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Generation of terrestrial analogy for retrieving Aeolian features  through backscatter analysis 

of  SAR data  for interplanetary study of  Earth ,Mars and Venus  

Abhishek1 Singh Sengar, Riddhish Soni2  ,Prashant Dwivedi 3  

 

1Assistant Professor, Computer Science Division, Maharana Pratap Group of Institutions 
2CSSTEAP Researcher, Geosciences Department, Indian Institute of Remote Sensing, Dehradun, 

ISRO 
3 Btech IVth year ,Computer Science Division, Maharana Pratap Group of Institutions 

 
1Email:abhisheksinghsengar@mpgi.edu.in 

2Email: rcsoni93@gmail.com 
3Email:prashantdiwedi@mpgi.edu.in 

 
Interplanetry Dune  fields are  always been a epicenter for geologist of current era of planetary scince . Ample of data is 

present to study over these planetary bodies   SAR back scatter has always proven its importance as a parameter of sensing 

the geomorphological feature such as sand dunes. SAR sensitivity to changes in surface roughness, is found very useful in 

mapping dune forms [1]. Generally, signature of Dunes is dark in radar imagery, which indicates smooth surfaces and 

signal absorbing materials, just because of certain incidence angles, sand dune surfaces may reflect the radar signal which 

leads to a bright reflectance [2]. Despite the range of atmospheric pressures, composition and gravity, many of the dune 

forms on extraterrestrial surfaces are similar to those on Earth, although some have notable differences in bedform scale 

and composition. [3]. The power of Dipole sensitivity and least attenuation quality due to climatic events proves it 

beneficial for planetary studies as well.  The Aeolian Activity also has been described in many other planetery bodylike 

mars, moon Titan etc. NASA’s Magellan Venus Radar Mapper orbiter carries a 12-cm-wavelength, multimode radar 

system with resolution of better than 300 m, and it approaches 120 m over more than half the planet [4]. Which provides 

the vertical accuracy of better than 50 m in altimeter mode which is averaged over a surface resolution cell approximately 

10 km in diameter while its surface relief is not too extreme. SAR with Polarimetric and multi wavelength capabilities has 

proved most successful parameter in case of different Polarimetric bands combinations for geomorphological applications 

like sand dunes mapping. Its ability to control illumination parameters such as look angle, wavelength, and polarization 

makes it huge advantage over Aeolian structures like sand dunes and wind streaks. Moreover, SAR sensitivity to changes 

in surface roughness, is found very useful in mapping dune forms [5]. The current study is focused towards the Olympia 

Undae erg region on Mars and Aglaonice dune field (now known as Menat Undae) is located at 25°S, 340°E, covering ~1290 km2 , 

and the Fortuna-Meshkenet dune field (Al-Uzza Undae), located at 67°N, 91°E, covering ~17,120 km2 in a valley between Ishtar Terra 

and Meshkenet Tessera (Greeley et al., 1992a, 1997). region in Venus [7].The MARSIS Subsurface Sounding Radar/Altimeter 

primary objective is to map the distribution of water and ice in the upper portions of the Martian crust. The instrument 

analyzes reflections of radio waves in the upper 2-3 km of Martian crust to reveal the subsurface structure.The full 

morphological studies of these planetary objects may open the doors of origin of universe and these planets too. 
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Post-impact mechanisms on the moon lead to morphological and topographical modifications in 

pristine craters. These modifications may include crater floors exhibiting fracture patterns or 

upliftments centred in or around the central peak. Both of these deformations hint towards endogenic 

processes transpiring in the lunar interior. We test magma intrusion as a possible explication for such 

modifications in this work. A comprehensive study of crater floor upliftment by magma intrusion at 

depth below the crater was done by Michaut (2014)[1]. One marked aspect of this work was a criterion 

to delineate convex/flat crater floor profile which stated 4Λ ≥ 𝑅 as a necessary condition for a crater 

to have convex floor type of upliftment and 4Λ ≪ 𝑅 for plate or flat floor type of upliftment, where Λ 

is the flexural parameter and R is the crater diameter. Our work estimated this flexural parameter using 

the methodology as given in Michaut(2014)[2] and Gilbert’s model(Johnson and Pollard,1972[3]) for 

a crater located near the south pole region to establish a relationship between flexural parameter and 

specific intrusional characteristics. The Lunar south pole is an exciting location because of the 

occurrence of water ice and volatiles in permanently shadowed regions(PSRs). One such crater 

considered for our study is the Amundsen crater which is explored for possible floor uplift with PSR. 

As an extension of our work, we adopt an integrated analysis of Michaut’s criterion, the study of 

Amundsen crater topography and morphology to understand the source of this water ice and volatiles 

in the PSR region of this crater. 
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There is no perfect analogue to Mars on the Earth. However, comparative planetology helps us to 

compare the physical processes and features occurring on Earth and can make direct comparison to 

many those occurring in the neighboring terrestrial planets. The basaltic surface on Mars may not 

exactly look alike or mimic as on Earth, but similar mechanisms might have existed and can be 

compared with terrestrial hotspot basalts like Deccan Continental Flood Basalt (CFB). However, 

differences exist as Mars does not support the ongoing plate tectonics unlike Earth, therefore, long-

lived, static plumes are more common on Mars, whereas the hot spot volcanism on Earth is generally 

found age-progressive. A few of the terrestrial examples have been studied to understand model-based 

impact-induced hydrothermally formation of phyllosilicates on Mars [1], spectral analyses of Deccan 

bole beds [2] and sulphate alteration in Deccan basaltic terrain [3]. However, the comparison of the 

weathering profile of Deccan CFB with the Martian geologic context remains elusive and needs to be 

understood.  

Global spectroscopic surveys through remote sensing and in situ analyses by ongoing rover 

missions discover a wide variety of secondary minerals and are being widespread on Martian surface 

subsurface. In fact, sites with abundant secondary, hydrous minerals were one of the key criteria for 

the selection of landing sites for the ongoing Mars rovers "Curiosity" (MSL) and "Perseverance" (Mars 

2020). Moreover, based on geomorphology and associated secondary minerals, the possibility of liquid 

water flow on Martian surface also can't be fully negated. The secondary minerals detected so far using 

remote sensing spectroscopic techniques are mostly common in relatively older Noachian in age. 

The Deccan Traps basalt of India is an important example of a CFB province, which covers an area 

of 1.5 million km² over western India [4]. Phyllosilicate, especially the Fe-Mg smectite, is the major 

secondary mineral produced under temperate and humid conditions of Deccan basalt. The basaltic 

weathering trends are prominent and follow the similar terrestrial weathering trend, The unweathered 

basalts fall close to the feldspar line in the CNKM half of the diagram [5]. The chemical leaching of 

the elements ultimately allowed to produce the chemical stratification of the weathering profile. for 

example, smectite-rich stratum capped by Al-rich phyllosilicate. This is due to the effect of in situ 

weathering and top-down leaching (pedogenesis).  

The presence of Phyllosilicate on Mars is suggested for warmer and wetter early Mars The 

formation mechanism of phyllosilicate on Mars may be comparable with basaltic weathering profile 

on Earth One of major unresolved questions remains could this ancient clay mineral have been a 

component of the material formed early in the life of the Solar System. 

References: References: [1] Schwenzer, S.P. and Kring, D.A. (2013) Icarus, 226, 487–496. [2] 

Craig P. et al. (2017) PSS, 135, 55-63. [3] Bhattacharya S. et al. (2016) JGR Planets, 121(3), 402-431. 

[4] Bakshi A. K. (1994) EPSL, 121(1-2), 43-56. [5] Nesbitt H. W. and Wilson R.E. (1992) Am. J. Sci., 

292(10), 740–777. 
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Impact of Spectral Mixture in Mineral identification on Tharsis region, Mars using CRISM 

datasets  
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Abstract:  

Spectral mixing is an inherent property in satellite imagery of a heterogeneous surface due to the 

variation of spectral and spatial resolutions. The mixing affects the quality and quantity of geological 

information derived from the satellite image. To deconvolve the mixed spectra and retrieve the spectral 

information, mainly two models are used: (i) Linear Mixing Models (LMM) and (ii) Nonlinear Mixing 

Models (NLMM). Due to volumetric scattering, nonlinear mixing predominates over linear mixing in 

VNIR [1]. In the present study, we used CRISM datasets to analyse mineralogy in the Tharsis region 

of Mars and examined the impact of spectral mixtures in mineral identification. The mineralogy of the 

Tharsis region needs to be evaluated as mixtures of minerals rather than any particular isolated mafic 

minerals such as pyroxenes or olivine. Therefore, we have used NLMM proposed by [2] for nonlinear 

spectral analysis using MICA CRISM spectral library. The Hapke NLMM [2] provides an equation 

that relates the interaction of light with materials composed of a densely packed particulate medium, 

bidirectional reflectance r,  

𝑟(µ, 𝜇0, 𝑔) =
𝑤𝜇0

4𝜋(𝜇0 + 𝜇)
∗ [(1 + 𝐵(𝑔))𝑝(𝑔) + 𝐻(𝑤, 𝜇0)𝐻(𝑤, 𝜇) − 1] … … . (1) 

To investigate the impact of mixed spectra, we have mixed the Fe-Mg Smectite, Illite, Serpentine and 

Talc with varying fractional abundance (10-30%) in the mixed mineral spectra, similar to the basalt’s 

minerals composition [3]. Further, the mixed spectra were compared with CRISM extracted spectra. 

According to the results of this study, many of the extracted spectra are likely to be combinations of 

various minerals. The obtained spectra from the Amazonian aged Tharsis Montes exhibit mixed 

spectra with shallower diagnostic absorption bands around 1.9 µm and between 2.1-2.4 µm, indicating 

alteration of the mafic minerals in this region. The study suggested that shallower diagnostic absorption 

features in spectra indicate specific minerals with low fractional abundance. Hence, the spectral 

mixture could affect the mineral identification on the Martian surface. Therefore, to identify surface 

mineralogy using remote sensing, it is important to consider the spectra of mixed minerals and their 

nonlinearities rather than any single mineral spectrum. 

References:  

[1] Keshava, N., and Mustard, J. F., 2002. Spectral unmixing. IEEE Signal Proc. Mag. 19-1, 44-57.[2] 
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INDIAN PLANETARY SCIENCE CONFERENCE (IPSC-2022) 

Page | 5  

Go to Index 

Some new insights into the characteristic features of the V2 layer in the Venus ionosphere 

using one-dimensional photochemical model and VeRa observations 
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1Space Physics Laboratory, VSSC, ISRO Post, Trivandrum, 695022 
* E-mail: ambilisadasivan@gmail.com  

 

 

The Characteristic features of V2 layer in the Venus ionosphere have been studied using an in-

house developed one-dimensional photochemical model (1D-PCM) and observations from Venus 

Express radio science experiments (VeRa). Analysis was done for dayside Venus ionosphere covering 

Solar Zenith Angle (SZA) less than 850. 1D-PCM was simulated for four different combinations of 

neutrals density (VTS-3, & VenusGRAM), and solar flux (SOLAR2000, & SEE) model/observations. 

A detailed analysis shows that in most of the cases, the hmV2 (height of the V2 layer plasma density) 

is better reproduced in VTS3-SEE and VTS3-S2K pairs. It shows that VTS3 neutral density model is 

a better representative of the Venusian atmosphere. The nmV2 (peak plasma density of the V2 layer) 

was always high when SEE data was used for solar fluxes. The model deviated largely for SZA 

between 650 and 850. It could be due to variations in the neutral density at high SZA where the 

temperature is low compared to neutral density model predictions. There were some episodic cases 

when all four sets of simulations deviated significantly from observations. The comparison of those 

cases with the Transplanet model shows that on these days something else was happening other than 

the photochemical reactions. Sensitivity analysis was done for all the model input parameters, namely 

neutral density, solar flux, neutral, ion, and electron temperatures. Results suggest that hmV2 was 

sensitive to the neutral density while the electron density was affected more by the solar flux and 

neutral/electron temperatures. The ion temperature plays an insignificant role in plasma production 

below 160 km. The detailed statistics also show that 1 to 2 km deviations in hmV2 between model and 

observations could be due to uncertainty in the neutral density model itself. 
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Non-mare perspective of mare basalt generation 
Amit Basu Sarbadhikari1 and Yash Srivastava1,2 
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Apollo, Luna as well as recent Chang’E sample collection missions have provided an 

invaluable understanding of the Moon. In addition to the returned samples, lunar meteorites, as the 

complimentary natural samples, have provided great additional insights into the magmatic evolution 

of the Moon [1-3]. Among all of the lunar meteorites (over ~150), there are nearly 15 unbrecciated 

mare basalts. These lunar basalt meteorites offer an extended means to understand the petrogenesis of 

mare basalts as they are likely to come from regions that have not been previously sampled [4]. 

It is generally considered that the partial melting in the mare basalt source region was facilitated 

by the mixing of KREEP components [5]. Also, the prolonged volcanism in the PKT region was 

thought to be driven by the high abundance of the radiogenic heat-producing element from these 

KREEP-rich materials [6,7]. This study highlights some of the important lunar meteorites that show a 

lack of the KREEP component. Further, we compare our new results of the non-KREEP mare basalts 

to calculate the average mantle potential temperature for the ancient Moon. 
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Formation of 3-Pyrroline (C3H6NH) in the Interstellar Medium 

 

A. Pandey,1 A. Pathak,1 and K. A. P. Singh1 

 

1Department of Physics, Institute of Science, Banaras Hindu University, Varanasi, India 

 

 

Complex organic molecules (COMs) are thought to form on icy dust grains in the earliest phase of star 

formation. Interstellar detection of the straight-chain (n-propyl cyanide, n−C3H7CN) and branched-

chain (i-propyl cyanide, i−C3H7CN) molecules toward the star-forming region, Sgr B2(N2) has 

attracted attention to study the formation mechanism of COMs [1]. The first detection of COM strongly 

hints the existence of other linear and ring-shaped molecules, which are prebiotic and building block 

of proteins.  

Through computational methods, we suggest new possible formation and destruction pathways of 

branched aliphatic molecule to aromatic compounds in space. We computed binding energy, enthalpies 

of formation  of several species. We also calculate the kinetic data of reactions and other spectroscopic 

information in order to understand the chemical evolution and formation of aromatic compounds to be 

present in the Interstellar medium (ISM). 
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Chemical diffusion involving unshocked quartz crystals in Lonar impact melt rock at 1400°C 

for different run durations in a reducing environment to better constrain the shock 

transformation of quartz         coesite 

Anuj Kumar Singh1, Anukriti Anand1, Jayanta Kumar Pati1,2,*, Mrigank Mauli Dwivedi2, 

Mohammad Zahbi1, Abhishek Kumar Rai1, Shivanshu Dwivedi1 
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The elemental diffusion is a fundamental crystallo-chemical phenomenon observed in natural 

mineral-rock systems under varied thermodynamic conditions observed in terrestrial as well as 

extraterrestrial planetary environments. The reported occurrence of coesite, a high pressure polymorph 

of quartz (SiO2), in the basaltic impactite from the Lonar crater, India [1] has shown that the high 

pressure (~20 GPa) phase developed from an amygdaloidal quartz due to shock metamorphism. 

However, the study did not investigate the chemistry of quartz due to the effect of elemental diffusion 

at elevated temperature [2] from the basaltic glass during the shock event. The present high temperature 

experimental study was designed using an impact melt sample from the Lonar structure and natural 

transparent quartz crystals collected from druses of basaltic rocks of the Deccan Trap. Altogether six 

experiments were conducted at 1400°C for variable run durations under IW (iron-wustite) buffer 

condition [3]. The run products were polished, carbon-coated and analysed using multiple chemical 

profiles with the help of a JEOL JXA Superprobe (NCEMP, University of Allahabad). The effect of 

chemical diffusion could be observed in the BSE-compositional images by the distinctive change in 

tonal contrast across the profile between basaltic melt and quartz (Fig. 1). The variation in elemental 

concentrations was also noted for different elements (Si, Al, Ti, Mg, Ca, Fe, Na and K) across the 

profile for varied run durations. The evidence of degassing in the form of abundance of vesicles was 

noted due to the drop in viscosity at high temperature. Multiple curvilinear cracks in quartz crystal, 

similar to those observed in mineral clasts of impact melt breccia samples of Lonar and Dhala impact 

structures, were observed (Fig. 1a). 

            

Figure 1.1 (a) The back scattered electron (BSE)-compositional image of the experimental run 

product. Quartz- Dark grey colour; Basalt impact melt- Light grey colour. (b) An arbitrary red line 

across the zone of diffusion along which the elemental spectra for different elements have been 

recorded.  

References: [1] Jaret S. J. et al. (2016) MAPS, 52(1), 147-163. [2] Rottier B. et al. (2017) Contrib. 

Mineral. Petrol., 172(23), 1-20. [3] Anand A. (2019) M.Sc. Dissertation Thesis, 32p. (Unpublished). 
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Shock Processing of Organometallic Dust - Ferrocene   
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Several organic molecules have been detected in various regions of the Interstellar Medium (ISM) 

and also on several solar system bodies likes comets, planets, planetary satellites, asteroids, etc. [1]. 

Collision of such organic molecules with heavy elements like Iron (Fe) in in the ISM can lead to the 

formation of coordination compounds like organometallic molecules. Organometallic molecules have 

been considered an important component of interstellar dust and cometary dust [2]. Recently 

cyclopentadiene (C5H6) has been detected in dark molecular cloud TMC-1 [3] and, Iron and 

cyclopentadiene are known to react in the gas phase to form ferrocene [4]. Ferrocene plays a significant 

role in terrestrial chemistry, starting from coordination chemistry to polymer science [5] but the 

processing of ferrocene by energetic processes of ISM are least explored. 

 Dust in the ISM is processed by various energetic sources like UV, ions, electrons, and shock 

waves [6]. In this work, we have explored low-velocity (1- 2 km s-1) shock processing of ferrocene as 

a possible organometallic cosmic dust analog. These low-velocity shock waves are known to 

chemically enrich their propagating medium by thermally processing the molecules present there. A 

high-intensity shock tube was used to mimic the conditions in ISM shocks. The precursor ferrocene in 

powder form was exposed to the shock waves of ~ 5.6 M for 2 ms and reflected shock temperatures 

up to ~7000 K. Post shock, the solid residues were collected and investigated using Raman 

spectroscopy, High Resolution-Transmission Electron Microscope (HR-TEM) and X-Ray Diffraction 

(XRD). In this meeting, we will discuss some of the initial results obtained from this experiment and 

its implications to the chemistry in ISM.   

References: [1] Kwok, Sun.(2011) John Wiley & Sons. [2] Serra, G. et al. (1992) Astronomy and 

Astrophysics, 260. [3] J.  Cernicharo, et al. (2021) A&A 649 L15. [4] McKee, M.L. (1992) The Journal 

of Physical Chemistry. [5] Heinze, Katja, andHeinrich Lang Organometallics 32.20 (2013): 5623-

5625.  [6] Jones, A. P., A. G. G. M. Tielens, and D. J. Hollenbach. The Astrophysical Journal 469 

(1996): 740. 
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Exploring initial properties and evolution pathways of close-in 

exoplanets driven by photoevaporation 

 
Bihan Banerjee 

Tata Institute of Fundamental Research, Mumbai 

 
In this work, we have explored the possible initial conditions and evolution pathways of close-

in (orbital period < 100 days) low mass exoplanets (mass < 20 M⊕) driven by 

photoevaporation, which shapes the observed distribution today. We have drawn core mass 

and atmospheric fraction from some initial distributions and have forward modelled a sample 

of 5000  planets upto 5 Gyr. We then computed the occurrence rates in the radius-period 

plane and compared that with the observed ones. We find that while the atmospheric fraction 

distribution is strongly constrained, the core size distribution is not as well constrained by this 

method.  On the other hand, we have successfully reproduced the observed evaporation 

valley between super-Earths and sub-Neptunes in the radius-period plane, and the observed 

mass radius relationship. We further find  that effects of photoevaporation begin to show at 

Myr timescale, and the slope and intercept of the evaporation valley change significantly with 

time. According to our model, planets are  very fluffy initially with a bloated tenuous envelope. 

Majority of them lose their envelopes by photoevaporation and become bare rocky cores; 

those which  retain a significant fraction of their envelopes become sub-Neptunes.  
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Image Based Studies on The Lava Tubes and The Associated Features of the 

Pavonis Mons Region, Mars 

 
Brindha Shankar and Sanjeevi Shanmugam 

Remote Sensing Unit, Department of Geology, Anna University, Chennai, INDIA 
sanjeevigeo@gmail.com and gmsbrindha@gmail.com  

Abstract. Earth contains fewer Lava Tubes than Mars and such terrestrial tubes contain several new micro-organisms and mineral 

deposits. Scientists researching on life in Mars can reconstruct these lava tubes as their laboratory. This paper presents the observations 

and inferences from MRO (Mars Reconnaissance Orbiter), MOLA (Mars Orbiter Laser Altimeter), THEMIS imagery and DEM based 

studies carried in the Pavonis Mons region, Mars. The steps followed include: Image interpretation; density slicing; generation of 

topographic profiles; estimating the metrics of the tubes; classification of lava tubes based on thermal properties; and generation of 

lineament maps to analyse structural control. 

Based on the scatter plot of the day time versus night time DN values (emissivity), the lava tubes were categorised as: Category 1: Tubes 

with high temperature during the day and night; Category 2: Tubes with high day-time and moderate night-time temperature; Category 

3: Tubes with high to moderate day time temperature and low night time temperature; Category 4: Tubes with moderate day time and 

night time temperatures; and Category 5: Tubes with low to moderate day and night time temperatures. Most of the lineaments in the 

southern part of Pavonis Mons are oriented between N33°E and N90°E, thus indicating that these lava tubes are structurally controlled. 

However, it is also observed that not all the lava tubes in the region are structurally controlled. 

This study has provided a basis for the future exploration for sites suited for the growth of micro-organisms in Mars. 

Keywords: Lava Tubes, Pavonis Mons, MRO, THEMIS, Structural Control. 

Introduction  

In the modern world, everyone is searching for the existence of life on other planets, some scientists 

have theorized that there is possibility of life on Mars. Because Mars is our neighbouring planet 

which lies between the habitable zone and there would be a chance of existence of new life. And the 

main factors of the Earth and Mars have some similarities in their physical characters. These two 

planets have volcanoes which indicate both are tectonically active in their histories. Volcanic 

eruptions are on both Mars and Earth yield lava tubes. Although Martian Volcanoes are currently 

classified as Dormant, lava tubes which were formed in its ancient history as a result of lava flow 

from active volcanoes. Lava tubes run several meters below the surfaces and can leave long, empty 

tunnels that almost appear to be manmade. The lengths of lava tubes on Earth vary from a few 

meters up to tens of kilometres (Bunnell, 2008).  

Various works carried out from different parts of the world in the field of exploration of MARS, its 

tectonism, geomorphology, origin, mineralization and the use of remote sensing, image processing 

include those by Andrew Daga (2013), Crown et al (2019) Sauro et al (2018), Cushing et al (2015), 

Thangavelautham et al (2019) and Bleacher et al (2011). 

A review of these literature helped to gain a better understanding of the study area (Pavonis Mons) 

and has provided an insight into the lava tubes and process of formation of lava tubes in both Earth 

and Mars. 

The Objectives of this study are: (i) To study the image characteristics of lava tubes and the 

associated features of Mars; (ii) To map the lava tubes; (iii) To examine the relationship between the 

lava tubes and the associated features of Mars; and (iv) Comparative studies of the lava tubes in 

Earth and Mars. 

Study Area and Methodology 

The study area of the project is Pavonis Mons which is located in the Tharsis Region on Mars. It 

covers 25% of the area on the planet. It is also known as Tharsis bulge. Tharsis region is covered 

with four shield volcanoes. This region lies in the hotspot, which is similar to Hawaii island on Earth. 
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Pavonis Mons is named as “Peacock Mountain and it is an extinct shield volcano which is located in 

the 1.48 N and 247.04 E (112.96 W) in the Tharsis. It is located in the middle of a chain of three 

shield volcanoes in the Tharsis Montes. Pavonis mons was first discovered by the Mariner 9 

spacecraft in 1971 and earlier it was originally called as “Middle Spot”. Later it was officially named 

as Pavonis Mons in 1973. 

