 2.25 μm, which indicates 

presence of Chromite as per [9]. Spinel displays band II 
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center up to 2.1 μm and long ward shift of this feature (>2.1 

μm) is ascribed to Chromite [9]. Spectra 2C, 3a, 4b, 5a, 5c, 

6a and 6b, 10f, 10g, 10h shows broad band II absorption, 

which possibly presents spinel chromite mixture along with 

olivine. Nature of the spectral reflectance profiles indicate 

that IMPs comprises olivine and spinel and/or chromite 

mixture bearing composition in the study area which 

significantly differs from underlying older basaltic 

composition [10], [11] of this area. This difference 

indicates possible different source region for the formation 

of IMPs.  

 

 

Figure 2: Normal reflectance spectra (Graph: A, B, C, D, E, F) 

and Continuum removed spectral reflectance profile (Graph: a, b, 

c, d, e, f) of 10 representative Irregular Mare Patches (IMPs) of 

Mare Tranquillitatis. Location map of these IMPs is given in the 

Fig. 1B. 

Table 1: Details of 10 representative IMPs displayed in this 

work. 

 

Spectral 

profile name 

Name of 

IMPs 

(Braden et 

al., 2014) 

Length (m) 

(Braden et 

al., 2014) 

1a Unnamed 150 

2a Cauchy-5 3000 

3a Maskelyane 3000 

4a Jansen-1 600 

5a, 5b Unnamed 350 

6a, 6b Unnamed 250 

7a Ross-E-1 1200 

8c, 8f, 8h Unnamed 350 

9a Unnamed 270 

10f, 10g, 10h Sosigenes 5000 

 

Conclusion: Mare Tranquillitatis is one the oldest 

mare basin of the Moon, but it has preserved more than 50 

% of the total IMPs present on the Moon. This indicates 

that this study area remained volcanically active for the 

longest period compared to all the other mare of the Moon. 

Composition of the IMPs shows olivine, spinel and/or 

chromite mineral mixture, which is significantly different 

from the underlying older basaltic mineralogy. This 

indicates possible different source region for the origin of 

these recent volcanic features of the Moon. 
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