                                

 

Fig 1: Study area map (Pavonis Mons)  

The methods used in this project includes mapping of the lava tubes using satellite images, 

measuring the geographic orientations of the ridges to determine any preferred orientations, and 

deriving the topographic profiles of lava tube from digital elevation models (DEMs); to measure the 

dimensions of the lava tube and classification of the lava tubes based on the thermal inertia 

properties of rocks using THEMIS day and night image data. The lava tube and lineament maps were 

prepared to know whether the lava tubes are structurally controlled or not. 

Results 

We characterized the lava tubes using the interpretation keys. In the entire Pavonis Mons region, 

there are 115 lava tubes. From the density slicing and the spatial profiling from DEM data, some of 

the linear & mound-like structures were observed in the southern part of Pavonis mons which can be 

inferred as lava tubes. To find whether that is lava tube surface expression or not, used the Thermal 

inertia property 

 With the help of interpretation key, the lava tubes mapped in the THEMIS IR Day and Night data to 

promote more accuracy. They are categorized as:(1) has high temperature during day and night time 

because it has high heat retaining capacity;(2) has high day-time and moderate night-time 

temperature because it absorbs more during the day and moderate heat retaining capacity at night;(3) 

has high to moderate day time temperature and low night time because it absorbs high to moderate 

day time temperature and has very low heat retaining capacity;(4)has moderate day and night time 

temperature because it has moderate heat retaining capacity in both day and night time; and (5) has 

low to moderate day and night time temperature because it has low heat retaining capacity. The 

Lineament map and the Rose diagram of the lava tube has shown that not all the lava tubes are 

structurally controlled but some are structurally controlled. And it also provides the information 

about the structure and tectonic activity around the volcano. 

 

Discussion  
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       In comparing the lava tubes on the Earth and Mars, Earth's lava tubes were relatively short and 

thin, whereas Mars had long and wide lava tubes due to thin atmosphere. The Martian and Earth lava 

tubes differs in their size, by a scale of about 10:1 according to the lengths, and a much greater scale 

of about 100:1 in widths. Earth's lava tubes were found from composite volcanoes which have less 

lava flow and more debris/ash; and Mars lava tube was found from shield volcanoes that had slow, 

steady, and continuous lava flow. They are generally longer because Mars has a thin atmosphere 

which causes the lava to be cooled by radiation, which is a slower process than Earth’s convection 

because of its thick atmosphere cooling the lava faster and making the tubes shorter. Also, the speed 

of cooling affects their physical appearance in the factors other than size, since a slower speed of 

cooling generally brings about the smoother well-formed tubes rather than the relatively rough and 

possibly collapsed sections that result from rapid cooling. 

Conclusion 

This study has documented the presence and characteristics of the lava tubes in the Pavonis 

Mons region, Mars. Now a days, the scientist searching for the life in Mars. For that the lava tubes 

are one of the main sources for the future exploration. The lava tubes have the high chances to grow 

microorganisms (new life) and in future space scientist who going to search for life in the MARS can 

reconstruct these lava tubes as their laboratory and it also helpful to identify exact position to land 

rovers (which are going to look for life forms) in the MARS. Studying inside of these lava tubes 

could reveal what volcanic activity was like on the Mars and when it occurred. This research helps to 

understand about the interior composition of these planetary bodies. In the last two decades, several 

scientists have proposed mission scenarios to access the lava tube entrances to verify the presence of 

subsurface caves. 
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An efficient DDS-based signal generator for permittivity experiments for space missions 

Chandan Kumar1*, K Durga Prasad1, Sanjeev Kumar Mishra1, Kalyan Reddy1, Janmejay Kumar1 

1Physical Research Laboratory, Ahmedabad 

 
*Corresponding Author E-mail: Chandan Kumar 

 

 

Permittivity measurements help in determining the electrical properties of its environment 

with high accuracy. These measurements on a Rover can identify lateral inhomogeneities and layer 

boundaries along its path. These electrical properties of a material are determined by measuring the 

sample impedance in a vacuum and then in the medium. The standard technique of Weiner-array of 

pairs of transmitters and receivers. The transmitters and receivers penetrate the planetary surface, and 

signals with variable sine/cosine frequencies are transmitted to excitation of the surface, and 

amplitudes are used to excite it. The received signal is measured, and the resulting phase shift in the 

signal and amplitude is calculated to decipher further science results. 

 

We propose using a Digital Direct Synthesis (DDS) novel technique for signal generation for the 

experiment. The DDS range of excitation is 0.1Hz to 10MHz with amplitudes ranging from 10mV to 

12 V. The DDS based Front-end is programmed using an FPGA which gives us the capability to change 

the frequency of the signal in the orders of 100mHz using Look Up Tables (LUTs) and also change in 

coarser ranges of 10KHz. This programmability is also achieved in the amplitude of the DDS. We 

have developed the Proof of concept version of the signal generator. The development of DDS and 

some testing results will be presented at the conference. 
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New Science from recent Lunar Missions 

Debabrata Banerjee 
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As a series of landers, rovers and orbiters arrive on the Moon or are under planning by various 

international space agencies, this presentation will outline new perspectives of lunar exploration. 

Radioisotope dating of basaltic samples returned by Apollo and Luna missions have revealed that 

basaltic magmatism occurred on the Moon between ~4.4 Ga and ~2.9 Ga. However relative ages 

estimated using crater-counting chronology suggests that volcanism may have continued till 1.2 Ga. 

Recently, Pb-Pb ages of ~2 Ga have been reported for basalt fragments returned by the Change-5 

mission providing confirmation for the first time that lunar volcanism continued at least until 2 Ga.  

This ~2 billion-year age reported for lunar basalts returned by Change-5 implies that the impact flux 

rate may have been lower than previous estimates based on youngest Apollo and Luna basalts, but 

requires confirmation from additional studies. Additional radiometric ages are necessary from future 

missions to confirm this finding and to provide calibration points for ages determined using crater 

counting. Further, the µ value (238U/204Pb) of the source of the melt which formed the basalt was 

observed to be ~670-680 and is indicative of a KREEP-poor source. This suggests that the idea of 

KREEP-induced heating for producing young lunar magmas requires investigation or other novel 

mechanisms require to be proposed. Water abundances measured in returned samples suggest a range 

between 0.3–200 µg g-1 for the mantle source region. However, a maximum mantle water abundance 

of 1-5 µg g-1 has been derived from measurements of water abundances of apatite and ilmenite 

inclusions from Change-5 basalts, implying that the mantle source of these basalts had become 

dehydrated around 2 billion years ago. Further studies will indicate whether the derived water 

abundances of mantle source regions of lunar basalts imply a heterogeneous distribution of water in 

interior of the Moon. 

 

1. Voosen, P., Science, 2021, 373, 1188-1192. 

2. Bhandari, N., Current Science, 2002, 83, 377-393. 

3. Li, Qiu-Ll et al., Nature, 2021, 600, 54-58. 

4. Che et al., Science, 2021, 374, 887-890. 

5. Hu Sen et al., Nature, 2021, 600, 49-53. 

6. Tian, Heng-Ci et al., Nature, 2021, 600, 59-63. 
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Compositional diversity of Mare Humorum: Insights into the pyroxene chemistry 
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Abstract: Pyroxene is one of the best-suited minerals for remote geochemical study [1]. The 

composition of mare units can help to understand the petrogenetic evolution in the Humorum basin. 

The mineral chemistry of pyroxene is reported [2], but the spatial distribution of the compositional 

variability and the corresponding pyroxene chemistry is lacking. Thus, in this study, we have focused 

on the derivation of spectral parameters using Mineralogy Mapper (M3) data of the Chandrayaan-1 

mission. The set of spectral parameters that exhibit diagnostic features are used, namely band center 

which corresponds to the wavelength of the maximum absorption due to the presence of transition 

metal ions in specific crystallographic sites of mafic minerals [3]. Other parameters like integrated 

band depth (IBD) at 1 and 2 µm IBD1 and IBD2, band area ratio (BAR), are also calculated. Figure 

1(a) represents the false-color composite (FCC) of spectral parameters, with band center II (BC2) as a 

red channel, band center I (BC1) as a green channel, and integrated band depth ratio (IBDR) as a blue 

channel. Spectral units labeled from 1 to 7 have been identified based on the spectral information, and 

correspondingly their representative spectra from each unit are collected to identify their composition 

(Figure1 (b)). Preliminary observation shows that unit 7 is dark green in color which indicates longer 

absorption band centers at 1 µm. Unit 1 and 2 show a mixture of both high BC1 and BC2 compared to 

the adjacent areas unit 3 to unit 6 with high BC2 only. This observation is also confirmed from the 

IBD2 values which indicate the increase in trend of Fe2+values from units 1 to 6. The variation of 

calcium and iron content is prominent among the units. Thus, the overall composition of the basin 

shows a chemical trend of less calcic to sub-calcic pyroxene from units 1 to 4 and finally shifting 

towards more calcic-ferrous rich pyroxene from units 4 to 6.  

 

 
 

Figure 1: (a) RGB composite with BC1 as a red band, BC2 as a green band, and IBDR as a blue band 

of the Humorum basin with units marked from 1 to 7. (b) Representative spectra from the units. 

 

References: [1] Klima, Rachel L., Carlé M. Pieters, and M. Darby Dyar (2007) Meteoritics & 

Planetary Science 42.2: 235-253. [2] Thesniya, P. M., and V. J. Rajesh (2020) Planetary and Space 

Science 193: 105093.[3] Cloutis, E.A., Gaffey, M.J., 1991 J. Geophys. Res.: Plan 96 (E5),22809–

22826. 
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Astrobiological potential of Fe/Mg smectites in Jezero crater, Mars 2020 landing site 
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Abstract 

NASA’s Mars 2020 Perseverance rover landed in Jezero crater (18.38°N, 77.58°E) on February 18, 

2021. The prime objective of the Perseverance rover mission is to explore signs of ancient life in Jezero 

and gather samples of rock and regolith for possible return to Earth in a future mission. In this context, 

this study is designed to understand the astrobiological potential of Fe/Mg smectites, remotely detected 

in close proximity to fluvio-lacustrine features within the Jezero. We proceeded with understanding 

the basic structure of smectites and the factors that influence the usage of iron, which acts as an electron 

donor as well as acceptor. This was followed by exploration of different microbial metabolic processes 

associated with Fe/Mg smectites. Further, we studied various settings including lacustrine basins 

impact craters, sub-surface, etc. where fossils preserved within Fe/Mg clays have been reported. This 

included examination of the environmental conditions during the formation of the smectites and 

identification of the type of microorganisms that are/were present there.  

Subsequently, we discussed the different types of biosignatures that can be expected within the Jezero 

with respect to the biological payloads on board the rover. We conclude with suggesting locations of 

ideal sampling materials (freshly fallen boulders) within and outside (close to the inlet channels 

feeding the crater) the Jezero by addressing the factors which degrade the organic molecules and 

drawing comparisons from Gale crater. Although discerning the origin of organics is challenging, the 

findings of Scanning Habitable Environments with Raman and Luminescence for Organics and 

Chemicals (SHERLOC) can be complemented with PIXL’s (Planetary Instrument for X-ray 

Lithochemistry) for more effective analysis and better cache sampling for return mission. At the outset, 

we require a combination of experiments and observations to maximize the efficiency of the in situ 

investigations and returned samples to shed more light on relationships between the mineralogical 

units exposed at Jezero, their origin and their astrobiological potential to ultimately address whether 

life ever existed on Mars. 

Keywords: Fe/Mg smectites, Jezero, Perseverance, biosignature, astrobiology 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:deeps301090@gmail.com


INDIAN PLANETARY SCIENCE CONFERENCE (IPSC-2022) 

Page | 18  

Go to Index 

Understanding the erosional regimes of the valley networks in the Thaumasia highland and 

surrounding areas on Mars 
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Extensive erosional features, like valley networks, have been investigated in a global context including 

the Thaumasia highland and adjacent regions [1]. These valley networks are the evidence of the 

sustainable liquid water in the early Martian time, mostly confined to the late-Noachian to early 

Hesperian epoch [2]. Considering the present and past climatic models [3], the formational process of 

these prolonged erosional features is poorly understood, and it is a subject of debate. Various 

mechanisms have been proposed to support a set of erosional processes that may lead to the formation 

of valley networks in this area [4]. This study aims to identify the agents of erosion and any evidence 

of their temporal variation, which may lead to the formation of the valley networks in this area. 

A detailed comparative study of several morphometric parameters of the valley networks from six 

different locations (located between 15˚S-37˚S and 55˚W-77˚W) was carried out. The areas were 

chosen based on the presence of the close association of valleys, their drainage patterns, and their 

geologic context. A set of higher resolution data sets such as CTX and HRSC DTM has been used for 

this study. The geological map for the Thaumasia region [5] was used to mark the geological age 

boundaries, and it has also been used to mark the channel ages. Morphometric parameters are derived 

that are grouped into geomorphometric (namely, presence of ice-related features in/around a valley, 

presence of anastomosing pattern and alluvial fan), drainage morphometric (for example, stream order, 

stream length, sinuosity), and basin morphometric (for example, bifurcation ratio and drainage density) 

parameters. 

Fluvial erosional features such as alluvial fan-like features and anastomosing patterns have mostly 

been seen from the lower latitude region, whereas they are almost absent in the mid-latitude region. 

Overall, the average length of the channels increases with increasing stream order in most of the 

localities. Channels throughout the study areas show low sinuosity value, and at places, they are 

straight because of the underground geology. All of these factors indicate a fluvial erosional regime. 

On the other hand presence of ice-related erosional and depositional features such as moraine, 

concentric crater fill materials, alcove heads, gullies, pitted surfaces are common in the mid-latitude 

region, indicating a glacial erosional regime. Interestingly, one of the locations in the mid-latitude 

region does not show significant glacial signatures as compared to the nearby areas; instead, the valleys 

are wide with a broad head or terminal regions, indicating a possible groundwater sapping process. A 

general trend of an increasing number of younging valleys has been found from lower to mid-latitude 

regions, suggesting that erosional activities may have lasted till the Hesperian time. 

Preliminary observations suggest a variation in the erosional mechanism from a dominant fluvial 

erosional regime to an ice-dominated erosional regime in the lower to mid-latitude region. 

Furthermore, there could be a transition in climate from Noachian to Hesperian time. 
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Isotopic Analysis of Secondary Minerals in Muundpura Meteorite 

Dipak Kumar Panda, Shivani Baliyan, Dwijesh Ray and Anil D. Shukla. 

Physical Research laboratory, Ahmedabad 

Carbonaceous chondrites are pristine in nature and also ideal for studying the early solar system 

history. CM and CI types of Carbonaceous chondrite are chemically primitive in nature and also 

recorded the history of different secondary processes like aqueous and thermal alteration. The 

dominant secondary minerals include phyllosilicates, carbonates, sulphides, sulphates, oxides etc. 

Carbonates and Phosphates are particular of interest due to their co-occurrences. Carbonates are 

omnipresent in CM and CI chondrites and are directly precipitated from the aqueous fluids [1, 2, 3]. 

Whereas, the Phosphates are formed due to Ca's leaching and other light elements like Na, K, P, etc., 

from the dissolution of mesostasis or Fe-Ni metals [4,5]. Oxygen isotopes are useful for constraining 

the timing of secondary phase precipitation. The oxygen isotopic composition of carbonates, therefore, 

represents a valuable proxy of the isotopic evolution of the fluid phase during alteration. In particular, 

oxygen isotopic compositions are used both as a geo-thermometer and to track the degree of 

homogenization of the two dominant oxygen reservoirs present in chondrites. 

Mukunapura has been classified as a highly altered CM2 type chondrite [6]. The petrological and 

mineralogical studies show the presence of different types of carbonates (calcite and dolomite), 

phosphates, etc. occur in the matrix of Mukundpura. Carbon and oxygen isotopes studies in carbonates 

can provide useful constraints on the conditions and processes of carbonate formation. Ca-Phosphate 

in CM mainly formed as rim structure. In Mukundpura, one such Ca-Phosphate occurs adjacent to 

carbonate grains. Hence, a combined and comprehensive study of both these secondary minerals can 

be useful and provide a better insight into their formation.     

 

Reference: 

[1] Johnson C.A. and Prinz M. (1993), GCA, 57, 2843-2852.  [2] Lee M.R. et al (2014), GCA, 144, 
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Low-temperature kinetics measurements of gas-phase reactions involving aromatic molecules 
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The recent discovery of benzonitrile (C6H5-CN) in the cold molecular cloud TMC-1 marked the 

first detection of an aromatic species in the interstellar medium (ISM) by radio astronomy [1]. Since 

then, multiple cyano-substituted cyclic and aromatic species have been observed in the low-

temperature ISM. These detections have caused excitement in the astrochemistry community due to 

the potential link between small aromatic molecules, like benzene, and polycyclic aromatic 

hydrocarbons (PAHs). Benzonitrile is likely to be formed in TMC-1 through the reaction between CN 

and benzene, and therefore it is believed that benzonitrile can be used as a proxy to establish the 

abundance benzene. Reactions between other aromatic species and the CN radical are likewise 

expected to be rapid at low temperature and may facilitate more detections of other CN-substituted 

carbon rings and PAHs. However, low-temperature kinetics measurements are required to determine 

whether CN-substituted aromatics can be used as robust observational proxies in TMC-1 and other 

dense clouds. Both rate coefficients for these reactions and branching ratios into the product channels 

must be studied to appropriately input the reactions into astrochemical models and predict abundances.  

We have studied the reactions of CN with benzene and toluene, from room temperature down to 15 

K, using the well-established CRESU technique (a French acronym standing for Reaction Kinetics in 

Uniform Supersonic Flow) combined with Pulsed Laser Photolysis-Laser-Induced Fluorescence (PLP-

LIF) [2]. Both these aromatic species have been detected in the atmosphere of Titan, making their 

reactions with CN relevant for extra-terrestrial atmospheres. While CRESU PLP-LIF can be used to 

measure the rate coefficients for the overall reaction, the product-channel-specific reaction rate 

coefficients cannot be measured efficiently using this technique. I will discuss our recent progress in 

combining chirped-pulsed micro/mm-wave spectroscopy with the CRESU and how it can be used to 

measure product branching ratios for CN reactions with aromatics at low temperatures.  

References:  
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Mimicking the Moon in the Laboratory – A Paradigm Shift in In-situ Exploration 
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Over the last four decades, Planetary Science has advanced due to the availability of several remote 

and in situ observations thus providing us an insight into the geological, chemical and physical set-ups 

of astrophysical and planetary environments, in particularly the Moon. Although, mission 

instrumentation and theoretical understanding have continuously advanced, laboratory studies have 

been deferred due to various reasons, but are now the need of the time. Laboratory measurements of 

geophysical properties of lunar analogous materials in simulated environments provide key support to 

the definition of science and measurement objectives of ground-based, orbital, and lander 

observations; instrument design and calibration; mission planning; and analysis and interpretation of 

retrieved data. Due to the exotic nature of lunar environment, these investigations are unique, 

challenging, and expensive, but at the same time are of great significance. Various areas that are 

particularly dependent upon laboratory studies includes surface composition and chemistry, geology 

and geophysics, lunar interiors and several other science aspects.  

 

A chamber for mimicking the lunar surface temperatures and pressures that can be varied to represent 

both terrestrial and lunar surface environments has been indigenously designed and developed. This 

facility has unique capabilities for making systematic measurements for different geo-physical settings 

of the Moon which are otherwise not possible. No such attempt is currently being made elsewhere 

globally. On the other hand, large-scale exploration including future sample return and ISRU activities 

will also be greatly benefitted. Several experiments were carried out to demonstrate its capability. A 

series of experiments related to understanding the lunar thermophysical behavior/heat flow and also 

for interpreting the data from ChaSTE are underway. Such a facility can bring paradigm shift in 

carrying out future in- situ exploration of the Moon. Details of the facility and results from recent 

experiments and their future implications will be discussed. 
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Mineralogical Association of Mg-Spinel Lithology on the Moon: New Insights from the Ingenii-

Thomson Region 
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We present here, important new insights into the spectral character of Mg-Spinel lithology on the 

Moon based on our studies of the Ingenii-Thomson region. Currently, Mg-Spinel lithology is identified 

using multiple criteria: presence of a strong absorption band around 2-micron, absence of detectable 

1-micron band, no mafic association and, small, sporadic exposures within feldspathic terrain [1, 2, 3]. 

In this study, we report multiple evidences contrasting this known character based on our detailed 

morphological and mineralogical investigations: (i) Mg-spinel spectra exhibit a weak 1-micron band, 

and (ii) mafic minerals are found associated with the Mg-spinel deposits. These spectral and geological 

characteristics of lunar Mg-spinel deposits have been reported for the first time by our work. The Mg-

spinel exposures in the region potentially represent two spectral classes, sometimes occurring together 

while in other cases, occurring as spatially separated exposures. The first class represents typical Mg-

spinel spectral signatures (no identifiable 1-micron band). The second class however, shows weak 1-

micron band. The appearance of 1-micron band potentially indicates mafic mineral association and/or 

presence of glass. The synthesis of mineralogical data with high-resolution geologic context favours 

mafic mineral association although the contribution of glass cannot be completely ruled out.  

These findings have significant implications for improving the understanding of the petrological 

conditions and processes required for Mg-spinel formation and their influence on its spectral character, 

mineralogical and geological association. Our results provide important new insights about the spectral 

characteristics of Mg-spinel lithology and emphasize the need to potentially rethink the mineralogical 

and geological constraints used by petrologists in laboratory experiments to simulate Mg-spinel 

formation. 

References: [1] Dhingra, D. et al. (2011) GRL, 38, L11201. [2] Lal, D. (2012) J. Earth Syst. Sci. 
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Early crystallization of water in an ultrahigh vacuum and cryogenic temperatures, a condition 

relevant to astrochemistry 
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The existence of water in diverse environments, as exotic as in space, is well known1. Water ice 

exists in several amorphous as well as crystalline forms at different temperature and pressure 

conditions.2 While hexagonal ice is the most dominant form in terrestrial conditions, it exists above 

150 K under ultrahigh vacuum (UHV)3. The process of amorphous to crystalline transformation under 

UHV occurs, generally, by annealing the vapor-deposited film, amorphous solid water (ASW). The 

ASW is abundant in space, however, crystalline ice is too detected in astronomical observations. The 

ASW along with trapped volatile impurities play a crucial role in the chemistry and physics of star 

formation. Impurities/guest molecules lead to diverse phenomena in the host ice network ranging from 

hydrate formation, phase separation, diffusion, molecular volcano to varying phase behavior. These 

phenomena suggest the rich diversity that is possible during the desorption of molecules from 

multicomponent ices. 

In this talk, I will briefly elucidate the importance of the composition of volatiles e.g., acetone, 

formaldehyde, and acetonitrile on ASW crystallization. These results were obtained during the 

experiments conducted in a UHV under cryogenic conditions. All experiments were performed with a 

mixed film of 300 monolayers thickness where vapors of desired molecules were deposited at 10 K 

and warmed to 120-135 K. During the isothermal experiments, we observed the transition of ASW to 

crystalline ice at a temperature lower than its normal crystallization temperature of 150 K. While the 

emergence of cubic ice at 130 K has been reported, the occurrence of hexagonal ice at 125 K was seen 

for the first time. Results of crystallization kinetics and activation energy for the emergence of 

crystalline ice were evaluated using the Avrami equation. These results may have direct relevance to 

catalysis, cometary outbursts, and heat balance in the cometary bodies. Thermal processing of these 

molecular solids was monitored by highly surfaces sensitive techniques such as reflection absorption 

infrared spectroscopy (RAIRS), temperature-programmed desorption (TPD) mass spectrometry, and 

secondary ion mass spectrometry (SIMS).  
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Figure 2. Schematic presentation of thermal processing of ices 
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Photogeological and Spectral Characterization of Schrodinger Basin, Moon 
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Zeroing on the collective objectives of any interplanetary deep space mission, it is imperative to 

study the paleo reconstruction of the geological history of the planet, which eventually throws light on 

the evolution of our solar system. Determination of the surface stratigraphy of a planetary body is 

always intriguing as it provides sufficient understanding about the chronological events that led to the 

formation of the present landforms but at the same time equally challenging. 

Unlike conventional remote sensing methods that employ the Crater Size Frequency 

Distribution (CSFD) catering to chronostratigraphic inputs of a planetary surface, spectral response 

analysis involving imaging spectroscopy technique is employed to determine the lithostratigraphy of 

a planetary surface.  

Our study deploys a combination of sensors onboard the Lunar Reconnaissance Orbiter (LRO) 

of NASA and Chandrayaan-1 orbiter of ISRO to reveal surface photogeological properties of the 

Schrodinger Multi Ring Basin Complex, although detailed geological mapping is limited to interior of 

the Schrodinger basin and the surfaces that overlie the proximal ejecta located inside the basin rim.  

Nine geological units that collectively form three different formations are individually studied 

for their unique mineral compositions and formational processes. These three different Schrodinger 

basin formations include ( i ) basin materials including the peak ring, two generations of impact melts, 

rim and wall, and ejecta from recent large impacts onto the basin floor; ( ii ) lunar crustal floor 

materials; and ( iii ) volcanogenic materials. Large areas of exposed lunar crust are composed primarily 

of anorthite-rich material (anorthosite), low-Ca pyroxene material (a noritic unit), and olivine-rich 

material (troctolite or dunite) upto ~20km deep are exposed due to tapping by the schrodinger impact, 

with a few areas of intermediate composition on the basin floor. The melt pools and impact melts 

consist of low-Ca pyroxene rock or norite. Recent literature suggested that the peak ring contains 

olivine and crystalline plagioclase, which is interpreted to be from the upper mantle or Mg-rich crustal 

intrusions for olivine and the uppermost unit of the lunar magma for plagioclase. Post-Schrodinger 

impact craters are mapped inside the basin which consist of three large secondary craters with linear 

shapes and distinct margins; and craters which are covered with pyroclastic material. Two large craters 

upon the oriental side of Schrodinger tapped a subsurface unit consisting of plagioclase and Ca-

pyroxene gabbro highlighting distinctive mineralogical suit compared to the Schrodinger basin. This 

may have implications to crustal facies change possibly as a resultant of SPA ejecta, or possibly due 

to the original heterogeneity in the lunar crust.  

 The results have been correlated with USGS Unified Geologic Map of the Moon, 2020 for 

validation. Future missions highlighting focus on emissivity spectroscopy can help provide us more 

insights on the characterization of in-situ and external mineralogical assemblages formed as a resultant 

of impact phenomenon on the lunar surface. 
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Ilmenite is one of the most important mineral constituents of lunar rocks. Studies in the past have 

shown a direct relationship between the ilmenite content and the lunar loss tangent [1, 2]. Ilmenite 

mapping for the moon has been made available in the past through images from Clementine and 

Kaguya Multiband Imager [3, 4]. Machine learning algorithms have also been applied over the past 

decade to invert ilmenite content on the moon [5].  

In this article, the effect of variation in ilmenite content on polarimetric observables is presented. 

Polarimetric observables from both model-based and eigenvector-based decompositions are included 

in the analysis. The study has been performed using datasets acquired over sites from the Apollo 

missions. The validity of the observed relationships may be extended to the global moon surface once 

high-resolution data is made available.   
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from Von Kármán crater 
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Mineral identification and mapping of the lunar surface provide insights into the composition and 

evolution of the lunar crust. Such a study is generally carried out using inflight spectral data applying 

the existing and well established spectral parameters attributed to the spectral absorption features of 

major lunar minerals (e.g., pyroxene, plagioclase, ilmenite, olivine, spinel, etc.). However, such 

approaches are tedious and time-consuming that needs significant manual inspection. Automated 

techniques are employed to detect and map the minerals reliably and systematically fast. Therefore, an 

automated machine learning (ML) approach is applied to detect and map the surface mineralogy of the 

Moon. Von Kármán crater region is chosen as our study area because it is the exploration site of the 

Yutu-2 rover (Chang’e 4 mission) and it will allow validation of our approach. The Moon Mineralogy 

Mapper (M3) data (level-2 reflectance data) from PDS/NASA is used along with various laboratory 

spectral data of lunar and relevant analogue samples from RELAB, C-TAPE and USGS library.  

Our methodology is as follows: (i) spectral feature extraction using the PCA technique on the 

continuum removed spectral data [1], (ii) training and classification of the minerals using ML 

algorithms such as Multi-label KNN on the data. PCA based feature extraction algorithms are used as 

a preparatory step to identify the first order variations within the data and to reduce noise and data 

dimensionality [2]. PCA is the most widely used technique in exploratory data analysis and machine 

learning for predictive models. The mineral classification here is a multilabel classification issue since 

spectra from a region are a composite mixture of multiple components/minerals. As opposed to 

traditional classification methods, it has the advantage of considering the different mineral mixtures 

present in each pixel [3]. Multi-Label KNN, a major ML algorithm used to classify multilabel 

classifications, was applied to the laboratory spectral data to train the model. The ML approach gave 

us promising results with an accuracy score of 82.61%. Although ML approaches make it easier, there 

are other methods that provide slightly better results in terms of accuracy, hence one of the challenges 

here would be to improve the accuracy by collecting more spectral data, and by improving the 

hyperparameters affecting our ML algorithm.  
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The dust in solar system is found everywhere in the interplanetary space. The Interplanetary Dust 

Particles (IDPs) start their journey from a source like Asteroid belt or comets and evolve dynamically 

over geological time scales to reach a planet [1]. Towards Venus, such evolution of dust particles 

becomes complex due to occasional comets leaving particles and also due to non-gravitational forces 

like P-R drag [2] being more important. Various instruments [3-8] onboard satellites provide direct or 

indirect observations of dust particles in the interplanetary space, which help understanding flux 

variation in the solar system. Recently, Solar Orbiter [9] has given dust impact observations using 

Radio and Plasma Wave (RPW) instrument during inward and outward movement towards Sun. We 

have analyzed the latest Solar Orbiter observations to understand the dependence of dust flux on 

heliocentric distance between Earth to Venus, and present here. 
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A Planetary Environment Simulation and Testing Chamber, the PETC, is being 

developed at PRL, whose motive is to simulate gaseous planets' mixture compositions, 

temperatures, and pressures. We require a system that can achieve precise mixing of 

gases and inject these gases into the control chamber at the required pressure and the 

temperature to make this possible. As a start-up activity for the PETC, we have set up 

a vacuum chamber to demonstrate the gas mixing. The gas-mixing systems available 

commercially come with a constraint that they can handle the factory-calibrated gases 

and operate only at a limited range of pressures. These are not suitable in cases where 

various gases are used and work at varying pressures. As the versatility increases, the 

cost of the commercial systems rises exponentially. 

We have developed a low-cost technique to achieve gas mixing using off-the-shelf 

components. The method requires the gas stored at very high pressures is reduced to 

a pre-calculated pressure under standard laboratory temperatures. By controlling the 

flow rate of the gas, we will inject a precise mass of gas into a mixing chamber and 

from there into the Test Chamber. The components are off-the-shelf and can be tuned 

and calibrated to handle any gas required for the environmental simulation. We are in 

the component-procurement stage and are developing this as an alternative to the 

commercial gas-mixing systems, which are complex and of high cost. With further 

testing and calibrations, this system will be a part of the PETC facility being established 

at our PRL. 
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Infilled craters and extent of lava infilling 

KB Kimi1, Harish1, S Vijayan1* 

1 Planetary Science Division, Physical Research Laboratory, Ahmedabad, India 

* vijayansiva@gmail.com 

 

Impact craters and volcanic deposits are the predominant features on the lunar surface. More than two 

million impact craters of varying diameters have been reported on the lunar surface [1], whereas ~17% 

of the lunar surface is covered with lava [2],[3], known as a mare. Several craters host lava deposits 

on the floor; we are interested in such post-modified craters, known as infilled craters. In general, it 

appears nearly flat floor in the visible imagery. This study aims to understand the extent of lava infilling 

and will provide a detailed understanding of modified craters resulting from the extent of lava infilling. 

We carried out a global study of such craters using datasets from Lunar Reconnaissance Orbiter 

(LRO)-Narrow-Angle Camera (NAC) [4], Wide Angle Camera (WAC)[4], Chandrayaan(CH2)- 

Terrain Mapping Camera(TMC2) [5], and Lunar Orbiter Laser Altimeter(LOLA) [6], merged LOLA 

and Selenological and Engineering Explorer (SELENE)-Terrain Camera (TC) digital elevation 

model(DEM) [7] for identifying and characterising of infilled craters on the lunar surface.  We 

identified 329 infilled craters with enclosed rims, and based on the characteristic, infilled craters are 

categorised into five classes. The characteristics of these craters are shallow floors, generally appears 

flat floors, some floors are domed, subsided, fractured, and some contains central peaks. Overall our 

study demonstrates variation in infilled crater morphology due to variation in the extent of lava 

infilling/magmatism. This study suggests that impact craters have played a significant role in infilling 

the crater's floor. 
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Abstract: 

Our understanding of the universe has been altered by the discovery of exoplanets. But, for the planets 

to show the possibility to harbour life in it or have biosignatures, it has to have optimum physical, 

biological, geological and chemical conditions. There are two types of indicators of habitability: direct 

and indirect. The former indication is the presence of water and its stability on the surface of the planet. 

Thus, the reflection from the waterbody will cause 'glint'. Polarization of light is another way to find 

water. The reflection and emission of radiation are indicators of habitable zones. Indirect methods 

include the presence of CO2 and water vapour in the atmosphere, size of the planet and extent of axial 

tilt. Magnetic fields and satellites revolving around the planet play a crucial role, as well. Our aim is 

to provide the reader with a comprehensive overview of what has been done till now to characterize 

habitable zones on exoplanets. The methods devised to retrieve results will also be discussed. The 

future prospects and voids that can be filled are also discussed. This could give cosmological research 

a new dimension, demonstrating that life is not limited to our planet. 

Keywords: extrasolar planets; habitable zone; water; atmosphere; magnetic fields 
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Argon-40 (Ar-40) is an important constituent in the lunar exosphere. Earlier observations have 

confirmed its presence in the low-latitude regions of the Moon, whereas its distribution in the higher 

latitude regions remained unexplored. CHandra’s Atmospheric Composition Explorer-2 (CHACE-2) 

experiment on the Chandrayaan-2 orbiter, has provided for the first time, the global distribution (within 

±60° latitude) of Ar-40 in the lunar exosphere. The diurnal variation in the number densities of Ar-
40 showed pre-sunrise, sunrise enhancements, sunset peak as well as nightside minima, typical 
of a condensable gas. The diurnal behavior in the mid-latitude region have been found to be 
similar to that in the low-latitude regions.In addition, the observations showed significant spatial 

heterogeneity in the number density of Ar-40, such that enhancements in the number densities were 

observed over several longitude sectors. It was found that some of the regions of Ar-40 enhancements 

in the southern hemisphere coincide with the K-40 rich KREEP terrane and the South Pole Aitken 

(SPA) terrane. However, there are a few more regions of Ar-40 enhancements observed in the northern 

hemisphere, as well. These observations are indicative of unknown or additional loss processes, 

indicate the possible role of Moon quakes or regions with lower activation energies, which need further 

investigation and call for a better understanding of the surface-exosphere interactions and source 

distributions. 
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First estimations of Gravity Wave Potential Energy in the Martian 

thermosphere: An analysis using MAVEN NGIMS data 
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Gravity Wave Potential Energy (GWPE) for the Martian thermosphere is estimated for the first time 

using the MAVEN NGIMS instrument based height profiles of CO2 density and corresponding 

temperature fluctuations for different Martian seasons during the 33rd Martian year. Explicit diurnal 

evolution of GWPE (for 52o to 73o latitude bin) with a post sunset maximum is delineated for summer. 

The higher values of GWPE are observed during morning, compared to post mid-night (35o to 55o 

latitude bin) for summer. As the latitude increases from 16o to 45o, GWPE (1-4 LT bin) is found to be 

nearly doubled for summer. Further, GWPE estimates in autumn are 6 times higher during night 

compared to day (-45o to -72o latitude bin) and daytime ( -53o to -72o latitude bin) GWPE is much 

lower in autumn compared to spring for all longitudes. Overall, from the available data autumn (with 

respect to northern hemisphere) daytime periods appear to be better suited for aerobraking operations 

of Martian landing missions. 
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When did the first planets form in the galaxy? The first few generations of stars were too metal-poor 

to form any planets. As the metallicity of the ISM and the stars in the Galaxy progressively increases, 

small, rocky Earth-like planets are formed first. However, for the formation of Jupiter-like planets, a 

10-15 Earth-mass core that is relatively rich in iron needs to form first. Therefore, Jupiter-like gas 

giants are likely to have formed much later when the Galactic metallicity ([Fe/H]) have increased 

significantly. How do we investigate this scenario and test this hypothesis? It's challenging to measure 

the ages of main sequence stars, and conventional methods such as isochrone fitting cannot be 

employed to measure its age accurately. However, using the dispersion in the peculiar velocities of 

stars, it is possible to measure the average ages of the stars. We used the velocity dispersion of 

exoplanet host stars as a proxy for their ages to study the evolution of planetary systems on the galactic 

scale. We find that as the planet mass increases, the average age of the host stars decreases, indicating 

that the Jupiter-like planets are preferentially found around younger stars. We also find that as the host 

star metallicity increases, the age of the host stars also decreases, indicating that the metallicity 

enrichment of the ISM is strongly correlated with the formation of Jupiters in the Galaxy and that there 

is a strong correlation between the host star metallicity and planet mass. We further probe this by 

investigating the occurrence rate of planets in the Kepler field as a function of their host star metallicity. 

We find that Jupiter-like planets are most common around metal-rich systems, confirming similar 

results obtained using different samples and methods. Based on these findings, we argue that there is 

a critical threshold in metallicity that is required to form a Jupiter-like planet, and that threshold of 

[Fe/H] > -0.2 was only reached in the last 5-7 Gyrs in the ISM of our Galaxy. 
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Claritas fossae are highly dissected terrain in the Tharsis rise, characterised by linear graben (Fossae), 

which formed under the influence of high tectonic activity and volcanism in the region. Claritas fossae 

are located south of the Tharsis Montes region. It has experienced extreme tectonism and volcanism, 

leading to massive volcanoes such as Arsia Mons and deep chasmata like Valles Marineris. In the 

present study, we have investigated the mineralogy and possible formation processes of the Claritas 

fossae. Therefore, studying the mineralogy of Claritas fossae could reveal some useful insights into 

the lithological and geological evolution of the surface. The mineralogical analysis was carried out by 

using datasets from CRISM (Compact Reconnaissance Imaging Spectrometer for Mars) instrument 

onboard MRO (Mars Reconnaissance Orbiter) in the VNIR region and also CTX datasets were used 

to map the morphology and lithology of the region of interests using remote sensing techniques which 

have proved to be highly effective in the exploration of Mars. The browse and summary products of 

CRISM have been used to identify mafic and altered mafic in these regions. Consequently, spectral 

characterisation has been carried out and obtained spectrum in VNIR regions were then matched using 

the MICA library to study the surface composition of Mars.  

Claritas Fossae indicates the presence of mafic and highly altered mafic minerals. The ferric alteration 

products and altered minerals are highly concentrated in this study area. The spectra show diagnostics 

absorption features resulted from vibrational absorption of H2O, OH, CO3, and SO4 indicates hydrated 

minerals, including phyllosilicates, hydrated silica, sulfates and carbonates. The presence of 

serpentine, Mg-smectite suggests hydrothermal alterations or weathering. The presence of Fe/Ca 

carbonates and chlorite indicate the hydrous origin of minerals. In such terms, it can be very likely 

presumable to signify the past aqueous environment of Claritas fossae. Our findings give excellent 

insights on mineralogical composition and formation of Claritas fossae. This research could contribute 

to a better understanding of recent volcanism and associated alteration processes on Mars. 

References:  

[1] Ehlmann, B. L., et al. (2009) JGR, 114, E00D08 [2] Christina E. Viviano-Beck et al., (2014). J. 

Geophys. Res., 261–27 [3] Brown et al., (2010) EPSL 297(1-2), 174-182 

  

 

 

 

 

 

 

 

 

 

 

 

 

mailto:nair.archana@iitg.ac.in


INDIAN PLANETARY SCIENCE CONFERENCE (IPSC-2022) 

Page | 36  

Go to Index 

Global mapping of Mg-spinel lithology using Chandrayaan-1 data 
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Mg-spinel bearing lithologies lacking abundant mafic minerals have been discovered using the Moon Mineralogy 
Mapper (M3) [1] reflectance spectra from Chandrayaan-1 mission [2].  This new feldspathic rock type with the 
presence of Mg-spinel mineral has been detected at small localised areas of a few hundred meters [3,4,5,6]. 
These exposures are generally associated with the thin crust regions of low-Fe terrain and expected to be 
globally distributed [5,6]. The identification of Mg-spinel is based on its unique spectroscopic characteristics; a 
strong broad absorption band near 2000 nm  and the absence of any significant absorption band near 1000 nm. 
The detection of Mg-Spinel has mainly been confined to  site specific studies [3,4,6]. For automatic detection of 
Mg-spinel from global M3 coverage [7], we developed a machine learning based framework. We trained a 1D 
convolutional neural network (CNN) to a labeled data set carefully prepared using the known mineral spectral 
characteristics and applied this model to the global coverage of the M3. This novel approach searched through 
1.1 billion reflectance spectra and  provided a set of 2362 candidate spectra  representing similar spectral 
characteristics as Mg-spinel. This set of data have been used for manual inspection and the band parameters 
retried by applying [8] approach for examining band centre position and band depth parameters. We validated 
the proposed approach at already reported Mg-spinel locations from [5]. The proposed machine learning 
approach provided 32 new Mg-spinel detections. These new detections  mainly belong to the highlands and to 
mare highland boundary regions. Out of these new exposures, 10 locations belong to  latitudes higher than ± 
60°. Our results suggest that  Mg-spinel exposures are  even more widespread than previously thought [5].  The 
detailed mapping of spatially distributed Mg-spinel along with other major lunar minerals is important to 
understand the lunar magma ocean (LMO) and post-LMO  processes. We will further continue this work by 
integrating the data from Imaging Infrared Reflectance Spectrometer (IIRS) onboard Chandrayaan-2 [9].  
 
 
References: [1] Pieters, C. et al. (2009) Current Science 96, 500-505. [2] Goswami, J. and Annadurai, M. (2009) 
Current Science 96, 486-491. [3] Pieters, C. et al. (2011) JGR 116(4), 1-14. [4] Dhingra, D. et al (2011) GRL 
38, L11201. [5] Pieters, C. et al. (2014) American Mineralogist, 99(10), 1893–1910. [6] Sun et al. (2017) EPSL 
465, 48-58. [7] https://pds-imaging.jpl.nasa.gov/data/m3/CH1M3_0004/. [8] Bhatt et al. (2018) Icarus 303,149-

165. [9] Mathavaraj, S. et al. (2020) Acta Astronautica 177, 286-298. 
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Introduction:   

 

 The Martian thermosphere is coupled strongly to the lower atmosphere from below and the solar wind from above. 

Solar EUV radiation is the major energy input into the Mars thermosphere. The major sources of forcing from below are 

the atmospheric tides, which are produced by the solar forcing. Tides cause altitudinal, latitudinal and longitudinal 

variations in the above mentioned atmospheric parameters, thereby playing a major role in moulding the properties of the 

Martian atmosphere system [1],[2]. 

In this context an analysis on the longitudinal structures in the Martian upper atmospheric CO2 densities is reported 

herein. The CO2 densities in the altitude region of 165–220 km corresponding to the in-bound periapsis orbits of MAVEN 

NGIMS during different martian seasons have been considered for this study. The data used spans over a longitude region 

of -180◦ to180◦, the entire available latitude region (within 75◦) and local time range of 0–24 h. The analysis reveals that 

there exists large longitudinal wave structure in CO2 density which shows seasonal and local time variation. The various 

tidal propagation features are looked into in detail. Thus the present analysis provides a clear picture of the longitudinal 

structure in CO2 densities for the different Martian seasons  

 

Acknowledgments: The present work is supported by the Indian Space Research Organisation. 
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Chiral bias is observed in quantitative composition analysis of meteoritic carbonaceous chondrites. 

Proteinogenic amino acids are reported to be in laevo-enantiomeric excess form. This observation 

indicates the outer space as the origin of biological homochirality on the early earth. To gain much 

more insights towards this phenomenon we have explored the non-catalytic stereoinversion routes in 

Leucine, as a test case, under the conditions of interstellar medium (ISM). The thermal routes on the 

ground state and photochemical routes on the first excited state potential energy surface of Leucine 

are mapped. The Density Functional Theory (DFT) is employed within Global Reaction Route 

Mapping Technique (GRRM) in assistance with Gaussian quantum-mechanical Software. Coupled 

cluster level of theory is used to refine the energy of the stationary points located and thus, the 

activation energy barrier associated with the stereoinversion channels. Thermal and kinetic analysis of 

all the routes is performed under different temperature conditions of ISM. Significant effect on the 

activation energy barrier of stereoinversion is observed in case the initiation proceeds photochemically 

by ultraviolet radiations contradicting the hypothesis of circularly polarized light as source of chiral 

bias in outer space. 
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Reflectance spectroscopy of selected Indian Meteorites 
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Reflectance spectroscopy of particulate surfaces provide useful information regarding their 

composition and physical properties such as grain sizes, surface roughness, and porosity [e.g., 1, 2, 3, 

4]. An understanding of the reflectance spectra of meteorites is essential to interpret reflectance spectra 

of solar system objects measured with telescope or spacecraft spectrometers. In this study, we have 

carried out reflectance spectroscopy of selected Indian meteorites in the spectral range 0.35-2.5 

microns using ASD Fieldspec 4 Hi-Res spectroradiometer. The measurements have been acquired for 

the bulk samples of the meteorites using bifurcated optical fiber assembly. This arrangement enabled 

us to acquire reflectance spectra of very small meteorite samples under normal incidence and emission 

angles, and thereby at the zero-degree phase angle. The acquired reflectance spectra have been 

characterized and categorized based on the spectral band parameters.  Our objective is to develop 

capabilities for carrying out quick and non-destructive classification of meteorites by interpreting the 

spectral behavior of meteorites. Further, this know-how will be useful for establishing asteroid-

meteorite relationship and remote sensing/in-situ exploration of asteroids in future.     

[1] Hapke, B., (1981) JGR 86, B4, 3039-3054; [2] Hapke, B., (2002) Icarus 157, 523–534; [3] 

Shkuratov Y. et al. (2012) Journ. Quant. Spectrosc. Rad. Transfer., 113 (18) 2431-2456; [4] Sun, Z. et 

al. (2015) J. Quant. Spectrosc. Ra. 163, 102–119;   
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‘Helium bulge’ in planetary upper atmospheres refers to the accumulation of helium on the nightside, 

particularly in the polar regions. The presence of such a bulge has been reported for Earth, Venus, and 

recently for Mars. Helium bulges are primarily formed as a result of convergence of winds on the dayside 

and their divergence on the nightside, combined with large-scale circulation. Here, we analyzed the helium 

densities measured in the Martian upper atmosphere by the Neutral Gas and Ion Mass Spectrometer 

(NGIMS) aboard MAVEN mission. The data used here spans from February 2015 to June 2020 which 

includes MY 32-34. This study has been carried only for nominal dust conditions. The results of the present 

study show that the nightside helium bulge is a persistent feature of the Martian upper atmosphere in all 

seasons. The helium densities inside the bulges are 1–2 orders of magnitude greater than those on the 

dayside. In solstices, the bulges are observed in the winter polar region, which is in accordance with the 

model predictions. In equinoxes, however, the bulges are observed to extend from mid-latitudes into the 

southern polar regions (>60°S), which is contrary to the model predictions at mid-latitudes. These 

anomalous bulges are predominantly observed in the northern spring equinox. A comparison with Mars 

Global Ionosphere Thermosphere Model (M-GITM) simulated Helium densities shows that the measured 

densities inside the anomalous bulges are 10 – 30 times greater than the modeled ones. To get further insight 

on the bulge formation, we used the horizontal winds measured by the NGIMS instrument. We found that 

at locations where anomalous bulges are observed in the autumnal equinox, the observed winds depart from 

the modelled winds. Furthermore, the observed winds point to the southern polar regions where the bulges 

are observed. Thus, the results of the present study indicate that in equinoxes the regions of local vertical 

advection, that are responsible for the formation of the bulges, are displaced towards the southern polar 

regions. The results of the present study point to the need of a larger wind database from NGIMS in southern 

polar region, particularly during equinoxes. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



INDIAN PLANETARY SCIENCE CONFERENCE (IPSC-2022) 

Page | 41  

Go to Index 
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Mare Marginis (13.3°N, 86.1°E) is a small mare present at the eastern nearside-farside boundary north 

of the Smythii Basin. It is not known to be formed as a result of a basin filling volcanic episode as no 

topographic or gravity signatures suggesting presence of a basin are seen in the region. Several large 

craters in the region have excavated material from different depths within the crust, thus profiling it. 

Results from crater counting indicate that the Mare Smythii basalts (3.14-3.48 Ga) are younger than 

the Mare Marginis basalts (3.38 to 3.88 Ga) [1]. However, the iron and titanium abundances for the 

basalt in Mare Marginis are similar to those in Mare Smythii: FeO 15-17 wt%; TiO2 2.6-3.6 wt%, 

suggesting related source regions for the two mare deposits [2]. The craters in the Marginis region 

provide a unique opportunity to study early stages of mare volcanism on the Moon. The study aims at 

using the data from the Moon Mineralogy Mapper (M3) [3] onboard Chandrayaan-1 alongside the 

topography data of SLDEM2015 to understand the geomorphology and mineralogy of basalts in the 

region. The high-resolution data, now available can aid in understanding the geological association 

between the various units present on the eastern limb of the Moon and to decipher the evolution of 

crust in the region. 
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Our objective is to compare responses obtained from DFSAR (onboard Chandrayaan-2), Mini-SAR 

(onboard Chandrayaan-1) and Mini-RF (onboard Lunar Resonance Orbiter) and develop a data 

processing pipeline for deriving physical characteristics of the regolith. This approach is important in 

order to understand impact crater morphology and for polar ice detection. As a case study, we selected 

the crater De Sitter (80.1N, 39.6E) for inter-comparison of SAR observations.  This is the only location 

which is from the polar region and where all the three sensors; DFSAR, Mini-SAR and Mini-RF have 

overlapped coverage available in hybrid mode at S-band (12 cm). This is our first attempt to understand 

variations in the response of these three microwave sensors and establish a pipeline by integrating the 

individual responses for better constrain on derived circular polarization ratio (CPR), degree of 

polarization and relative phase parameters. We derived circular polarization ratio (CPR), which is the 

ratio of same sense polarization to opposite sense polarization [1, 2, 3]. This parameter is considered 

as a key indicator of surface roughness or water-ice deposits. The CPR>1 indicate rougher 

surface/water-ice deposits, whereas CPR<1 indicate a smoother surface. We first brought all three 

data-sets to a common projection frame and derived the Stoke parameters, which provide information 

on the same sense and opposite sense polarized information. Further, the derived Stoke parameters 

have been used to estimate the CPR values. After removing the outlier pixels from the total CPR pixel 

values for each data set, we have observed that the CPR values are comparable for DFSAR, Mini-SAR 

and Mini-RF data-sets. The obtained CPR range is found to < 1.0, indicating no significant increment 

in the same sense polarization. The Tukey test was applied, which gives the p-value < 0.05 for each 

pairwise comparison of DFSAR, Mini-SAR and Mini-RF. This implies that there is no significant 

difference in CPR from three different SAR data sets. We conclude from this analysis that the three 

instrument responses are comparable and can be used in an integrated manner for improving spatial 

coverage. We will extend this case study to a couple of more polar sites in order to find anomalies 

based on CPR values. At sites with CPR anomalies, we will correlate CPR with the scattering 

information extracted from the three-dimensional coherency matrix. Since DFSAR operates in a fully 

polarimetric mode, we can compute coherency matrix. This additional information along with CPR 

can provide insight into the characteristics of the surface scattering. We will extend the identification 

of polar ice regions using a combination of CPR and coherency matrix. 
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The discovery of absorbed water/hydroxyl on the lunar surface revolutionized the understanding of 

lunar science and its geology[1,2,3]. Recent works based on improved thermal correction and 

correspondingly the photometric correction led to the finding of the global distribution of H2O/OH 

including temporal variations[4,5]. Therefore, the effect of thermal emissivity and its correction is very 

important to characterize the H2O/OH absorption feature at ~3 µm. Meanwhile,  the characterization 

of the absorption band at 3 µm feature remains incomplete and questionable because of limited spectral 

coverage (up to 3 µm for Chandrayaan-1 Moon Mineralogy Mapper/M3) and poor spectral signal in 

limited spectra data available from flyby observations of Cassini VIMS and Deep Impact HRI-IR 

though the wavelength coverage is upto ~5 µm. In this context, the Imaging Infrared Spectrometer 

(IIRS) onboard the Chandrayaan-2 orbiter is now collecting data for the first time on Moon in the 

wavelength range 0.8-5.0 µm with a spectral resolution of ~20 nm and spatial resolution of 80 m/pix[6]. 

Therefore, this work is focused on understanding the thermal radiation and applying the thermal 

corrections so that a proper analysis of 3 µm and beyond can be made.  

Thermal correction by fitting Planck’s function (with emissivity 0.95) for 4.5-4.9 µm is adopted to 

get an estimate of temperature using the radiance data[3][9]. The correlation between reflectance values 

at different wavelengths has been previously used for the estimation of thermal components but the 

methods were developed to work best for data only upto 3 µm[7][8]. The thermal emission for that 

temperature is then subtracted from the observed radiance to get true radiance. The method was then 

implemented on IIRS data from imaging orbit no. 1210, 1305, and 1989. The preliminary results and 

the spectra from 1.0-4.5 µm are found to agree with the previous works and laboratory samples. The 

overall rise in reflectance values with wavelength with maxima at around 4.2 µm and then a steep drop 

in reflectance value was observed as expected. However, an overall lower temperature estimate is a 

concern though the temperature range agrees with the LRO Diviner radiometer observations. Again, 

the rise in reflectance values longward of 3.5 µm and its cause remains unclear.  Therefore, further 

works are in progress extending the geographic coverage of mare and highland areas considering the 

instrument responsivity and systematics. Meanwhile, cross-calibration of our work with previous 

remote observations from Cassini VIMS and Deep Impact HRI-IR flybys on Moon is in progress. The 

photometric correction using the Hapke radiative transfer model is also planned after the thermal 

correction. 

References: [1] Clark, R. N. (2009), Science, 326, 562-564 [2] Pieters, C.M. et. al. (2009) Science 

326, 568-572 [3] Sunshine, J. M. et. al. (2009), Science, 326, 565-568 [4] Bandfield J.l., et al., (2018), 

Nature Geosci (11) 173-177 [5] Wöhler, C., et al., (2017) Sci. Adv. 3 e1701286 [6] Chowdhury A. R. 

et al., (2020), Curr. Sci., 118(3), 368–375 [7] Clark, R. N., et. al. (2011), J. Geophys. Res. 116, E00G16 
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   Abstract: Europa is one of the most interesting planetary bodies in the solar system because of its 

potential to host life and its complex geologic processes [1]. The Solid State Imaging (SSI) camera on 

the Galileo spacecraft took high-resolution images of the unique surface morphology of Europa [2]. It 

is seen that numerous intersecting ridges and dark bands run across Europa's surface which are known 

as lineaments or lineae. According to a model originally proposed by Pappalardo et al. [3] (which is 

based on the formation of ridges on the arctic sea ice), the liquid water from the ocean underneath is 

squeezed onto the surface by the crack formation mechanisms which leads to the formation of these 

lineae. An automated Linea recognition model could be helpful to build a global geologic map of all 

the lineae on Europa. In addition to this, the spectral data from Galileo/NIMS and Juno/JIRAM focused 

on the lineae and their environment could be analysed to hunt for prebiotic chemicals and biosignatures 

[4, 5]. We thus present a model which can recognise the lineae on Europa. As the nature of these ridges 

is quite complex, our model heavily relies on Machine Learning (ML) methods. 

   Machine Learning (ML) techniques have been used extensively in recent planetary science studies 

in an attempt to automate the detection and classification of features of interest in various planetary 

bodies [6]. Automated linea detection is an instance of a general class of computer vision problems  

 

 

 

 

 

 

 

 

 

 

 

known as image segmentation. An original dataset was created by annotating Galileo Mission’s SSI 

instrument images from PDS atlas and ASU’s website to train our supervised ML models.  Standard 

image segmentation models like U-NET [7] do not produce significant results for small data sets. 

Hence, other non-conventional image segmentation models were built, trained, and experimented with. 

The highest mean intersection over union (mIoU) achieved is 61.04%. The model which achieved this 

extracts features from the images and classifies each pixel using a Random Forest Classifier. To further 

improve the models, the SSI images are being inverse rendered [8] and pixel-wise depth is being 

estimated using ML models, and customised loss functions are being built for deep learning models 

and the dataset is being extended using Active Learning. Hyperspectral data from Juno/JIRAM and 

Galileo/NIMS is being processed and made ready for compositional analysis of lineaments.  

Figure 1: Left - part of an SSI image, Middle - red lines depict the Lineae as marked by us, Right - 

red lines depict the Lineae as marked by our model. 
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Perseverance rover touched down inside the 

Jezero crater (~45 km diameter; 18.4°N, 

77.7°E) on 18 February 2021 (Figure 1). The 

exact landing site (named as Octavia E. 

Butler Landing Site) on the floor of Jezero 

crater is proximal to a 1 X 5 km2 rugged, dust 

covered light-toned unit (Figure 1). This unit 

is found to contain yardangs that extend 

several hundred meters in length. Numerous 

TARs (Transverse Aeolian Ridges) of 

varying geometry are evident in the spacing 

between the yardangs, surfaces of some of 

which are currently active. As of 30 

December, 2021, the rover has driven 2.83 

km through 286 sols. The traverse path 

typically borders the dusty unit (Figure 1). 

The rover is on its way to one of the primary 

science investigation sites (named Kodiak; 

Figure 1); however, before that the rover is 

very likely to encounter the aeolian 

landforms, in particular the TARs. 

Therefore, it is imperative to determine the 

morphometric characteristics of the TARs, 

which is to get a pre-traverse idea of the 

length, width, height, and slope of the TARs for reducing any chance of traversability risk to the rover. 

Our study is focused on determining the morphometric details of the TARs in this unit. We have used 

High Resolution Imaging Science Experiment (HiRISE) images and digital elevation models (DEMs) 

for analyzing the distribution, morphology and morphometry of TARs. Our preliminary investigation 

has revealed that: (1) TARs are feathered type – an intermediate type between simple and networked 

TARs, (2) crest-ridge width (W) of TARs commonly vary from ~25-75 m, (3) the down-wind TAR 

length (L) range between 3-10 m, and (4) the ridge-to-ridge spacing (λ) between TARs is within 10-

20 m. We found that the height of most of the TARs range from 0.5 to 1 meter, and the slopes of 

windward-leeward side of TARs is generally less than 15°. However, we have found some of the TARs 

that have steep slopes in the range of >20°, which we mark as a potentially hazardous TARs. Together, 

our study provides new insights into the meter-scale morphometric characteristic of the dusty unit and 

gives the mission team a safe traverse path and some idea of the terrain complexities that the rover is 

expected to encounter on its way to the main science targets for detailed in-situ investigation. 
 

 

 

 

 

Figure 1. The long arrows mark the extents of 1 X 5 km2 study 

region inside Jezero crater. The rover is likely to encounter the 

transverse aeolian ridges (zoomed inset) to finally arrive at one 

of its main science targets ‘Kodiak’. MRO HiRISE image is 

draped on HiRISE DEM to prepare this figure. Data source: 

NASA/JPL/University of Arizona.  
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Abstract: Dawn mission was designed to explore the minor planets Vesta and Ceres in the main 

asteroid belt. It was launched in 2017 and there were three instruments onboard (Framing Camera/FC, 

Visible and InfraRed spectrometer / VIR, and Gamma-Ray and Neutron Detector/ GRaND). In March 

2015 Dawn arrived at dwarf planet Ceres and the VIR spectrometer acquired hyperspectral images in 

the wavelength range from ~0.3 μm to 5 μm in various spatial resolutions [1]. These observations 

helped in providing valuable information for studying Ceres composition and geology. One of the 

interesting findings is detection of ammoniated phyllosilicates mixed with other multiple components 

suggesting an outer solar system origin [2]. In this regard, a quantitative analysis of the spectral data 

is important in order to investigate the potential end members and abundance ratios. Here, we present 

our work on spectral unmixing using Dawn VIR spectral data. 

The observed reflectance spectra show the characteristic of a combination of numerous disparate 

components. We have used the spectral unmixing approach based on Hapke radiative transfer model 

[3]. The Hapke photometric model is derived from the radiative transfer equation which relates the 

reflectance component as a linear combination of the single scattering albedo (SSA) of the minerals 

[4-5]. The potential set of endmembers are initially selected examining the spectral absorption features, 

and later on refined based on the mixing model results. For modeling of the mixture, SSA is calculated 

as a function of wavelength, grain size and density of the minerals/compositions. The model was 

validated with laboratory samples (sample spectra of 2 and 3 endmembers each) with known 

abundance ratios of the components. The reflectance spectra of the modeled mixture, calculated from 

the SSA is compared to the observed mixture by finding the root mean square fit as the cost function 

computed from grid search fitting and Markov Chain Monte Carlo process for the lab spectrum. As a 

preliminary result, the best fit for the average spectrum of Ceres yields a composite mixture of 

antigorite, NH4-montmorillonite and magnesite with an abundance of 20%, 60%, and 30%, 

respectively. Further study of the spectral unmixing using Hapke model and Modified Gaussian Model 

(MGM) [6] approach is in progress. 

     References: [1] De Sanctis, M.C. et al. (2011), Space Sci. Rev. 163, 329–369. [2] De Sanctis, 

M.C. et al. (2015), Nature 528, no. 7581:241-244. [3] Hapke, B. (1981), J. Geophys. Res., 86(B4), 

3039–3054. [4] Hapke, B. (2002), Icarus, 157(2), 523–534. [5] Hiroi, T., and C. M. Pieters (1994), J. 

Geophys. Res., 99(E5), 10,867–10,879. [6] Sunshine, J.M. et al. (1990), Journal of Geophysical 

Research: Solid Earth, 95(B5), pp.6955-6966. 
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We study the response of the Auger, photo, and thermal electrons in the Martian ionosphere to the 

solar soft X-ray (SXR, 0.1-7 nm), 30.5 nm, and Extreme Ultraviolet (EUV, 20-90 nm) irradiances, 

respectively. For this purpose, we used the suprathermal electron fluxes measured by the Solar Wind 

Electron Analyzer (SWEA) and the densities of the thermal electrons measured by Langmuir Probe 

and Waves (LPW) instruments, both on the Mars Atmosphere and Volatile Evolution (MAVEN) 

spacecraft. The solar irradiances are taken from the Extreme UltraViolet Monitor (EUVM) instrument 

on the MAVEN spacecraft and also from the Flare Irradiance Spectral Model for Mars. The results of 

the present study show that the fluxes of the suprathermal electrons and densities of the thermal 

electrons are low in the solar minimum. The Auger electrons are correlated well with the SXR 

irradiance and have almost linear relationship. They are also observedto beindependent of altitude. The 

photo and thermal electrons, on the other hand, are related to their respective solar irradiances by power 

exponents. The photoelectrons show maximum response and correlation at 200 km which decreases 

with increase in altitude. The response of the thermal electrons to EUV flux and their correlation are 

maximum at 250-350 km and decrease above and below. To explain these results, the roles of the 

electron temperatures, neutral densities and electron energy cascade are invoked.  
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Astrochemical Ices Beyond their Sublimation Limit - Momentary Molecular Ices 
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 Sulphur-bearing molecules are of utmost significance in the icy satellites of Jupiter [1] and in 

the interstellar medium. Several of them have been discovered in the solar system and beyond. 

Spectroscopic studies of such molecular ices are imperative to understand their physico-chemical 

nature under astrophysical conditions. In general, when molecules of interest are deposited at 10 K and 

at ultra-high vacuum (UHV), they tend to be amorphous in nature and consequently turns crystalline 

when warmed to higher temperatures as thermal energy is imparted to the ices. Interestingly, the IR 

spectroscopic studies of Ethanethiol (CH3CH2SH) ices at 10 K revealed a unique phenomenon of 

reversible phase change i.e. amorphous ice when deposited at 10 K → crystalline ice when warmed to 

110 K → amorphous again when warmed further to 130 K [2]. Though this work created an immense 

interest to the Astrochemists [3], the reason for the reversible phase change still awaits an explanation. 

In order to investigate this further, we chose to experiment an isomer of ethanethiol, dimethyl sulfide 

(DMS, H3C-S- CH3). 

 DMS is one of the potential candidates that could be present in the ISM [4]. In this work, the 

IR spectroscopic studies of DMS under astrophysical conditions were carried out in the laboratory. 

DMS ice deposited at 10 K changes from amorphous to crystalline at ~ 80 K and then completely 

sublimes at ~140 K. While it is expected that beyond sublimation limit, molecular ices cannot remain 

on the substrate, we have demonstrated for the first time (Figure-1) that molecules can indeed form 

momentary ices even beyond such temperatures. This actually is a leap forward in the quest for 

understanding the reversible phase change of astrochemical ices. 

 

Figure-1: 
Graphical 

representation of the morphology of momentary molecular ices  

beyond the sublimation temperatures – the case of DMS. 
References: 

[1] Spencer, J. R., et al. (2000). Science, 288: 1208-1210. [2] Pavithraa, S., et al. (2017). Spectrochem. 
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HYDRATED MOON: NEW FINDINGS THROUGH REMOTE SENSING  
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ABSTARCT 
 

 

Scientific exploration of planets and their satellites provide significant insight into the various 
processes operating over their surfaces and surrounding environment. Indian planetary exploration 
programme gained momentum with the launch of Chandrayaan-1 in 2008, the first spacecraft from 
India to go around Moon. In addition to strengthening the satellite develop, design, operation and 
control technology it also provided significant data by remotely exploring its surface and environment 
that led to many new discoveries related to mineralogy, surface processes and presence of volatiles 
on lunar surface. Successful launch of Chandrayaan-2 in 2019 with its orbiter still providing excellent 
data in different part of electromagnetic spectrum relating to lunar geology, mineralogy, and volatile 
detection. The Moon with its airless surface, short-lived geological activity, origin related to Earth 
provide huge opportunities to explore its surface to study and examine the solar-terrestrial processes 
and understand the geological evolution of terrestrial planets, especially our Earth. Chandrayaan-1  
has to its credit some important discoveries that includes finding of water signature, detection of 
spinel, lunar lava tubes, evidences of recent volcanism, impact-triggered boulder movements etc.  on 
the surface of Moon.  
One of the prime objective of recent lunar exploration programme was detection of hydration 
feature on the lunar surface. The perception about lunar volatiles and hydration changed after the 
detection of water from Chandrayaan-1 mission. These new findings on surface and subsurface/ 
magmatic water on Moon has completely changed our understanding about the key question of 
water on Moon. Imaging radar data from Chandrayaan-1 Mini-SAR has been used to explored to 
search for ice/water-ice deposits in permanently shadowed regions.  Chandryaan-2 orbiter payloads 
are functional from 100 × 100 km polar circular orbit of the Moon, analyzing its surface for mineral, 
chemical and thermophysical characteristics, morphology & topography, and exospheric 
composition. Initial analysis results from the various sensors have started coming and among them 
one of the exciting finding is unambiguous detection and complete characterization of water utilizing 
the high-spatial and spectral resolution capability of Imaging Infrared Spectrometer (IIRS) instrument 
that measures lunar reflected and emitted solar radiation in 0.8-5.0μm spectral range. The hydration 
absorption has been observed for all latitudes and surface types showing distinct variability 
associated with mineralogy, surface temperature and latitude. While much has been learned since 
the overturn of the “Moon is dry” paradigm by innovative sample and spacecraft measurements, the 
data point to a more complex lunar volatile environment than is currently perceived. 
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One of the primary goals of (exo)-planetary science is to confirm the presence of an atmosphere 

along with its composition for small exoplanets [1]. Until today, we have been able to understand the 

presence of an atmosphere for only one rocky exoplanet known as 55 Cancri e which lacks an H2-

dominated atmosphere. 

 

We study the chemistry of nitrogen-dominated ultra-short period super-Earth 55 Cancri e based 

on observations that favor a high mean molecular mass atmosphere. We initiate our analysis by 

considering Titan's atmospheric composition and using photo-chemical kinetics to obtain possible 

compositional behavior of the planet that should tally with observational constraints. We observe the 

behavior of the planetary atmosphere by generating synthetic spectra on varying C/O, N/O ratios, and 

the vertical mixing parameter. We also study the potential observability of such spectra with future 

facilities such as the James Webb Space Telescope (JWST). We find that the HCN molecule is a tracer 

of high C/O ratios with higher concentrations of CN and CO in such atmospheres. At low N/O ratios, 

we find that methane and C2H4 dominate the spectral absorption features, and at high N/O ratios, 

ammonia becomes abundant. We predict a possibility of depletion of hydrogen and other volatiles 

from such atmospheres due to its proximity to the host star that result in high mean molecular mass 

atmospheres dominated by nitrogen with CN, NO and CO as strong absorbers. According to our 

models, future observations by JWST favor the detections of distinct atmospheric compositions [2].  
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Developments on proof of concept prototype using CMOS C650 chip for Airglow Photometer 
payload onboard future Venus mission.  
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           An Airglow Photometer(AP) experiment is designed for future Venus mission to detect the 
OI 557.7 nm, and 630.0 nm emissions by limiting the spectral bandwidth (to enhance SNR) and 
field of view (to capture even small scale spatial variations in the emission). In recent times, 
progress has been made in identifying the detector (CMOS CAPELLA – CIS120) based on extensive 
modeling exercise of signal to noise ratio (SNR) by considering the optimization of the field of 
view (FOV), spectral bandwidth, dark noise, and readout noise, etc. However, this chip is not 
available with us presently. Therefore, we have explored the bare C650 chip that is available in 
the laboratory to design a working prototype of the airglow payload. This prototype consists of 
front-end, processing, and ground checkout systems. This chip has already been used in the HySIS 
payload (Chandrayaan-1 mission) and LiVHySI payload (YouthSat mission). The prototype of C650 
will only be used as a reference for the development with the identified detector. In addition, 
We have also designed a FEE card of SCOMS CAPELLA-CIS120 chip. The initial results obtained 
through this C650 set-up, the rationale for selecting CMOS CAPELLA – CIS120 detector chip, and 
their FEE card development will be presented in this talk.  
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SHARAD study of the Martian graben system 
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Abstract: The Martian graben system is an old and common martian surface feature, yet the formation 

process is still debatable. The first hypothesis suggests that volcanic rifting is responsible for these 

graben systems' formation process, but the second hypothesis suggests that process was initiated due 

to dike intrusion. 

In our study, we have tried to understand the formation process by studying the subsurface of these 

graben systems using SHARAD data.  

SHARAD detects subsurface reflections at two locations near Mangala Fossa and one location within 

Labeatis Fossa. The reflections were observed at the rim of Mangala Fossa, downstream of Mangala 

Vallis, and the floor of the Labeatis Fossa. These observed reflections are associated with the Tharsis 

radial graben system. The derived loss tangent at these three locations is in the range of 0.009-0.03, 

which is consistent with high-density basalt. The subsurface reflection topography and derived loss 

tangent values indicate that the graben formation processes at these two locations are dike-induced. 

Linear cracks are developed due to interaction between the dike and regional cryosphere sheet and 

subsequently phreatomagmatic eruption of the pressurized aquifers trapped inside the impervious 

cryosphere in the Mangala region. The Labeatis Fossa graben system results from the surface 

Stretching and dike driving pressure to resultant of rift zone volcanism.  
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Chondrules, which are the major constituents of chondritic meteorites, are believed to have formed 

during short localized melting of precursor dust in the protoplanetary disk. They are roughly 

millimeter-sized spheroids. Their ages indicate that their formation started shortly after the CAIs. 

During the melting of the dust grains, the gases might have been lost. The newly formed droplet, now 

called as chondrule acquired its volatile inventory from the gases trapped from the surrounding area at 

their formation place.  

In case of nebular origin of chondrules, interaction between nebular gas and chondrules is expected. 

The primordial nitrogen of the solar system is isotopically light. The light nitrogen represents the major 

portion of all nitrogen in the solar system. However, bulk analysis of chondrites indicates that they 

have heavy nitrogen signature. None of the three main carbonaceous groups shows light nitrogen 

signature. This leads to the new question that which gas do the bulk chondrites sampled? CAIs are 

high temperature condensate, with very low gas content. Chondrules, the main constituents of 

chondrites are therefore important proxies for searching for the nebular gas composition. In the present 

work, nitrogen isotopic systematics in chondrules and its implications for nebular gas composition will 

be discussed 
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Venus Thermal Camera for Venus Orbiter Mission 
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The Venusian atmosphere comprises the H2SO4-H2O clouds which float at 45-70 km altitudes [1]. The 

H2SO4 is supposed to be produced photochemically near the cloud top via the oxidation of SO2, which 

is abundant below the cloud top. The heating of clouds in the lower part of the atmosphere drives 

vertical convection produces the prospect of strong coupling between cloud condensation and 

atmospheric motion [2,3]. 

 

The super-rotation is a planet-wide easterly wind on Venus, the wind speed is about 100 m s-1 near the 

cloud top [4]. The cloud layer absorbs solar radiation, so driving various atmospheric motions that 

might play a central role in the momentum balance of the super-rotation.  

 

The atmospheric temperature of Venus is highest near the ground at approximately 730 K, decreasing 

with altitude to 230 K at IR cloud-top altitudes of approximately 65 km. Venus Thermal Camera (VTC) 

proposed by Space Applications Centre (SAC) operates in an 8-12 µm spectral range and has high-

temperature sensitivity. Venus Thermal Camera (VTC) is designed to have NEdT of 0.1K at the target 

temperature of 230K. VTC will provide about 0.5 km resolution from the periapsis and 60 km from 

the apoapsis (considering the typical elliptical orbit of 500 km x 60,000 km). It aims to capture 

planetary-scale thermal features from apoapsis and fine features from the periapsis. It is based on a 

cooled MCT detector instead of a Bolometer, for the high NEdT performance, which will capture finer 

thermal features. VTC, with its high thermal resolution (better NEdT), will allow us to study the cloud 

top temperature variations globally in the Venusian atmosphere with better accuracy, contributing to 

the long-term data records of the thermal evolution of the Venusian atmosphere, which in turn will be 

useful in understanding its dynamics (super-rotation). VTC will also help in cloud-based studies, 

especially in the diurnal variation of cloud processes.  
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Direct evidence of the day-to-night transport of the suprathermal electrons in the Martian 
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In this study, we examine the state of the Mars space environment during the M and X-class 

solar flares observed on 19 October 2014, 24 March 2015, 04 May 2015, and 10 September 2017. We 

use the suprathermal electron flux measurements made by the Solar Wind Electron Analyzer (SWEA) 

onboard the Mars Atmosphere and Volatile EvolutioN (MAVEN) spacecraft. The suprathermal 

electrons of ionospheric origin are distinguished from those of the solar wind by taking note of the 20-

30 eV photoelectrons. During the solar flares, the suprathermal electrons were observed at high 

altitudes (as high as 990 km) in the terminator region. An examination of the magnetic field topology 

shows that the magnetic fields in these regions were nearly horizontal with respect to the surface of 

Mars. Pitch angle distributions show that the electrons were field-aligned and were moving from the 

dayside to the nightside across the terminator. During these times, there were regions of semi-vertical 

magnetic fields on the dayside that carry the suprathermal electrons upward. This suggests that the 

suprathermal electrons produced on the dayside ionosphere were transported to high altitudes through 

the semi-vertical magnetic fields. In these cases, the foot points of the semi-vertical magnetic fields on 

the dayside were surmised to be below the electron exobase so that the suprathermal electrons 

produced in the dayside ionosphere were transported to high altitudes. Some of these magnetic fields 

may straddle across the terminator, transporting the dayside suprathermal electrons to the nightside. 

Precipitation of these dayside ionospheric suprathermal electrons on the nightside ionosphere is 

expected to produce extra ionization and energetics, in addition that produced due to the precipitation 

by the solar wind electrons. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:nvrao@narl.gov.in


INDIAN PLANETARY SCIENCE CONFERENCE (IPSC-2022) 

Page | 56  

Go to Index 

Investigation of near-Sun solar wind flow speeds from simultaneous observation of Coronal 
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Abstract: The Coronal radio sounding techniques have been instrumental in providing information in 

parts of the near Sun coronal medium where in-situ plasma measurements are quite challenging. One 

subclass of these coronal-sounding experiments is VLBI (Very Long Baseline Interferometer) 

measurements [1], in which radio signal transmitted by spacecraft is received simultaneously at two 

spatially separated ground stations. The radio signals received at two antennas are correlated to deduce 

the observable difference in the phase/Doppler of two signals received, which can be attributed to the 

turbulent irregularities in the solar wind that are convected across the line of sight of two antennas.  

In our study, we used the data from the Coronal Radio sounding experiment that was conducted in 

March-April 2021 by the Akatsuki mission (also known as Venus Climate Orbiter). The Venus, Sun, 

and Earth were in solar conjunction geometry during this period, and the radio signals sent by Akatsuki 

spacecraft passed through the solar coronal region and reached the receivers at the Earth. The data 

were recorded simultaneously at the IDSN, Bangalore, and UDSC, Japan. The data is analyzed to 

calculate observed Doppler frequency fluctuations imprinted on radio signals passing through Solar 

Corona. Theoretical Doppler (range rate Doppler, or Doppler arising due to relative motion of 

spacecraft and receiver) is calculated using SPICE kernels provided by UDSC/IDSN teams. Difference 

of observed and theoretical Doppler gives frequency residual i.e. instantaneous Doppler arising due to 

effects of propagating medium (here solar corona and interplanetary space). The frequency residuals 

and cross-correlation functions are calculated in overlapping time intervals or the same experiment 

day for both stations. It is assumed that density homogeneity of the medium, which causes frequency 

fluctuation in the received radio signal, is ‘frozen-in’ solar plasma medium and is convected outwards 

in a direction perpendicular to signal ray path with solar wind speed. The coronal separation of ray 

path proximate points at the time when signals are received at two stations, combined with a correlation 

time lag, assists in estimating the average outward flow speed of irregularities ‘frozen-in’ coronal 

medium [2]. Our preliminary analysis of Akatsuki data gave flow speeds in the range of 200-300 km/s 

in the coronal region for heliocentric distances between 5 to 12 R⊙. These values will be compared 

with estimates obtained from various models and reported from coronagraphs observation [2]. This 

study holds substantial potential in augmenting solar wind acceleration models and prediction of space 

weather events.  
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The advancements in planetary science has, off late, opened new possibilities for artificial 

asteroid capture missions. Be it asteroid mining, asteroid anchoring, structural characterization, or 

asteroid sample collection and return, the artificial asteroid capture missions have helped in elucidating 

the minimization of extraterrestrial hazards and enhanced the opportunities to deduce meaningful 

insights in understanding the genesis and evolution of the planetary small bodies. In this work, we 

have evaluated the utility of imaging spectrometry to study the spatial distribution of the anomalous 

bright boulders on the carbonaceous near-Earth Asteroid (101955) Bennu. Data from the Visible and 

IR Spectrometer (OVIRS) onboard the OSIRIS-Rex spacecraft has been used to analyze the 1-micron 

pyroxene absorption band to characterize the boulders greater than 1m in size.  

The chemical characterization of boulders has been carried based on differences in albedo 

responses which may be either indicative of impact melts or dust coating due to weathering, which 

further connotes to the theory of their exogenic origin. Some of these boulders showed presence of 

spectral responses similar to those of OC (Ordinary Chondrite) meteorites. Image density slicing 

classification displayed the presence of semi-angular to rounded geometrical structure of the boulders 

indicative of a plausible collision mechanism of S-shaped asteroids with the parent body of Bennu. A 

more comprehensive research involving the use of further data needs to be carried out coupled with 

numerical modelling to confirm our findings. 
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Vitello crater (~42 km diameter, 30.4° S, 37.5° W) located on the southern rim of Humorum Basin is 

a domed, floor fractured crater with concentric fractures from magmatic intrusion beneath the crater 

floor. A series of young (<50 Ma) graben and several lobate scarps transects the mare basalts located 

~40 km south of Vitello, signifying that recent tectonic activity has taken place in this region of the 

Moon. We examine the steep flanks of Vitello fractures at a detail previously not attempted to decipher 

the mass wasting activity resulting from contractional-extensional tectonic activity in this region. 

We find that the flanks of Vitello fractures are characterized by freshly exposed high reflectance 

material consistent with boulder fields. The boulders exhibit evidence of movements or falls 

represented by tracks made from bouncing and rolling of boulders downslope. There is evidence of 

catastrophic boulder slide showing detachment scars. We use images from Lunar Reconnaissance 

Orbiter (LRO) Narrow Angle Camera (NAC), and topographic data from Chandrayaan-2 Terrain 

Mapping Camera - 2 (TMC-2) and LRO Lunar Orbiter Laser Altimeter (LOLA) DEM coregistered 

with Selene Data (SLDEM) to study the morphometric characteristics of boulder fall activity for 

revealing fundamental insights about the triggering mechanism, and decipher its probable link to the 

regional tectonic activity. 

We mapped 450 boulder fall tracks on the flanks of Vitello floor fractures. Our analysis revealed that 

3-30 m sized boulders have fallen along an average gradient of 15°-30° to form tracks consistent with 

length and width varying in the range of 20 m - 1.2 km and 2–25 m, respectively. The average slope 

of boulder source region is between 20°-30°. We found 7 boulders as big as ~20-50 m having 

detachment scars and broad slide tracks. Scars can be generated by the separation of a rock mass in a 

single or multiple events. The boulder falls are characterized by average runout efficiency >2.5, 

implying involvement of a triggering mechanism other than simple gravity flows. Our investigation of 

fracture systems exposed in this region reveal that not only the floor of Vitello but the entire crater has 

been modified by a regional E-W oriented fracture system. This fracture system is exposed in the walls 

of Vitello and had possibly led to the modification of central dome on the crater floor. The orientation 

of fractures show probable linkage to the regional graben encircling the southeastern rim of the 

Humorum Basin. Analysis of the orientations of Vitello fractures, lobate scarps, grabens, and wrinkle 

ridges reveals that the regional distribution of orientations is non-random. Together, we propose that 

the newly observed mass wasting activity within Vitello was probably triggered by the regional late-

stage tectonic activity. The common association of high reflectance material with the boulder fields 

provide a new line of evidence for the young formation ages of the boulder falls. Although it is 

impossible to rule out the influence of seismic shaking due to fresh impacts on the downslope 

movement of boulders, we suggest that it does not need to be invoked as the major explanation of 

boulder fall activity in this region. The lack of observation of any significant (>500 m diameter) fresh 

impact crater exhibiting bright ejecta and rays on the floor of Vitello crater supports this notion. 

Although the likely presence of boulder tracks originating from fresh impact craters on the walls of 

Vitello crater still make recent impacts favorable to potentially induce shaking activity in this region. 
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Boulder falls are one of the predominant features observed on Mars. High-resolution images have 

revealed numerous boulder falls on the martian surface. Such boulder falls indicate recent active mass 

wasting processes and these tracks are ubiquitous on steeply sloping terrain, and where particularly 

abundant have been used to infer active seismicity. This study using the HiRISE images of the same 

place taken at different times, revealed that all new boulder falls have ejecta which we call boulder fall 

ejecta (BFE) (Figure 1). Boulder falls with ejecta are an archive of recent surface activity on Mars, 

however, determining how recently they fell remains elusive. Here we systematically surveyed MRO-

HiRISE images from 2006 to 2020 to find recent boulder falls which have ejecta along the track. We 

searched all craters from ±35° and found BFE present in large numbers suggesting recent falls are 

common and widespread. First systematic survey of BFE revealed ~4500 tracks whose total integrated 

track length is ~900 km. Our study revealed that the BFE fade in as little as ~2-4 Mars years whereas 

some BFE can persist more than 6 Mars years. This study revealed that nearly 30% of BFE are 

observed in the Cerberus Fossae region which implies that it is one of the seismically active regions 

on Mars. Our major conclusion suggests that on Mars BFE is direct evidence for present day activities. 

The presence of BFE in planetary bodies provide a comprehensive evidence for occurrence of recent 

activity within a few decades. BFE on Mars reveals a unique opportunity to study the dynamics of 

boulder-substrate interaction which could inform boulder fall studies essential to understanding the 

hazard they pose on Earth. Overall, the presence of BFE on planetary bodies is an important piece of 

direct evidence or finger print for recent boulder falls within the last few decades and is a good 

indicator for geologically active regions.      

  

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Recent boulder falls on Mars with distinguishable ejecta along the track and at each 

bounces. The spread of the ejecta also varies from tracks to tracks.  
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Abstract: Comets consist of leftover volatile material that are relics of the protoplanetary disc that 

formed the Solar System. The frozen volatile ices in the cometary interiors have remained largely 

unprocessed, and their study can provide clues about the early formation history of the Solar System. 

Comets are also thought to have delivered organics and prebiotic material to the Earth by impact 

processes. Organic molecules detected in cometary environments include hydrocarbons such as 

methane (CH4), ethane (C2H6) and acetylene (C2H2), to more complex organics such as methanol 

(CH3OH), ethanol (C2H5OH), acetaldehyde (CH3CHO), formamide (NH2CHO) and glycolaldehyde 

(CH2OHCHO) [1]. The cometary atmosphere or coma, formed by sublimation of ices from the nucleus, 

is an active region where gas phase chemistry occurs. Comets exhibiting moderate to high molecular 

production rate can reach sufficient coma densities where organic molecules can form. We have built 

a multi-fluid chemical-hydrodynamical model for the coma, which uses a large reaction network to 

model the cometary atmosphere [2]. All of the species in the coma undergo a host of chemical 

reactions, which include collision reactions between ions and neutrals, recombination reactions, and 

electron impact reactions. The energy released due to the chemical reactions is not distributed 

uniformly among all of the species. Thus we use multi-fluid approach and consider the neutrals, ions, 

and the electrons to flow as three separate fluids.  

Our model results show that differences in the initial composition of parent volatiles from one comet 

to the other significantly affect the abundance of ions such as H3O
+, HCO+, and CH3OH2

+. These ions 

participate in successive proton transfer reactions with neutrals forming bigger ions, which then 

recombine with electrons to form neutral species, and organic molecules. Thus, changes in the 

abundance of these ions will affect the abundance of the molecules that form in the coma. We will 

present our model results for assorted comets and give a comparative discussion on the abundances 

and formation pathways of various organic species. 
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Earth-like conditions favourable for widespread carbonate deposition have been interpreted to have 

been prevalent on ancient Mars during the Noachian [1,2]. However, wide-spread carbonate deposits 

have not been found on the Martian surface [3-7]. CO2 surface pressure of at least 1 atm is required to 

sustain warm and wet conditions characteristic of the Noachian Mars, under a young faint Sun [8]. 

Given that the present surface pressure of CO2 on Mars is 6 mb, the key research question is what 

happened to the CO2 - was it lost to space or buried in the form of Earth-like carbonate deposits? 

Answering this question requires a robust method for mapping carbonates from orbital remote sensing 

data. 

The widely used workflow for mapping carbonates relies on established spectral parameters based 

on band centres and band depths at ~2.3 and 2.5 μm, which have some limitations [9,10]. We propose 

a novel method that addresses these limitations. The proposed method applies an improved geometric 

approach to continuum removal to identify absorption features and then uses the inter-band gap 

between the ~2.3 and ~2.5 μm features to identify carbonates. The proposed method is validated using 

library spectra[11] as well as bench-mark CRISM data[12; Fig. 1]. The results indicate that our method 

provides improved sensitivity and specificity, as well as higher overall accuracy (Table 1). 

 Table 1: Performance metrics for established spectral  

parameters & our method over CRISM spectral library 

Figure 1: Carbonate  map for 

CRISM Image FRT00003E12 

derived using proposed method 

Spectral 

parameters 

Sensitivity 

(TPR) 

Specificity 

(TNR) 

Overall 

Acc. 

Band-depth at 

~2.3 & 2.5 μm [9] 

0.84 0.77 0.78 

Band-centres at  

~2.3 & 2.5μm [13] 

0.64 0.98 0.93 

Our method 0.86 0.99 0.98 

References: [1]Sagan C. and Mullen G. (1972) Science, 177(4043), 52-56. [2] Krissansen-Totton 

J. et al (2018) Proceedings of NAS, 115(16),4105-4110. [3] Bramble M. S. et al (2017) Icarus, 293, 

66-93. [4] Jain N. and Chauhan P. (2015) Icarus, 250, 7-17. [5] Boynton W. V. et al (2009) Science, 

325(5936), 61-64 [6] Ehlmann B. L. et al (2008) Science, 322(5909),1828-1832 [7] Wray J. J. (2016) 

JGR: Planets, 121(4), 652-677 [8] Pollack, J.B. et al (1987) Icarus, 71(2), 203-224 [9] Viviano-Beck 

C. E. (2014) 47th LPSC, 1777,2444 [10] Saranathan, A.M. and Parente, M., (2021) Icarus, 355, 107-

114 [11] Viviano-Beck, C. E. et al.(2015) NASA Planetary Data System [12] Seelos, K.D. et. al (2019) 

50th LPSC 2132,2745 [13] Dhoundiyal S. et al (2021) 52nd LPSC 2254,2548  
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The Moon orbiting Earth encounters solar irradiation in the form of photon flux and solar wind 

plasma particles – in response to these currents, the lunar surface gets charged, leading to a complex 

plasma environment over its surface [1-8]. The intensity of these charging currents varies in terms of 

the Moon’s phases, topography, location, and surface parameters – in such case, the lunar surface 

might lead to a significant contrast in the charging, which might differ by the orders of magnitude. 

Such a disparity in electrostatics might be responsible for transporting the charged dust and the local 

plasma (ions/ electrons) population on the Moon [3-4]. In this presentation, we illustrate the 

significance of electrostatics in constituting the plasma environment over the Moon and shall address 

a couple of fundamental issues connected with particle/plasma dynamics and transport [5-8].    
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Glaciation has significantly reworked Mars’ surface until very recent times (up to the last few Ma), 

and extensive high latitude ground ice, ice-rich mantling deposits, and debris-covered glaciers are 

apparent in the present day on its surface and subsurface in the mid-high latitudes. While glaciers are 

identified on Mars, the changes in the cycles of glaciation (i.e., transition in the extent of ice 

accumulation and scale of glacier formation) and the timing of glaciation (i.e., the age of segregated 

periods during which extensive, moderate and minor glaciers formed) is not well understood. In this 

work, we conduct a detailed geological investigation of Cerulli Crater, Mars, which is (~114 km 

diameter, crater centered at 32° N, 22° E) in the Arabia Terra to (1) map the distribution of glacial 

landforms, (2) analyze the morphology and topography of the landforms, (3) estimate best-fit age of 

the landforms, and (4) propose an evolutionary history of the crater modification.  

Based on our MRO Context Camera (CTX) 

image-based preliminary investigation of the 

diversity of glacial landforms, we have 

prepared a morphological map of the crater 

(Figure 1). The glacial landforms found in this 

crater include lobate debris aprons (LDAs) 

around the crater wall, glacial-like flows 

(GLFs) inside pre-existing valleys on the crater 

rim/wall, lobate debris tongues (LDTs) on the 

crater floor, and extensive deposits 

surrounding the central peak. Topographic 

investigation reveals typical downslope flow 

characteristics of individual glacial 

landforms. The surfaces of GLFs host 

chevron texture likely resulting from the 

active mantle sublimation and simultaneous 

downslope transport within the valleys. 

There is evidence for remnant layers on the 

crater floor, which provides another line of 

evidence for ice accumulation and modification of the crater floor during the last obliquity cycles. Our 

next goal is to perform crater counting using CTX images to estimate the best-fit age of the glacial 

landforms to infer their likely formation periods. Together, we plan to use our analytical observations 

and results to understand the relationship between the extensive, moderate, and minor glacial episodes 

and infer the extents to which the glacial landforms formed as recently as the last obliquity cycles have 

evolved in this region 

 

 

 

 

Figure 1. CTX image based morphological map 

of the Cerulli crater presenting the diversity of 

glacial landforms. Image credit: NASA/JPL-

Caltech/MSSS 
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Introduction: The Moon's surface thermal environment is among the most extreme of any 

planetary body in the solar system [1]. The surface temperature of the Moon governs the thermal state 

of the Moon's regolith, its interior, and the behavior of the near-surface volatiles [2]. Highly accurate 

surface temperatures at local times are required for the development of thermo-physical models of the 

lunar regolith. It is also needed for the thermal correction of the surface reflectance measurements 

which can improve the accuracy of lunar surface composition mapping. Here we present initial results 

of the simultaneous retrieval of lunar surface temperature and surface spectral emissivity in 3-5 𝜇𝑚 

range, from Chandrayaan-2 Imaging Infrared Spectrometer (IIRS, [3]) observations.  

 

   Retrieval algorithm: The simultaneous retrieval of lunar surface temperature and spectral 

emissivity is performed using optimal estimation [4]. This method minimizes (Eq. 1) the cost function 

(J) which is the squared distance between a model a priori state (xa) and the observations to arrive at 

the optimal state. 
 

𝐽(𝐱) = (𝐱 − 𝐱𝑎)𝑇𝐒𝑎
−1(𝐱 − 𝐱𝑎) + (𝐲 − 𝐹(𝐱))𝑇𝐒𝐲

−1(𝐲 − 𝐹(𝐱))     (1) 

 

Here, F is the forward model simulating the observed radiance (or equivalent BT) y given the model 

state x. Sa and Sy are the a priori and observation error covariance matrices respectively. The Sa and 

Sy are considered to be diagonal. The forward model F used here is given as 
 

𝐼𝜆 = (1 − 𝜖𝜆)
2𝐽𝜆 cos(𝜃)

𝜋𝑑2(cos(𝜃)+cos(𝑒))
+ 𝜖𝜆

2ℎ𝑐2

𝜆5

1

𝑒
ℎ𝑐

𝜆𝑘𝑇𝑠   −1

                 (2) 

 

where Iλ is the spectral radiance measured by IIRS at wavelength λ, h is the Planck's constant, c is the 

speed of light, k is the Boltzmann constant. Jλ is the spectral solar irradiance at wavelength, d is the 

mean Sun-Moon distance in astronomical units, θ is the incidence angle, and e is the emergence angle. 

The state vector is defined as 𝐱 = (𝜖𝜆1
, 𝜖𝜆2

, … 𝜖𝜆𝑚
, 𝑇𝑠)𝑇 and the observation vector consists of 𝐲 =

(𝐼𝜆1
, 𝐼𝜆2

, … 𝐼𝜆𝑚
)𝑇. Here, 𝑇𝑠 represents the surface temperature and 𝐼𝜆𝑖

 represents the radiance 

observation at wavelength 𝜆𝑖. The a priori surface temperature is calculated by inverting the Planck’s 

function corresponding to the longest possible wavelength (𝜆=4.8749) observation while the a priori 

emissivity 𝜖𝜆
𝑎 is calculated from representative spectra. As the observation at 𝜆=4.8749 is used for a 

priori calculation, it is not used in the retrieval process. Eq. 1 is solved iteratively using Levenberg-

Marquardt optimization algorithm [5].  

 

References: 
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150, 125-160. [3] Chowdhury, et al. (2020), Current Sci., 118(3), 368–375. [4] Maahn et al. (2020) 

BAMS, 101 (9), E1512-E1523. [5] Levenberg Kenneth (1944), A method for the solution of certain 
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The Diviner Lunar Radiometer Experiment (DLRE) sensor onboard the Lunar Reconnaissance Orbiter 

(LRO) has been acquiring visible and infrared surface radiance measurements of the Moon for more 

than ten years now [1][2]. This data has been used to generate maps of temperatures (using the polar 

stereographic projection) poleward of 80° latitude at fixed local times and fixed subsolar longitudes to 

provide an overview of diurnal brightness temperatures of the polar regions (TB). The data has been 

divided into winter and summer seasons, defined by the times of year when the subsolar latitude is 

above or below the equator, to characterize the variations in seasonal temperatures. These variations 

are a result of the ~1.54° angle between the Moon’s spin pole and the ecliptic plane. Since the 

illumination in the polar regions is continuously at grazing angles, local topography plays a dominant 

role in the variation of brightness temperatures. Consequently, the surface and near-surface thermal 

environment can vary in complex ways with time of day and season, which produces areas that are 

seasonally shadowed for prolonged periods, and that are much more extensive than the Permanently 

Shadowed Regions (PSRs). Lunar south polar regions are said to have ice particles trapped in the PSRs 

[3]. 

In this study, we derived TB for Cabeus Crater (located at 84.9°S, 35.5°W), a ~100 km diameter crater 

located in the south polar PSR region of the Moon. Upon investigating TB for a period of 8 years 

(between 2009-12 and 2016-19) over Cabeus Crater, some anomalous temperature variations in and 

around the crater floor were found such that TB for that location at nighttime (between 2200 and 0000 

hours local time) in the summer season were around ~100K. This is much higher than the usual TB 

values (~50K) that were observed for the same region using cumulative data of 4 consecutive years 

that were separately (between 2009-12 and 2016-19) obtained after spatially interpolating point data 

to create a raster dataset of the region. The observed anomaly is highly unexpected and strange since 

no local heating was observed anywhere near the study area and also with respect to the local time 

around which this phenomenon was observed. In this regard, we suspect some sort of local event could 

be occurring in and around the region where such an anomaly was detected. A detailed analysis of the 

same can reveal more clues and help understand this phenomenon in more detail. 

References: 
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The Solar X-ray Monitor (XSM) on-board Chandrayaan-2 mission is designed to carry out broadband 

spectroscopy of the Sun from lunar orbit. It measures the spectrum every second in the soft X-ray band 

of 1 to 15 keV with an energy resolution better than 180 eV at 5.9 keV. Though the XSM measurement 

will aid in quantitative interpretation of elemental composition of the Moon by the companion 

instrument Chandra’s Large Area Soft x-ray Spectrometer (CLASS), but the XSM observations can 

independently be used to study the Sun as well. The Chandrayaan-2 mission was launched on 22 July 

2019, and the XSM began nominal operations, in lunar orbit, from September 2019. The in-fight 

observations, so far, have shown that its spectral performance has been identical to that on the ground. 

It also has been demonstrated that the XSM is sensitive enough to detect solar activity well below A-

class as expected. It has detected large number of micro flares during the quite phase of the Sun and 

this makes the investigations of micro flares and the quiet solar corona feasible in addition to the study 

of the evolution of physical parameters during intense flares. This is the only instrument providing 

such high quality data at present.  

 

In recent years, Silicon Drift Detector (SDD) based X-ray spectrometers are widely flown onboard 

space/planetary missions due to its superior spectroscopic performance. The XSM instrument is 

designed to provide the energy resolution of ~175 eV at 5.9 keV for the detector operating temperature 

of ~ -35oC. XSM also has stable spectral performance for the count rates up to ~105 counts/s. It is well 

known that the performance of any silicon detector, and hence its energy resolution, degrades, due to 

environmental effects as well as radiation damage. The energy resolution of the SDD based X-ray 

spectrometer mainly depends on the leakage current and the noise contributed by the readout 

electronics. We have implemented a novel technique in the XSM instrument to continuously monitor 

the detector leakage current. This directly gives the measure of radiation damage on the SDD around 

the lunar orbit. Before Ch-2 launch, the measured leakage current is ~0.5 pA and increased to ~2.2 pA 

after the mission passed through the radiation belts. After two years of mission, the increase in the 

leakage current is ~4 pA. 

 

In the conference, we will present the overall performance of XSM since launch to till date and also 

the effect of SDD leakage current on the performance of the spectrometer. 
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DETAILED INVESTIGATION OF THE SPINEL BEARING EXPOSURES ON THE MOON 

FOR THEIR NATURE OF OCCURRENCES AND ASSOCIATED MINERALOGY 

Shanta Panja1, Mamta Chauhan1, Prakash Chauhan1 and R. S. Chatterjee1 

1Indian Institute of Remote Sensing, ISRO, Dehradun 
*Corresponding Author E-mail: shanta.panja@gmail.com 

The Moon is the geological rosette of the Earth. The increase of planetary exploration programmes in 

the last few decades has ushered in a new era for understanding the geological evolution of the 

planetary bodies. Spinels are oxides formed in the lower crust or mantle of the differentiated Moon. 

They have been identified from the returned samples, lunar meteorites and recently detected 

abundantly both on the farside and nearside through remote sensing [1]- [22]. They have been 

suggested to have a deep-seated origin [23] or being formed as a product of the Mg-suite plutonism 

and assimilation between the magma having a high-content of Mg with the anorthositic crust [24]. The 

reflectance spectra of the spinel group of mineral in Visible and near Infrared region (VNIR) region 

depends on the major cation present and the sites occupied by them in the crystal structure. For 

aluminous spinel, there is always an absorption feature shortward of 2.1μm and for chromite longward 

of 2.1μm in VNIR region [25]. The present study is undertaken to investigate the mineralogy of the 

spinel and study the new areas of spinel-bearing exposures of the Moon in addition to the already 

reported ones alongwith the associated minerals. The datasets of ISRO’s Chandrayaan-1 and 

Chandrayaan-2 are used for the detection of the minerals. In addition to this, a comparative study of 

the obtained spectra will also be done. The association of the minerals in different tectonic setting 

suggests that not all the deposits of the spinel can simply be attributed to a single generalised formation 

mechanism. Thus, detailed study of these exposures can help in understanding the widespread 

occurrences of this lower crustal/mantle mineral on the surface and evolution of the lunar crust with 

time. 

References: 

[1]D. Dhingra and C. M. Pieters (2011) Annu. Meet. Lunar Explor. Anal. Gr.[2]S. Bhattacharya, M. 

Chauhan, and P. Chauhan ( 2015) 46th LPSC  [3]S. Pathak, A. et. al., (2021) Icarus, vol. 360 [4]S. 

Pathak, S. Bhattacharya, M. Chauhan, S. Gupta, and M. K. Panigrahi (2019) 50th LPSC  [5]J. F. 

Mustard et al.,(2011)J. Geophys. Res., vol. 116, no. 5, pp. 1–17 [6]M. Chauhan, S. Bhattacharya, S. 

Pathak, and P. Chauhan, (2018) Meteorit. Planet. Sci., vol. 53, no. 12, pp. 2583–2595 [7]S. 

Bhattacharya, P. Chauhan, and A. Ajai, (2012),39th COSPAR Sci. Assem. [8]S. Pathak et al., 

(2015),Eur. Planet. Sci. Congr., vol. 10 [9]S. Bhattacharya et al.,(2013) lunar interior,” Curr. Sci., vol. 

105, no. 5, pp. 685–690.[10]P. Kaur, P. Chauhan, and Ajai, 2013.[11]S. Bhattacharya, P. Chauhan, 

and M. Chauhan, (2015),46th LPSC [12]P. Chauhan et al., (2021),52nd LPSC[13]S. Bhattacharya, P. 

Chauhan, and M. Chauhan,(2014), 45th LPSC[14] D. Dhingra et al.,(2011) 42nd LPSC[15]S. 

Bhattacharya et al.,(2015) Icarus, vol. 260, pp. 167–173[16]S. Bhattacharya, P. Chauhan, and 

Ajai,(2012) Curr. Sci., vol. 103, no. 1, pp. 21–22[17]S. Bhattacharya et. al,Icarus, (2011),vol. 212, no. 

2, pp. 470–479 [18] C. M. Pieters et al.,(2011) Geophys. Res. Lett., vol. 38, no. 11, pp. 1–4, [19]D. Lal 

et al.,(2012) J. Earth Syst. Sci., vol. 121, no. 3, pp. 847–853 [20]P. Kaur, P. Chauhan, and A. Ajai, 

(2013),44th LPSC[21]C. M. Pieters et al., (2011) J. Geophys. Res., vol. 116.[22]S. Bhattacharya, P. 

Chauhan, and M. Chauhan,(2014), 45th LPSC.[22]P. Kaur et. al,(2012), 43rd LPSC [23]C. M. Pieters 

et al., (2014)Mineral., vol. 99, no. 10, pp. 1893–1910[24]Y. Sun, L. Li, and Y. Zhang,(2017) Earth 

Planet. Sci. Lett., vol. 465, pp. 48–58 [25]E. A. Cloutis, J. M. Sunshine, and R. V. Morris, (2004) 

Meteorit. Planet. Sci., vol. 39, no. 4, pp. 545–565 
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Regional variations in Martian meteorology 
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Contents of your abstract here: The Planetary Boundary Layer (PBL) is the lowest part of the 

atmosphere that is directly influenced by the surface. It responds to the surface forcing in a timescale 

of an hour or less, therefore the vertical mixing is strong. The local topography, solar radiation, and 

dust content in the atmosphere play a key role in guiding the local and regional scale meteorology of 

the atmosphere, which cannot be computed by a global scale model. Hence, we use a mesoscale model 

(LMD-Mars Mesoscale Model) to study about the local and regional scale meteorology of Mars in 

presence of low dust cover. The mesoscale models solve for the equations of motion for the 

atmospheric fluid which are integrated on a grid, with a resolution of tens of meters to a few kilometers. 

We have run the model for these locations: (1) Arsia Mons (~8°S, ~120°W); and (2) Gale Crater (~5°S, 

~137°E). The computations are carried out for ~10 days during the southern summer season (Ls = 

~297º). We will discuss about the mesoscale meteorology of these two different areas on Mars and 

show some preliminary results from our analysis. 
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Supra Thermal & Energetic Particle Spectrometer (STEPS), A sub-system of ASPEX payload 
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Many aspects of the origin, acceleration and anisotropy of energetic particles in the interplanetary 

medium are poorly understood till date. These energetic particles (energy ranging from a few tens of 

keVs to a few tens of MeVs) are originated during solar flares, during the passage of interplanetary 

coronal mass ejections (ICME) or corotation interaction regions (CIR) through the heliosphere and 

produced by the terrestrial bow shock. As a consequence, these energetic particles can arrive at the 

first Lagrangian point (L1) of the Sun-Earth system from a number of directions. In order to understand 

the origin, acceleration and anisotropy of the energetic particles, it is, therefore, essential to have multi-

directional measurements of both low and high energetic particles. Keeping these aspects in mind, 

Aditya Solar wind & Particle EXperiment (ASPEX) experiment is designed.  

ASPEX is going to fly onboard Aditya-L1 mission, the Indian mission for the study of the Sun from 

the L1 point. ASPEX will make the in-situ, multidirectional measurements of the slow & fast solar 

wind, supra-thermal particles and solar energetic particles in the energy range of 100 eV to 5 MeV/n. 

ASPEX consists of two subsystems: the Solar Wind & Ion Spectrometer (SWIS) measures the H+ and 

He++ ions in the energy range of 100 eV to 20 keV along and across the ecliptic plane while the other 

subsystem: the Supra Thermal & Energetic Particle Spectrometer (STEPS) measures the H+ and He++ 

from six directions in the energy range of 20 keV/n to 5 MeV/n that include radial (towards the Sun), 

Parker (along the Parker Spiral), intermediate (between radial and Parker), Earthward (from Earth side) 

and across the ecliptic plane in the northward and southward directions. The measurements of He++ 

and H+ fluxes will also be used to test the efficacy of the alpha-proton ratio in the solar wind as a 

possible precursor for the arrival of ICME, CIR at the earth’s orbit.  

The STEPS uses customized Si-PIN detector and plastic scintillator in the E-E configuration mode 

for the identification of the species (H+ and He++) and the energy measurement. Dual window Si-PIN 

detectors are fabricated on a single package with two different thicknesses of dead layers (0.1 µm and 

1.0 µm) of high Z layer. The readout of plastic scintillator is carried out using Silicon Photomultipliers 

(SiPMs). To accommodate the multiple directions measurements, STEPS has been configured into two 

packages: STEPS1 package and STEPS2 package.  

In this talk, overall configuration of the STEPS instrument, its salient features will be discussed. 

Developmental status of the flight model and some of its results will also be presented. 
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Phyllosilicate, a major secondary phase, is ubiquitous and abundant (>70%) in Carbonaceous 

chondrites (particularly in CM/CI type). Tochilinite-Cronstedtite Intergrowths (TCIs), are one of most 

prominent phases in matrix, often also dispersed throughout the chondrules and in fine-grained rims 

(Nakamura and Nakamuta 1996; Pignatelli et al. 2017). Tochilinite is a hydroxyl-sulfide mineral 

having formula of 2Fe1–xS n(Fe,Mg,Al,Ca)(OH)2, where 0.08 ≤ x ≤ 0.28 and 1.58 ≤ n ≤ 1.75 

(Gubaidulina et al. 2007). Its crystal structure is characterized by alternating brucite/amakinite like 

(Mg,Fe)(OH)2 and mackinawite-like (Fe,Ni)1–xS layers (Vacher et al., 2019). TCIs falls on a mixing 

line between cronstedtite and tochilinite. TCIs are altered product of different primary phases including 

amorphous silicates (Hewins et al., 2014) and Fe-Ni metal grains, anhydrous silicates (Pignatelli et al., 

2017). In view of the rarity of tochilinite occurrences on Earth, lack of experimental data, the stability 

of formation temperature and its relation with iron oxidation and the role of microenvironment in CMs 

remain under constrained.   

Based on texture and chemical composition, two types of TCIs have been discussed (Nakamura and 

Nakamuta 1996; Pignatelli et al. 2017). Type I TCIs - rounded massive rims around Fe-Ni metal beads 

present in chondrules and comprise tochilinite with minor cronstedtite & type II TCIs – contains 

cronstedtite with minor tochilinite and magnetite and appear as fibrous clusters in the matrix. 

Tochilinite appears as fibrous in texture in BSE images and is riddled with bright and dark patches. 

The modal abundances of TCIs in CM2 chondrites vary from 20 to 50%. However, as progressive 

alteration increases, Fe-serpentine is likely to be replaced by Mg-serpentine.  

Temperature is one of the major constraints on the Mg content in the brucite/amakinite-like layer 

of tochilinite (Palmer and Lauretta 2011; Vacher et al. 2019). Based on the Mg concentration of CM2 

tochilinite, a revised estimate of temperature of tochilinite formation is discussed, here. Meteoritic 

tochilinite with nMg contents of 0.12–0.35 corresponds to mean precipitation temperatures of 

120±21.56 °C for Mighei, 131±18.78 °C for Murchison, 124±21.78°C for Murray, 156±21.69 °C for 

Cold Bokkeveld, 152±25.57 °C for Nogoya and 161±24.98 °C for Mukundpura, respectively. There 

is a positive correlation of highly altered CM2 subtype with TCI formation temperature and Fe 

oxidation (Fe3+/Total Fe) ratio. The variability of formation temperature is suggested due to changes 

in microenvironment during the progressive alteration in CMs.  Additionally, as serpentinisation 

progresses, the Fe3+/total Fe also increases and formation of magnetite also begins as Fe3+ goes into 

octahedral and then both in the octahedral and tetrahedral site of serpentine. Thus, higher oxidation 

and higher temperature promote higher degree of alteration in addition to higher magnetite formation 

and higher H2 formation. The identification of tetrahedral Fe3+, thereof, could help to remotely sense 

locations with H2-induced localities in the asteroidal or any planetary surface for possible existence of 

microbes during the future planetary exploration. 

 

References: [1] Nakamura T. and Nakamuta Y. (1996) Symp. on Ant. Met., 9, 37-50. [2] Pignatelli et 

al. (2017) GCA, 209:106–122 [3] Gubaidulina et al. (2007) RAS, 71:1269–1272 [4] Vacher et al. 

(2019) MAPS, 54:1870-1889. [5] Hewins et al. (2014) GCA 124:190–222 [5] Palmer and Lauretta 

(2011) MAPS 46:1587–1607 
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The Nadir and Occultation for Mars Discovery (NOMAD) onboard ExoMars Trace Gas Orbiter 

(TGO) have provided mixing ratios of H2O and HDO at Solar Zenith Angle (SZA) ~ 71o in the lower 

atmosphere of Mars. For the first time we have implicated these observations in the modelling of the 

lower ionosphere. The production/loss rates of H2O and the densities of water, nitrogenated and 

deuterated cluster ions (H2O
+, D2O

+, HDO+, H+(H2O)n, D+(D2O)n, H+(HDO)n, CO4
-, CO3

-, CO3
-

(H2O)n, CO3
-(D2O)n,, CO3

-(HDO)n,, NO2
-(H2O), NO2

-(HDO), and NO2
-(D2O) (for n = 1 to 5)) are 

estimated between 0 km and 70 km. In presence of dust storm, the ion densities were increased by a 

factor of 5-10 than that produced before or after the dust storm.  
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The scope of space weather studies and applications has now expanded beyond Solar-Terrestrial 

relationship to understand the solar influences on planetary environments. In this paper, we summarize 

the observed impacts on Martian plasma environment to different space weather events that were 

observed during the 2016-2018 period, primarily using MAVEN observations. These studies as well 

as the discovery of supra-thermal Argon exosphere of Mars from the MOM observations [1] have 

important implications as far as the atmospheric escape is concerned.  

A spectacular space weather event at Mars occurred during March 2015 [2]. The particle instruments 

on board MAVEN observed the impact of this event on Mars. Topside ionospheric compression and 

depletion were observed by LPW and NGIMS as a result of two successive CME impacts.  

Interestingly, a similar level of topside ionospheric response was also observed during a stealth CME 

event during August 2018 [3].   

The declining phase of solar cycle 24 also showcased another interesting aspect of space weather 

impact at Mars. SEP enhancements (during CIR arrival) and associated changes in the Martian 

ionosphere were observed during a strong CIR event of June 2015 and August to October 2016 [4, 5].  

The results from these studies will be presented and discussed.  

[1] Bhardwaj et al., GRL, 2017 

[2] Thampi et al., JGR, 2018 

[3] Thampi et al., MNRAS, 2021 

[4] Krishnaprasad et al., JGR, 2019 

[5] Krishnaprasad et al., ApJ, 2020 
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X-ray emission characteristics of solar micro/ nanoflares 
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Abstract 

We present study of 250 solar microflares observed by the Solar X-ray 

Spectrometer (SOXS) mission that flown onboard GSAT-2 Indian spacecraft 

in 2003 and worked satisfactorily until 2011. SOXS was comprised of two 

solid-state semiconductor detectors viz. Si and CZT whose dynamic energy 

range was between 4-25 and 4-56 keV respectively that covering soft and 

hard X-rays from solar flares. The flares analyzed by us were observed 

during 2003-2007 and all of them were of B-class. We considered analysis 

of time and spectral profiles of soft and hard X-ray emission. We compared 

the SOXS temporal profiles of varying energy windows with GOES temporal 

data in 1-8 A◦ and 0.5-4 A◦. The X-Ray spectra of many micro and even nano 

flares in the range 4-25 keV reveal evidence of Fe and Fe/Ni line emission 

and multi thermal plasma. Almost all microflares show the Fe-line feature 

peaking around 6.7 keV, which is an indicator of the presence of coronal 

plasma temperature ≥ 9MK. We show evidence of hard X-ray emission ( 

20 keV) from non-thermal electrons while soft X-ray of thermal origin. 

Microflares show thermal plus non-thermal hybrid mechanism, which may 

indicate them as a strong source for coronal heating. Spatio-temporal 

correlation of a few X-ray microflares with H flare kernels reveals the 

process of down-flow of high energy electrons from coronal reconnection 

point, and then H bright points as the source of chromospheric evaporation.       
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Thermal and Photometric Analysis of Asteroid Ceres from VIR spectrometer onboard NASA 

Dawn 
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Abstract: The spectrophotometric signal data of a planetary body is a composite signal of the 

surface scattering and thermal emission [1]. In the longer near-infrared wavelengths of the Visible and 

Infrared spectrometer (VIR) spectrometer data of asteroid Ceres (from NASA Dawn), contribution 

from the thermal component dominates the reflectance spectrum. Removing the thermal component 

requires a various factors to be considered, e.g. radiometric calibration, correction of artifacts and 

determination of both emissivity and local surface temperature. Methods discussed in Carrozzo et al. 

(2016) [2] have been adapted for artifact correction. A thermal correction model based on Clark’s 

method of linear interpolation [1, 3] has been 

developed. Emissivity at each pixel has been 

determined by applying Kirchhoff’s law [1] 

at non-absorption wavelength regions of ~1.7 

μm to ~2.49 μm. The surface temperature has 

been determined by fitting the difference 

between the thermally uncorrected data and 

projection of the non-absorption region 

towards the longer wavelength. Each 

spectrum is then corrected by subtracting an 

equivalent blackbody emission curve with 

specified emissivity and temperature. 

After thermal correction to the 

hyperspectral data, photometric correction 

based on Hapke radiative transfer model is 

applied in order to get rid of contributions due to inflight observations of the surface in different 

viewing geometries [4, 5]. For initial investigation of its photometric properties, Hapke’s disk-resolved 

model with single-scattering albedo (ω), single term Henyey-Greenstein (HG1) phase function, 

multiple scattering with Chandrasekhar function and shadow hiding opposition effect (SHOE) has 

been applied [4-6]. Disk-resolved images with a coverage of 0.12°-84° phase angles from the Survey 

and XMO4 phases have been used to fit the functions at a particular band (2.28 μm). The photometric 

parameters derived in this spectral band are: ω= 0.09, ξ= -0.29 (cosine asymmetry factor of HG1), B0= 

1.96 (amplitude of SHOE) and hs= 0.053 (height of SHOE), respectively. A correction for macroscopic 

roughness (θ) [7] is in progress. The photometric model using 2HG phase function is also planned. A 

well corrected VIR hyperspectral data is expected to provide a detailed analysis of its physical and 

mineralogical composition. 

References: [1] R. N. Clark (1979) Icarus, 40, 94-103. [2] F. G. Carrozzo et al. (2016) Review of 

Scientific Instruments, 87. [3] R. N. Clark (2011) Journal of Geophysical Research, 116 (E00G16). 

[4] B. Hapke (1981) Journal of Geophysical Research, 86, B4, 3039-3054. [5] B. Hapke and E. Wells 

(1981) Journal of Geophysical Research, 86, B4, 3055-3060. [6] B. Hapke (2012) Cambridge 

University Press. [7] B. Hapke (1984) Icarus 59, 41-59. 

 

 

Fig 1. Thermally corrected spectrum from Ernutet 

region is shown. Average emissivity and local 

temperature are found to be 0.983 and 211.04 K 

respectively. Thermally uncorrected spectrum is 

shown in the inset. 
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Our solar system is filled with nanometer to millimeter sized dust particles coming from Asteroid, 

comets and interstellar sources. These particles dynamically evolve in the solar system under 

gravitational and non-gravitational forces like solar wind pressure [1] and Poynting-Robertson effect 

[2]. Since, dust particle gets charged by photoelectric effect, they are also influenced by Lorentz force 

[3]. Smaller particles are known to be pushed away from Sun because of radiation pressure [4] whereas 

larger particles travel inward because of gravity. During their journey, they may get ablated in 

planetary atmosphere or impact the surface in case airless bodies like Moon [5] and generate ejecta. 

Here, the forces acting on dust particles in space are analyzed, with a view to study their dependence 

on particle parameters. Specifically, the dependence on particle mass and density is analyzed here for 

each of the forces to better understand particle dynamics. This will help in better estimating the flux 

of particles at different heliocentric distances and the flux reaching a particular planet. Further, this 

will aid in better modelling the dynamic evolution of dust particles using N-body integration. 

 

References:  

[1] Wilck and Mann (1996) PSS, 44, 493-499. [2] Kimura H. et al. (2002) Icarus, 157(2), 349-361 

[3] Belton M. J. S. (1966) Science, 151, 35–44 [4] Pabari J. P. et al. (2020) Icarus, 338, 113510 

[5] Grun E. et al. (1985) Icarus, 62, 244–272. 
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Outside of the compositionally evolved Procellarum KREEP terrane, in which most of the large shield 

volcanoes on the lunar nearside are present, there is a unique mass concentrated volcanic complex, 

namely Gardner (16.1°N, 34.1°E; ∼70 km in diameter; named after the ~25 km Gardner crater) on the 

northern edge of Mare Tranquillitatis whose origin is enigmatic [1]. Recent high-resolution remote 

sensing and geophysical data analysis of this region suggested that Gardner is the largest central-vent 

volcano identified so far on the Moon [2]. Compositional studies indicated that the Gardner impact 

crater is unique as its northwest and southeast parts show differences in the element abundances and 

mineral types, and this could be the result that the Gardner crater lies on the border of the highlands 

and the volcanic plateau [2]. In this study, we seek to improve our understanding about how the 

different stages of volcanic activities (ranging from Nectarian to Eratosthenian ages) that have 

occurred on the Gardner plateau [2] have influenced/modified the physical and chemical properties of 

Gardner crater floor and its ejecta materials.  For this analysis, we used hyperspectral data from the 

IIRS (~800–5000 nm) and L-band radar data (~25 cm wavelength) from the DFSAR instruments 

onboard Chandrayaan-2, M3 hyperspectral data (~540–3000 nm) from Chandryaan-1 mission, S-band 

radar data (~12.6 cm wavelength) from the Mini-RF instrument and high-resolution LROC NAC 

optical images (0.5–2 m/pixel) from the LRO mission to characterize the mineralogical, physical, and 

morphological properties associated with Gardner crater floor and ejecta.  

Our preliminary analysis indicated that spectral signatures from the western part of Gardner crater 

shows the occurrences of both low- (LCPs) and high-Ca (HCPs) pyroxenes. The impact melt-rich 

western inner flank of the crater, that appears “bright” in the radar images, is predominantly made up 

of high-Ca pyroxenes, whereas, the crater-adjoining mare-highland transition region with abundant 

knobby structures/features show LCP-bearing noritic lithologies. We also observed dominant matured 

highland soil/regolith portions (felsic deposits) along the north western part of the crater rim, which 

could indicate the presence of highland ejecta from some nearby large impact crater(s), that are in 

sharp contrast with the western and southern melt-rich mafic deposits. However, unlike at the western 

flank, we did not observe such dominant highland composition at the eastern flank of the crater rim. 

The impact melt flow veneers associated with debris flow/avalanches observed along the eastern flank 

of crater rim from NAC images are characterized with high circular polarization ratio (CPR) values 

from both L- and S-band radar data suggesting that the thin surficial veneers are clast-enriched. This 

is also supported from IIRS observations along the western flank of the crater which revealed 

prominent absorption features of pyroxenes that are otherwise not seen in impact melt spectral 

signatures.  

 

References: [1] Huang Q. et al. (2014) Icarus, 243, 48-57. [2] Huang Q. et al. (2020) EPSL, 542, 

116301. 
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Imaging Infra-red Spectrometer (IIRS) was flown onboard Chandrayaan-2 (CH-2). The sensor has 

been designed to primarily operate in the infrared region of the electromagnetic spectrum (from ~700 

nm up to ~5000 nm, divided into 256 contiguous bands). Initial results from IIRS have been presented 

by [1] and [2]. IIRS follows upon the legacy of HySI (HyperSpectral Imager) that was flown aboard 

Chandrayaan-1 (CH-1) whose photometric correction was recently accomplished [3] and vastly 

improves upon the sensing range of HySI (430 nm to 964 nm) as well as M3. One of the major 

differences between IIRS and HySI is that IIRS is designed to capture the spectral information of the 

surface beyond 1-μm allowing better identification and discrimination of numerous mineral signatures 

on the lunar surface. However, a proper spectral characterization of the surface requires converting 

radiance to apparent surface reflectance and finally to the true surface reflectance which includes 

rectifications like topographic, geometric and thermal corrections in case of bands beyond 2-μm. The 

conversion of apparent reflectance to true reflectance is called photometric correction and this includes 

a series of steps that are necessary in order to generate photometrically corrected data before full-

fledged spectroscopic studies of the lunar surface can be performed using IIRS data. 

IIRS images were selected to perform a preliminary photometric correction of VIS and NIR bands 

below 2-μm. The data was chosen from the surroundings of the Apollo 17 landing site for the purpose 

of comparison of derived reflectance values with HySI and M3 after photometric correction. Prior to 

the photometric correction, the image was geometrically rectified. 58 bands were subset from the raw 

image in such a way that the bands up to 2-μm were included. Bands up to 2-μm were considered since 

thermal correction would be necessary beyond this wavelength owing to thermal emission from the 

lunar surface beyond this wavelength [4]. For the purpose of validation, bands 15 (948 nm) and 48 

(1504 nm) were sampled out from the image cube. Results reveal that the photometrically corrected 

image removed much of the inherent noise from the image in the chosen bands and thus, the rectified 

image is significantly better than both the radiance (raw image) and apparent reflectance (RADF 

image). Upon comparison with RADF values obtained from HySI for approximately the same area, it 

was found that the reflectance of the final image increased significantly, the ratio (true 

reflectance/RADF) of which ranged from ~4.28 to ~4.61 for IIRS and ~6.78 for HySI. 
References: 
[1] Chauhan, P., Chauhan, M., Verma, P. A., Patil, A. N., Parashar, A. K., Kumar, A. & Kumar, A. K. (2021). Unambiguous detection of OH and H2O 
on the Moon from Chandrayaan-2 Imaging Infrared Spectrometer reflectance data using 3 μm hydration feature. Current Science, 121(3), 391. [2] 

Chauhan, M., Chauhan, P., Thangjam, G., Bhattacharya, S., Dagar, A., & Dhingra, D. (2021, March). Mineral Detection Using Chandrayaan-2 Imaging 

Infrared Spectrometer (IIRS): Some Initial Results. In Lunar and Planetary Science Conference (No. 2548, p. 1907). [3] Bose, S., Lala, M. G. N., & 
Krishna, A. P. (2022). Photometric Correction of Images of Visible and Near-Infrared Bands from Chandrayaan-1 Hyper-Spectral Imager (HySI). Earth, 

Moon, and Planets, 126(1), 1-33. [4] Besse, S., Sunshine, J., Staid, M., Boardman, J., Pieters, C., Guasqui, P.& Li, J. Y. (2013). A visible and near-

infrared photometric correction for Moon Mineralogy Mapper (M3). Icarus, 222(1), 229-242. 
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The characterization of rocky exoplanet atmospheres is a key priority of the astronomical 

community, but this search requires understanding of the UV spectral energy distribution (SED) of the 

host star. Stellar UV mediates atmospheric escape, atmospheric photochemistry, and planetary 

habitability, and observations of exoplanet atmospheres can only be understood in the context of the 

UV SED of the host star. The Hubble Space Telescope (HST) is the main facility for the 

characterization of the UV SEDs of exoplanet host stars, particularly the observationally-favorable but 

poorly understood M-dwarf stars that are the only plausible targets for rocky planet atmospheric 

characterization in the next 1-2 decades. However, HST is approaching the end of its lifetime, raising 

the risk that we will lack the contextual SEDs required to interpret future spectra of rocky exoplanet 

atmospheres.  

Here, we demonstrate the utility of ASTROSAT UVIT for characterization of the UV SEDs of 

exoplanet host stars. We present pioneering observations of the nearby M-dwarf HIP 23309 in the 

FUV and NUV grisms of UVIT. Our NUV spectra are stable between orbits and our FUV spectra are 

consistent with contemporaneous HST data (Fig 1), demonstrating the suitability of UVIT for such 

observations. To demonstrate the applications of such data, we apply our measured spectra to 

simulations of atmospheric escape, photochemistry, and habitability for a hypothetical rocky planet 

orbiting HIP 23309, and show the controlling role of the UV radiation field. Our work validates UVIT 

as a tool to complement HST in characterization of exoplanet host stars, and means that the key 

contextual SEDs can be constrained even if HST fails. We advocate for the retention of UVIT-like UV 

spectral capability in ASTROSAT-2 and/or INSIST.  

 

Figure 3: Contemporaneous far-UV spectra of HIP23309 from UVIT (green data) and HST (blue data). Also shown are the HST data 

degraded to UVIT resolution. The UVIT and HST data match well, indicating the suitability of UVIT for UV spectral characterization 

of M-dwarf stars. 
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 Impacts are prevalent in the solar system and have played a profound role in the evolution of the 

solar system bodies. Moreover, the delivery of prebiotic compounds through impact events is a crucial 

step in developing habitable conditions on a planetary surface [1, 2]. Therefore, impact events are 

crucial in our understanding of the origins of life on Earth and elsewhere. Icy bodies in the Solar system 

are the next potential target for searching signatures of life. Given the ubiquity of the impact 

phenomenon, these icy surfaces must have felt hypervelocity impacts as evident from the mark of 

various impact features. We carried out hypervelocity impact experiments using light gas gun facility 

at the University of Kent. A one mm spherical stainless steel projectile was fired at amino acid glycine 

embedded in water ice with velocity 5 km s-1, and imparting peak pressure of approximately 30 GPa. 

The ejecta material after impact is analyzed using SCXRD (Figure 1). The crystal structure obtained 

during the impact experiment has led to the α-form of glycine, which is the most common and the 

polymorphic form of glycine. The crystal structure consists of strong hydrogen bonds between the 

glycine chains, forming a closed loop 3D network. The intermolecular N-H---O interaction stabilizing 

the network. The obtained crystal structure belongs to the P21/n space group, β=111.7 (monoclinic) 

revealing an isostructural nature with the already reported polymorph of α-glycine [3,4]. Further, to 

quantify all the intermolecular interactions and their energies in the crystal packing, Hirshfeld analysis 

and two-dimensional fingerprint plot analysis is carried out. 

Figure 1: [Left] Ejecta sample mounted onto the 500 µm holder, [Center] Crystal packing of glycine, 

and [Right] Hirshfeld analysis (dnorm). 

 

The preliminary results suggest the plausible formation of biomolecular crystals from hypervelocity 

impacts. Such a formation might lead to the chemical transfer between the moons of the icy giants as 

these biomolecular dust are relatively stable to the extreme conditions. 

 

References:  

[1] Chyba, C. and C. Sagan (1992) Nature, 355(6356), 125-132. [2] Osinski, G. R., et al. (2020) 

Astrobiology 20(9), 1121-1149. [3] Itaka, Y. (1961) Acta Cryst., 14, 1-10. [4] Albrecht, G and Corey, 

R.B. (1939) J. Am. Chem. Soc., 61 (5), 1087-1103. 
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There are three main hypotheses on the origin of diamond in ureilites and iron meteorites: (a) impact 

shock related conversion of graphite to diamond [1,2]; (b) formation of diamond by chemical vapor 

deposition (CVD) from the solar nebular gas [3]; and (c) growth of diamond under high static pressure 

inside a planetary body [4,5]. Ramlat Fasad (RaF) 546 (preliminary name) is a unique EL3 enstatite 

chondrite found in Oman containing numerous platy and microcrystalline diamond grains up to 250x45 

µm in size. The meteorite is low shocked (S1) and one of the few low-shocked meteorites where large 

diamond grains are found. We studied the carbon-phases (graphite+diamond) within RaF 546 using 

focused ion beam-scanning electron microscope (FIB-SEM) and transmission electron microscope 

(TEM) in order to understand their mode of origin. TEM results show that the diamond grains are 

nanopolycrystalline with grain size ranging from 50-500 nm. Many grains of diamond show numerous 

dislocations and defects which gives rise to extra reflections in the diffraction pattern that can be 

attributed to lonsdaleite. The crystallites of diamond are separated by bands of graphite which are 

disordered. Numerous inclusions of Fe,Ni-metal, FeS, Fe-phosphate and chromite are present within 

the diamond and graphite grains. Based on the presence of similar inclusions within diamond grains 

in an Almahata Sitta fragment, [5] proposed that the parent inclusions formed under 20 GPa inside a 

Mercury- or Mars-sized parent body. However, as also proposed by [2], these inclusions can form 

during shock-induced conversion of graphite to diamond. During an impact shock the Fe-bearing 

phases adjacent to graphite are melted and injected into the graphite and act as a catalysis for the 

transformation of graphite to diamond. The growing diamond can easily incorporate the metallic melt.  

This study shows that the nanopolycrystalline diamond grains most likely formed from graphite 

grains due to the catalysis effect by a coexisting Fe-Ni-S-P-Cr-rich liquid during an impact shock 

event. The peak shock pressure during the impact could have ranged from 5-15 GPa. The shock 

features within the silicate grains were erased during post shock annealing as seen in many ureilites 

[6].   

 

References: [1] Lipschutz M. E. (1964) Science, 143, 1431-1434. [2] Nestola F. et al. (2020) PNAS, 

117, 25310-25318. [3] Matsuda J. I. et al. (1995) GCA, 59, 4939-4949. [4] Urey H. C. (1956) ApJ, 

124, 623-637. [5] Nabiei F. et al. (2018) Nat. Commun., 9, 1-6. [6] Rubin A. E. (2006) MAPS, 41, 125-

133.   
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The Moon's ancient basaltic volcanic surface is cryptomare, which is hidden by ejecta from highland 

material due to neighboring impact cratering events. The cryptomare volcanic event is dated to have 

occurred at ~3.9 Ga ago [1], but the age of the ancient mare was estimated to be more than ~4.35 Ga 

from lunar meteorite Kalahari 009 [2]. Therefore, studying cryptomare will allow understanding the 

lunar geologic and thermal history, the onset of mare volcanism and evolution with time. Since 

pyroxene is the most important constituent of lunar mare [3], investigating the absorption feature of 

pyroxene in visible to near-infrared wavelengths that is actually because of the atomic/ionic chemistry 

can provide valuable information to the magma genesis. Major cations responsible for absorption 

bands in pyroxene are Fe2+, Ca2+, Mg2+ in their crystal lattice. Orthopyroxene (low calcium pyroxene) 

is characterized by ~0.9 µm and ~1.9 µm absorption features, while clinopyroxene (high calcium 

pyroxene) shows >0.95 µm and >2.05 µm absorption features [4].  

Here we are studying the distribution of pyroxene in the Bhabha crater of the SPA basin, mare, 

and nearby crypto mare. It is worth mentioning that cryptomare in lunar South Pole-Aitken (SPA) 

basin and its pyroxene abundance makes this area more interesting [5].We use Moon Mineralogy 

Mapper (M3) from Chandrayaan-I to analyze mineralogy. Spectral parameters such as band depth and 

band center are calculated and compared with synthetic pyroxene sample spectra [6]. Our initial result 

suggests the central peak of the Bhabha crater shows the dominance of orthopyroxene, which indicates 

it may have originated from a source rich in deeper-crust/mantle origin. Spectra collected from the 

crater's rim lie within the clinopyroxene field and some out the field. It could be due to mixing effects 

with the nearby lithology of mafic nature. Spectra collected from outside the crater has a wider range 

in composition in the clinopyroxene field while cryptomare has a narrower range in composition and 

overlaps with part of mare composition. Detailed work is in progress investigating the variability of 

spectral absorption and the dominant cation field of pyroxene in the surrounding mare and cryptomare 

areas.  

References: [1] Whitten J. L. and Head. J. W. (2015) Icarus, 247, 150–171. [2] K. Terada, M. Anand, 

A.K. Sokol, A. Bischoff, Y. Sano, Nature, 450,849–852, 12(2007). [3] Klima, R.L., Dyar, M.D., and 

Pieters, C.M (2011) Meteoritics & Planetary Science 46 379-395. [4] Cloutis, E. A., & Gaffey, M. J. 

(1991). Journal of Geophysical Research, 96(E5), 22809. [5] D.P. Moriarty and C. M. Pieters.Journal 

of Geophysical Research: Planets, 123:729–747, 3 2018. [6] Klima, R.L., Pieters, C.M., Dyar, M.D., 

(2007) Meteoritics & Planetary Science 42, 235–253.  
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Generations of people have looked up at the night sky, seen shooting stars and immortalized them in 

folklore, while pondering where they came from. In 2010, NASA funded the Cameras for Allsky 

Meteor Surveillance (CAMS) project to map, monitor and find out the origin of meteor showers. 

CAMS uses low-light video security cameras to triangulate the path of meteors and determine their 

speed, direction of approach, and their orbit in space. In recent years, CAMS has used Machine 

Learning techniques, like a high recall CNN-LSTM variation, to recognize meteors among other 

lights in the sky which has helped scale up CAMS to a global network of over 600 cameras. The 

global coverage aims to monitor as much of the night-time sky as possible during all hours of the day 

as far as the astronomical conditions and weather allow. Today, however, CAMS still has a gap in 

coverage in the North-Eastern hemisphere. Students from India raised funds via a public fundraiser 

to patch that gap, by building a CAMS network in India. The project has the additional aim to 

nurture scientific disciplines of planetary science, astrophysics and artificial intelligence, not only by 

the participating students, but also by involving citizen scientists via local planetariums and 

museums. Students gain opportunities to work on Machine Learning pipelines, by working on 

perfecting astronomical observations that are possible as citizen scientists. We will present the 

CAMS India network, its status of development and first results, the new student-build CAMS 

Meteor Shower Web Portal that visualizes the data results, as well as future collaboration plans.  

 

 

CAMS India team with the instruments needed to Set-up one of the stations of CAMS India 

Network. 
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Abstract 

 In this paper we have studied the characteristics of Venus and Mars’ ionopauses observed by 

Pioneer Venus Orbiter (PVO) and Mars Atmosphere and Volatile Evolution (MAVEN) respectively. 

It is found that Mars and Venus should have three steep ionopauses like boundaries: (1) low, (2) mid 

and (3) high ionopauses at altitude range 300-400 km, 600-700 km, and 1000-1200 km respectively. 

These measurements demand a source mechanism to understand the physical, chemical and dynamical 

processes in the upper ionospheres of these planets. The plasma investigators defined a density 

ionopause (DI) by a sharp ‘gradient’ in plasma density at an altitude, where the density falls to ~100 

cm-3. The magnetometer investigators defined a pressure ionopause (PI), where plasma pressure is 

balanced by the magnetic field pressure. There are three main objectives of this paper: (1) To access 

under which circumstances of Venus and Mars ionopauses were formed, both in regions where there 

are strong magnetic fields, as well as where the fields are small, (2) What are the effects of solar wind 

dynamic pressure on either the altitude and the occurrence probability of the abrupt changes in the ion 

and electron densities observed by MAVEN and PVO?, and (3) What are the formation mechanism of 

the daytime and nighttime ionospheres of these planets at high altitudes near the terminator.  
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The interaction of Venusian ionosphere with solar wind and interplanetary magnetic field  creates a 

pseudo-magnetosphere that deflects the shocked solar wind plasma around Venus. This acts as a 

magnetic barrier. The modes and mechanism of the transfer of energy and momentum from solar wind 

to Venusian ionosphere, therefore, depends on the nature of this barrier, its extent, the depth of solar 

wind interaction into the ionosphere through it. In this context, study of Venusian ionosphere during 

varying space weather conditions becomes essential to understand these processes. In this context, the 

impact of a few space weather transients on the spatio temporal evolution of the Venusian ionosphere 

has been explored using the Venus Express (VEX) measurements. The impact on Venusian ionosphere 

has been examined on case study basis. The results of this study will be presented and discussed.  
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Spinels are oxide group minerals with divalent Fe and Mg in the tetrahedral site and trivalent Fe, 

Cr, and Al in the octahedral site of the spinel structure. Magmatic spinels crystallize directly from 

ultramafic magma, and therefore, their chemical composition provides information about their source 

composition and history (e.g., Irvine, 1965). Chromite is notable within the spinel group because of its 

role as a petrogenetic indicator, particularly for determining magmatic conditions at the time of initial 

crystallization (e.g., Barnes and Roeder, 2001). Though orbital detections of spinels are limited, spinels 

and other oxide phases were identified from different source rocks such as basalt, breccia, soil, 

troctolite, composite, crustal cataclasite, and unclassified materials in returned lunar samples and lunar 

meteorites. The spinel data in various rock types have been compiled (~4500 data) from published and 

unpublished sources to better understand the compositional variations in lunar spinel-group minerals. 

The study looks at the different compositions of chromite, ulvospinel, and spinel found in lunar rocks 

and how the spinels found in rocks on Earth relate to those found on Moon. We compare the variation 

in spinel-group mineral composition from different lunar rocks to that seen in various terrestrial 

magma types. The compiled chemical data show that lunar spinels are mainly chromites or Cr-spinels, 

ulvospinels, chromian ulvospinels, and Mg-Al spinels. Chromite or Cr-spinels and ulvospinels are 

abundant phases in lunar rocks. Basaltic rocks and soil samples are rich in Cr spinels, whereas breccia 

and troctolites mostly contain aluminum spinels. Ulvospinel compositions from basalts, meteorites, 

breccia, and soil samples fall in the terrestrial spinel gap region. The Cr# in ulvospinels varies at nearly 

constant #Fe2+ and vice versa. The Fe3+# also varies over an almost constant TiO2 for lunar ulvospinels. 

Aluminum spinels show higher abundances of Mg#. Lunar spinels show four unique compositional 

trends and three major compositional discontinuities. There is a complete solid solution series between 

the two endmembers, as indicated by the ulvospinel-chromite group. The bimodal distribution between 

chromites and ulvospinels in basalts, soil samples, olivine meteorite, and basalt meteorite indicates 

that these compositions are primary crystallization products (Haggerty, 1971). The intermediate 

compositions can be formed by rapid quenching or metastable crystallization. Since impact activities 

are common on the Moon, the spinels of intermediate compositions can form by subsolidus 

recrystallization. In comparison with the terrestrial spinels, lunar spinel compositions strongly overlap 

with those from boninites. These compositions have features between boninite and komatite, with a 

general similarity to boninites, however, a broad range of Cr3+ extends to less Cr-rich compositions. 

Chromites found in komatiite and boninite fields indicate initial crystallisation from primitive, 

unfractionated mantle-derived magmas (Barnes and Roedder, 2001). The high Cr content can be 

attributed to melt composition in both situations, as both the magmas have high Cr:Al ratios. The Cr-

enrichment in boninites is due to earlier depletion of the mantle source, whereas that in Al-depleted 

komatiites is due to Al retention in the source by majorite garnet. The significantly reduced character 

of the komatitic chromites is related to magma composition, and it could eventually represent the 

mantle source. The geological controls on these lunar spinels, such as the interaction between the co-

existing olivine and pyroxene phases, are yet to be understood well. Future studies using orbital data 

and future returned samples will put better constraints on these inferences. 

References:[1] Irvine (1965) Canadian Journal of Earth Sciences, 2 (6), 648–672. [2] Barnes P. L. and 

Roeder (2001) J. Petrol., 42, 2279–2302. [3] Pieters S. et al. (2011) JGR Planets, 116(E6). [4] Haggerty 

(1971) Nature Phys. Sci., 233 156–160. 
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Images of a horizontal glow on the Moon obtained by Surveyors 6 and 7 [1] and seen by Apollo 

17 astronauts were a sign of dusty plasma environments over the Moon, where sunlight is scattered by 

charged dust particles floating near the lunar surface [2]. Being an airless planetary body, the Moon's 

surface directly interacts with solar radiation, solar wind, and terrestrial magnetospheric plasma. 

Continuous micrometeorite bombardment makes the lunar surface dusty. Under direct exposure to 

solar radiation, photoelectrons are emitted from the sunlit lunar surface. Due to the combined effect of 

dominant photoemission, solar wind, ambient plasma collection, the sunlit lunar surface and floating 

dust particles acquire positive charges. The photoelectrons and floating charged dust form a dusty 

photoelectron sheath in the vicinity of the lunar surface. The floating charged dust maintains a dynamic 

equilibrium within the sheath and gives rise to the phenomenon of dust levitation [3].  

This presentation gives an analytical formulation of the photoelectron sheath formation and 

comments on the possibility of charged dust levitation. The justified solar spectrum, solar wind flux, 

Fermi Dirac distribution of the photoelectrons have been taken in the formulation. Moon’s surface 

potential is determined by balancing the photoelectrons and solar wind plasma accretion currents. The 

sheath's potential and electric field profiles are determined by numerically solving Poisson's equation 

with appropriate boundary conditions. It has been found that photoelectron sheath is a significant 

function of solar radiation flux and spectrum, solar wind plasma, surface temperature, properties of 

the surface material, and the angle of inclination of the solar radiation. Photoelectron sheath is sharper 

and denser in the equator. The density gradually decreases as one goes to the terminator. The sheath is 

noticed to be sustained at larger altitudes for larger lunar latitudes [4-5]. After that, the charging 

currents connected with floating dust particles are calculated. These charging currents undergo natural 

random fluctuations. In addition, the anisotropic photoelectron population and electric field/ potential 

make the charge on the floating dust to be distributed over a wide range (∼100 e). An altitudinal 

variability (approximately 10%) in the mean location within the sheath is caused by a change in the 

static equilibrium of the floating dust particles due to this charge fluctuation. At higher latitudes 

(around the terminator zone) and greater lunar altitudes, the effect of dust charge and consequent 

altitudinal oscillations has been observed to be strong [6]. The hypothesis and results suggest that the 

natural fluctuation of the dust charge may be one of the reasons why strict dust levitation under static 

force equilibrium is less likely to occur over sunlit lunar surfaces. Predictions based on natural dust 

charge variations could be useful in planning test trials for future lunar exploration missions. 

References: [1] Rennilson J. J.  and Criswell D. R. (1974) Moon, 10(2), 121-142. [2] Zook H. A. 

and McCoy J. E. (1991) GRL, 18(11), 2117-2120. [3] Colwell J. E. et al. (2007) Rev. of Geophys., 

45(2). [4] Sodha M. S. and Mishra S. K. (2014) Phys. Plasmas, 21(9), 093704. [5] Mishra S. K. and 

Bhardwaj A. (2019) APJ, 884(1), 5. [6] Mishra S. K. and Sana T. (2021) MNRAS, 508(3), 4332-4341. 

 

 

 

 

 

 



INDIAN PLANETARY SCIENCE CONFERENCE (IPSC-2022) 

Page | 87  

Go to Index 

Impact crater with fluvial deposits in Ma’adim Vallis region, Mars: Insights into its 

hydrological history 
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Alluvial fans, a form of fluvial deposit on Mars, provide an understanding of the water-rich history of 

the planet. Alluvial fans are discrete landforms formed by the deposition of sediments transported by 

flowing water [1]. The hydrological history can also be studied through preserved mineralogy of the 

region.  

In this study, we focus on the diverse geomorphology and mineralogy of an unnamed crater (diameter 

~ 22km) that impacted on the wall Ma’adim Vallis, Mars. Ma’adim Vallis is an irregular flat floor 

valley incised due to outflow of water from the Eridiana basin region [2]. We used Mars 

Reconnaissance Orbiter (MRO)-Context Camera (CTX) and High Resolution Imaging Science 

Experiment (HiRISE) images for geomorphological mapping. MRO-Compact Reconnaissance 

Imaging Spectrometer for Mars (CRISM) is used for mineralogical analysis and Mars Global Surveyor 

(MGS) - Mars Orbiter Laser Altimeter (MOLA) is used for topographical analysis. The unnamed crater 

hosts an alluvial fan of area ~ 50 km2 and the rim of the crater is breached at multiple locations. The 

spectral signatures obtained from the alluvial fan show absorptions pertaining to Mg rich smectite, and 

the spectra obtained from the rim and floor of the crater indicate the presence of Mg rich olivine. Mg 

smectite was plausibly transported through water or formed in-situ while the region was initially rich 

in Mg olivine. The Crater Size Frequency Distribution (CSFD) plot of the unnamed crater suggests an 

age of   ̴ 3.7 Ga. This age represents the crater retention age of the crater and suggest that the crater 

was formed during Noachian /Hesperian period or earlier, probably witnessing the last stage water 

activity in the vallis. Overall, this study substantiates episodic water activity in Ma’adim Vallis which 

is a source for rim incision and fluvial deposits within the unnamed crater and has implication in 

understanding hydrological history of the region. 

 

References: [1] M. Moore and D. Howard (2005), JGR, 110, E4. [2] Irwin III, R.P. et al. (2004) JGR, 

109, E12009.   
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 Dust has a strong impact on Martian atmosphere's thermal and dynamical state, thus affecting the 

climate and environment of Mars. Dust laden convective vortices, called dust devils, are a source of 

dust injection into the atmosphere. But the characteristics and relative dust loading within the dust 

devils, are not well understood. 

We identify short pressure drops (≥0.3 Pa) that likely indicate the passage of convective vortices or 

dust devils, from measurements by the REMS instrument on the Mars Science Laboratory (MSL), 

onboard the Curiosity rover. For MY33, we detected about 611 vortices in Gale Crater. As a first of 

its kind study, we use simultaneous data of a UV-logger on board the MSL and show that out of the 

611 vortices, 63 were dust devils. These and other characteristics of the devils (such as seasonal 

variability), studied by us, give insight into the spatio-temporal domains favouring formation of dust 

devils[1]. 

We have developed a comprehensive numerical model for the first time, to study the spatial 

distribution of dust within a dust devil, by using equations of motion for dust particles and Navier 

Stokes equations. Later, we use continuity equation to determine the dust loading within that vortex. 

We study the effect on dust aerosols of different size. Boundary conditions, based on my earlier 

research with over two decades of Mars dust observations, were used to constrain these dust devils. 

Our results indicate that major particle load within steady state dust devil is near the surface and at the 

boundary of the core[2]. 

[1] Shefali Uttam, Varun Sheel, D. Singh, C. E. Newman, M. T. Lemmon (2022) PSS, 213, 105430. 

[2] Varun Sheel, Shefali Uttam, S.K. Mishra. (2021) JGR Planets, 126, e2021JE006835. 
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Laboratory investigations on the possible role of PANHs in the upper atmosphere of Titan 
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Occurrence of organic molecules, particularly polycyclic aromatic molecules (PAH) and their 

nitrogenated derivatives (PANH), in various members of our solar system has generated strong interest 

among researchers in the last two decades. Energetic radiation from the sun processes raw material in 

dense environments around planets, moons or comets into complex and sometimes biologically useful 

substances. In this context, the Cassini-Huygens mission has provided very important details of the 

composition of the upper atmosphere of Titan [1]. Apart from several important but small molecules, 

the mission detected a large abundance of heavier molecules and ions separated typically by 12 to 14 

amu [2]. Several nitrogen containing aromatic and aliphatic hydrocarbons are expected to contribute 

to this population. Radio astronomical observations are contributing to our understanding of what 

exists in the upper atmosphere of Titan. However the processes leading to the observed neutral and 

ionic composition of Titan atmosphere needs to be deduced on the basis of laboratory experiments 

with EUV radiation and charged particles interacting with various constituent molecules.  

The interaction of energetic radiation with nitrogen containing aromatics may help in 

addressing some of the unexpected observation. For example, the interaction of radiation with PANHs 

offers a possible explanation for the presence of the most abundant ion, HCNH+, seen in the upper 

atmosphere of Titan[2]. Similarly, mechanisms for the formation of HCN, HNC, HC3N, etc. need to 

be addressed. The production of HNC or HCN has already been predicted where the interaction of 

energetic radiation with organic molecules  is possible [3]. 

A series of experiments are being conducted using VUV synchrotron radiations and high 

energy proton collisions with representative PANH, Quinoline. The work presented in this poster is 

focused on photoelectron-photoion coincidence (PEPICO) measurements at photon energies of 37 and 

50 eV. Almost all the decay products observed in this experiment are seen in the upper atmosphere of 

Titan. In addition, several interesting energetic features observed in this experiment may have 

implications on the atmospheric compositions of Titan. The investigation is now being expanded to 

incorporate other PANHs to identify any common radiation processing mechanism across the broader 

family of PANHs.  

References:  
1. S. A. Sandford et al. 2020, Prebiotic Astrochemistry and the Formation of Molecules of 

Astrobiological Interest in Interstellar Clouds and Protostellar Disks, Chemical Reviews 120 (11), 

4616. 

2. T. E. Cravens, et al. ,2006, Composition of Titan’s ionosphere, Geophys. Res. Lett, 33, L07105. 

3. R. Moreno, et al., 2011,First detection of hydrogen isocyanide (HNC) in Titan’s atmosphere. Astron. 

Astrophys. 536, L12. 
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Presence of water-ice in the Hermite-A lunar crater has been a source of debate for quite a long time. 

Previous analysis has utilized Mini-RF and compact-polarimetry data to establish [1-2] or refute [3] 

the presence of water-ice in the pole-facing region of the crater. However, due to lack of full-

polarimetry data, this remains a source of controversy. Chandrayaan-2 Dual Frequency Synthetic 

Aperture Radar (DFSAR) has collected full-pol data of the region by imaging in L-band (wavelength 

of 24cm) [4] which is ideal for detection of volatiles present in the surface regolith. The L-band data 

has been analyzed by using the standard analysis technique of Stokes Child Parameters. In particular, 

the co-pol (HH, VV) and the cross-pol terms (HV, VH) of the complex scattering matrix obtained from 

the dataset by utilizing MIDAS tool; this data was converted to the stokes vector using Python. Finally, 

azimuth multilooking was done (ML Factor 38) to average out the data by reducing the speckle. The 

stokes vector are used for calculation of Circular Polarization Ratio (CPR).  

Our analysis suggests that, the crater is anomalous due to high interior CPR (0.73±0.23) as compared 

to its exterior (0.39±0.19). The average high CPR (~0.73) in the crater interior, associated with the 

anomalous nature of the crater, hints towards possible presence of water-ice. At the same time, the 

enhanced CPR may also arise from the presence of wavelength scale rock particles. To resolve this 

duality, the native DFSAR L-band full-pol data was processed to determine specific full-polarimetric 

child parameters like Single-bounce Eigen-value Relative Difference (SERD) and T-ratios. These 

parameters are important because they show a strong relation to the roughness and dielectric constant 

respectively [5-7]. Considering a combination of CPR, SERD and T-Ratios, an inference of low 

dielectric constant, low roughness and high CPR, will most-certainly point towards water-ice presence. 

References: 

[1] O. P. N. Calla et al., (2016) IEEE Geoscience and Remote Sensing Letters, 13(7):926–930, 2016. 

doi:10.1109/LGRS.2016.2554282.  

[2] Ankita Vashishtha and Shashi Kumar, Quaternary International, 575-576:338–357, (2021) SI: 

Remote Sensing and GIS Applications in Quaternary Sciences. doi:10.1016/j.quaint.2020.08.018.  

[3] Niutao Liu et al., (2018) IEEE GRSL, 15(10):1485–1489, doi:10.1109/LGRS.2018.2852139.  

[4] Sriram S. Bhiravarasu, et al., (2021) The Planetary Science Journal, 2(4):134, 

doi:10.3847/psj/abfdbf.  

[5] Allain et al., (2005), IEEE IGARSS.  

[6] Baghdadi et al. (2012), IEEE TGRS, DOI: 10.1109/TGRS.2012. 2185934.  

[7] Hajnsek et al. (2003), IEEE TGRS, DOI: 10.1109/TGRS.2003.810702. 
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A New Meteorite with Fusion Crust found in the Chennai Neighbourhood 
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Meteor showers have always fascinated us. Though sightings of meteors are numerous, only a small 

percentage are large enough for the macro-scale remnants of meteorites to survive all the way to ground 

level. Meteorites are importance to understand the history of the solar system. Therefore, searching for 

meteorites is regularly carried out around the globe. Tracking a meteorite fall and recovering fragments 

before terrestrial weathering overprints primary mineralogical and geochemical features is crucial. 

However, the wide majority of meteorites are found to have fallen in the past and have gone unnoticed 

for a potentially long time.  

 

 

 

 

 

 

 

 

 

 

 

Figure 1: (Left) Photograph of the new meteorite find with the partially weathered fusion crust and 

(Right) µCT scan of a small piece (~ 1 cm) showing a clear petrofabric of the densest material (bright 

spots). A chondrule is visible towards the lower right. 

 

At the time of one of our searches for meteorites on the outskirts of Chennai, in Thirumullaivoyal, 

we stumbled upon a large piece of rock, approximately 20 cm long on one side and weighing nearly 2 

kg, that appears to have lustrous layer on its surface (Figure 1). A closer examination shows that the 

blackish glassy surface is in fact a partially weathered fusion crust. This piece would have fallen long 

ago and a good amount of the fusion crust is lost in the weathering process.  

 

The µCT scan allowed us to produce a 3D density model of the sample with a voxel resolution of 

approximately 10 micron. The CT scan of a small piece shows a clear petrofabric of the densest 

material, probably Fe, Ni metal and sulfides (Figure 1).  

 

The preliminary analysis of this newly found meteorite will be presented in this meeting. In the near 

future work on this meteorite will focus on its classification.  
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Abstract: Exoplanets possess a vast range of parameters, which include equilibrium temperature, 

radius, mass, orbital properties, and metallicity. These parameters have a considerable effect on the 

atmospheric composition of exoplanets [1]. One such parameter, which affects the atmospheric 

equilibrium abundance, chemical conversion time scales and the location of the quench level, is the 

atmospheric metallicity. To understand the effect of metallicity as the temperature and pressure change 

in the atmosphere, we ran a series of chemical equilibrium models to make a 3D grid in the 

temperature, pressure, and metallicity space. First, we studied the effect of metallicity on the 

equilibrium abundance and compared our results with the literature. Then we studied the effect of 

metallicity on the CH4-CO conversion time scale on the 2D T-P grid using a chemical network with 

H-C-N-O elements in the presence of transport [2]. We found that as the metallicity increases, the 

CH4/CO equal abundance curve shifts towards low temperature while the CO2/CO abundance curve 

shifts towards high temperature. However, the rate-limiting step in the conversion scheme between 

CH4-CO changes its region of dominance in the T-P space marginally. The quenching point of CO lies 

in the high-pressure region compared to the CH4 quenching point. The CO quenching point moves 

from low to high pressure region with increasing metallicity. The CH4 quenching point moves from 

high to low pressure region for moderately high metallicity ([Fe/H] < 300 x solar metallicity) and from 

low to high pressure region for high metallicity ([Fe/H] > 300 x solar metallicity).  

 

 

References:  

[1] Madhusudan N. (2019) Annu. Rev. Astron. Astrophys., 57, 617-663. [2] Tsai S. M. et al. (2017) 

ApJS, 228(2), 20.  
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 The Moon is considered to have formed in the aftermath of the cataclysmic giant impact event [1-

2]. The process resulted in the formation of an initial lunar magma ocean. Present work envisages to 

explore the extent of melting in the initial lunar magma ocean along with its early evolution. 

To access the domain, we ran simulations for our numerical lunar evolutionary models [3], and 

extracted the radial profiles of i) melt fraction, ii) density at several temporal-points. Subsequently, the 

global melt fraction was computed by mass-averaging the local melt fractions as shown in Fig 1(a). 

Melt fraction represents the quantum of magmatic liquid present in the Moon anywhere. Our 

simulations predict that the melt fraction falls for the initial two hundred years due to increased 

pressure caused by accretion, followed by a rapid fall for 104 years caused by fast convective cooling. 

A layer is assumed to be rheologically liquid if  

 

the local melt fraction is above 0.4. The mass fraction of the rheologically-liquid content in the 

Moon is represented in Fig 1(b). In our models, rheologically-liquid mass fraction decreases due to an 

increase in pressure for the initial 200 years. It is followed by status quo for the next 104 years on 

account of convective heat loss at melt fraction above 0.4 over the whole magma ocean. Thereafter 

quantity decreases as the convection recedes on account of solidification. 

References:  

[1] Canup R. M. et al. (2015) Nat. Geosci., 8, 918-921. [2] Sahijpal S. and Goyal V. (2018) MAPS, 

53, 2193-2211 [3] Goyal V. and Sahijpal S. (2022) Under-Review. 
 

 

 

Figure 4: Temporal evolution of (a) melt fraction, and (b) rheologically-liquid mass fraction, at several initial 

temperature of accreting moonlets, Tini, and efficiency of impact induced heating, h. 
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Dust storm events are known to impact the Martian ionosphere by lifting the ionospheric peak altitudes 

to higher heights which is caused by the expansion of neutral atmosphere. A regional storm event 

developed on the mid-latitudes of the southern hemisphere of Mars in August 2016 and gradually 

expanded to other latitudinal regions. When the electron density profiles measured by the Radio 

Occultaion Science Experiment (ROSE) onboard the MAVEN spacecraft during this storm periof were 

analyzed, it was found that the ionospheric peak shifted by ~20 km which is unusually large as 

compared to the typical ~10 km enhancement that occur during the storm events. The ehancement 

observed was even comparable to the ionospheric response to the 1971 global dust storm, the greatest 

dust storm Mars has ever witnessed [1]. In the present study, we analyze the MAVEN in-situ and radio 

occultation data to understand the possible reasons for the atypical ionospheric response to a moderate 

dust event. The primary aim is to  identify whether dust event was responsible for all of the observed 

increase in ionospheric peak altitude or whether some as-yet-unidentified factors are responsible for 

some of the observed altitude increase. In addition to data analysis, we also do photochemical 

modelling to understand the possible contributions from various factors such as seasonal effects, 

location of measurements etc.  

References: [1] Felici et al. (2018) JGR, 125, e2019JA027083. 
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In general, comets are enriched with water (H2O), followed by CO2, CO, etc. [1]. Ethylene glycol 

[(CH2OH)2] is one among the several organic molecules which have been detected in comets. Ethylene 

glycol (EG) was first detected in comet C/1995 O1 (Hale-Bopp) [2] and later in other comets like 

C/2012 F6 (Lemmon), C/2013 R1 (Lovejoy) [3], C/2014 Q2 (Lovejoy) [4] and 67P/Curyumov-

Gerasimenko [5]. While EG is commonly used as an antifreeze to prevent liquid H2O from turning 

into ice in terrestrial conditions, studies to understand the effect of the same EG on H2O ice in cometary 

and other astrochemical icy conditions are limited [6]. Hence, in this work, we investigate the behavior 

of EG and H2O mixtures at such extreme conditions using infrared spectroscopy. Since the OH peaks 

of H2O and EG overlap, it becomes very challenging to understand the effect of EG on H2O using IR 

spectroscopy. To overcome this challenge, we use D2O instead of H2O. It is also worthy to note that 

the deuterated water is also present in comets with deuterium-to-hydrogen ratio (D/H) values of the 

order of 10-4 [7][8]. 

In our experiments, Ethylene Glycol (>99% purity, Merck) and D2O (>99% purity, Fisher 

scientific), available as liquid, were used. The experiments have been carried out under low 

temperature (7 - 300 K) and ultra-high vacuum (~10-10 mBar) conditions using the SALT (Simulator 

for Astro-molecules at Low Temperature) setup housed at the Physical Research Laboratory, India. 

Mixtures of EG and D2O were deposited on a ZnSe substrate maintained at 7 K and the resulting ice 

was probed in-situ by FTIR spectroscopy using Thermo Scientific Nicolet iS-10 FTIR Spectrometer. 

The ice mixtures were then warmed to higher temperatures in a controlled manner using the Lakeshore 

335 temperature controller. Similar procedures were followed for pure EG and pure D2O ice 

experiments too. In this conference, we will be discussing some interesting results of the experiments 

and its influence in the context of comets. 

[1] Mumma, Michael J., and Steven B. Charnley. Annual Review of Astronomy and Astrophysics 49 

(2011): 471-524. [2]Bockelée-Morvan, Dominique, et al. Comets Ii 1 (2004): 391-423 [3] Biver, N., 

et al. Astronomy & Astrophysics 566 (2014): L5. [4] Biver, Nicolas, et al.Science Advances 1.9 (2015): 

e1500863. [5] Altwegg, Kathrin, Hans Balsiger, and Stephen A. Fuselier. Annual Review of Astronomy 

and Astrophysics 57 (2019): 113-155. [6] Hudson, Reggie L., Marla H. Moore, and Amanda M. 

Cook. Advances in Space Research 36.2 (2005): 184-189. [7] Biver, N., et al. Astronomy & 

Astrophysics 589 (2016): A78. [8] Hässig, Myrtha, et al. Science 347.6220 (2015): aaa0276. 
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The detection of C60 and C70 in interstellar environments signifies the search for other 

fullerene molecules and their derivatives. Since fullerenes show high reactivity with atomic 
H, there should be a dominance of their hydrogeneted forms in interstellar environments 
(Garcίa-Hernández et al. 2010 ) that can go through deuterium enrichment as well (Cataldo 
et al. 2009c).  
The infrared (IR) spectrocopy and standard enthalpy of formation for neutral and singly 

ionized hydrogenated and dueterated derivatives of C60 and C70 are presented using 

quantum chemical calculations. The calculated IR spectra is then compared with 
observations. 
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 The very first application of Mass spectrometry was in the discovery of electron by Thompson. 

From there, Mass spectrometry evolved in the fields of measuring the mass of atoms and demonstrating 

the existence of isotopes. Technological advancements miniaturized MS instruments for in-situ 

observations, thus allowing MS instruments to fly on-board space missions. Quadrupole Mass 

spectrometer(QMS) is one such mass spectrometer whose revolutionary contributions to planetary 

exploration science have been the quantification of gas mixing ratios and isotopic abundances in 

Jupiter's and Titan's atmospheres; measurements of exospheric ions, noble gases, and water eroded 

from the lunar surface; and characterization of atmospheric gases in the Martian thermosphere.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       

NIMS is quadrupole mass spectrometer being developed at PRL. It consists of the detector probe 

and its processing electronics. The Ionizer, Quadrupole Mass Filter, and Detector sub-assemblies 

constitute the Detector head. NIMS has an operational mass range of 2-200 amu and a peak width 

(m) of 0.5 amu. The detector head is enclosed inside a shield tube that also provides a common 

ground for the instrument. NIMS shall function in two modes: a) The Neutral Mode and b) The Ion 

Mode. The current development of the mechanical engineering aspects of NIMS is discussed below 

briefly: 

 

The successful mechanical design of NIMS ensures the following: 

 Structural topology optimization of components of NIMS without loss in functional 

performance of the instrument 

 Meeting the assembly requirements by providing appropriate physical, geometric and 

positioning tolerances for the components and addressing the sequencing of sub-

assemblies 

 Design assessment on the components and assembly for optimum structural loading, both 

quasi static and dynamic, as per mission specifications 

 Thermal design of the instrument for Thermal environment subjected to as per mission 

requirement 

 

The effects of each of the above considerations are realized in the terms of mass optimization, 

assembly interactions between components, static and dynamic load response of NIMS and thermal 

response of NIMS. These considerations shall be further elaborated in the poster. 

 

 

 

 

 

 

 

 

mailto:amogh@prl.res.in


INDIAN PLANETARY SCIENCE CONFERENCE (IPSC-2022) 

Page | 98  

Go to Index 

Mineralogical Investigation of Piplia Kalan Achondrite using micro-Raman technique 

 

Ananya Mittal1, Dipak Panda2 and Anil D. Shukla3 

 

1 Earth Science Department, Indian Institute of Technology, Roorkee, India 
2 Planetary Science Division (Thaltej Campus) Physical Research Laboratory, Ahmedabad, India 

3 Geosciences Division, Physical Research Laboratory, Ahmedabad, India 

 
*amittal@es.iitr.ac.in  

 

 

 

 

Raman spectroscopy is a very powerful, non-destructive, analytical technique which can be used for 

the characterization of the mineral phases present in the Earth and planetary materials. It is based 

upon the inelastic scattering of the light and provide information about the degree of crystallinity, 

unit cell parameter and structural and compositional variations of a mineral phase. Raman 

spectroscopy can be used for both in-situ or on site sample analysis as well as over long distances 

(>10m in some instances) using optical fibers. NASA- led MARS 2020 Rover has planned to fly 

Raman spectrometer named SHERLOC (Scanning habitable environments with Raman and 

Luminescence for Organics and Chemicals) for the detection of the minerals, organic molecules and 

potential bio-signatures. SHERLOC uses ultraviolet laser light to spot organic chemicals, thus 

proving its potential.  

 

In this work, Piplia Kalan eucrite meteorite samples were used to demonstrate the application and 

uniqueness of Raman spectroscopy to characterize the inorganic mineral phases present. Chemical 

analysis carried out using electron probe microanalysis technique (EPMA) and petrological 

observations showed that the major phases present in the meteorite sample were pyroxene and 

plagioclase feldspar. The characteristic peak for the diopside-augite mineral phase was obtained but 

the characteristic peak for the plagioclase (bytownite) phase couldn’t be seen through micro-Raman 

spectroscopy in the studied sample. This indicate that plagioclase mineral have transformed into 

maskelynite phase (glass phase) suggesting various degree of shock-pressure suffered by the 

meteorite in its sojourn in the parent body. 
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Abstract 

The Kardashev scale is a procedure by which we can detect the advancement in technology and the 

amount of energy our civilisation is consuming presently from planetary scale. Astrophysicist Nikolai 

Kardashev suggested that it is possible to distinguish civilisations based on their capability to harness 

energy from different stages: Type I- from planetary bodies, Type II- from star, Type III- from host 

galaxy. At present, our human civilisation consumes 17e+12 J/sec energy which places us at 0.72 as 

per 2015. In order for us to step up to Type I, total energy harnessed by us should be 1e+16 J/sec. 

Although the difference from 0.72 to 1 seems less, we have to keep in mind that the energy 

consumption has to increase by 1 million. Literature suggests a gradual hyperexponential curve in this 

concern. Along with these changes, the civilisation will undergo physical and thermodynamical 

transformations. There are various biochemical processes that will occur at different ecological trophic 

levels due to the abundance of complex polymer molecules. When two or more reactions are coupled 

such that thermodynamically favourable and unfavourable reactions combine, it overall results in a 

favourable reaction. For each phase transitions occurring, we can thermodynamically calculate 

temperature, pressure dependencies and other changes that are taking place in the environment at 

equilibrium. We have aimed to elaborate the energy consumption by a graphical approach, observe the 

physical, thermodynamical modifications. Detection of different kinds of civilization should be having 

renforcement of differential parameters to be incorporated into the conventional kardashev scaling 

system for deciphering grading, habitability and sustainability of intelligent civilization throughout the 

cosmos. 

 

Keywords: Kardashev scale; energy; civilisation; thermodynamical transformation 
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The advances in space technology has turned lunar resource exploration from being a far- fetched 

dream to a near - future prospect. Exploring resources and establishing a base camp near the 

prospective sites would be the fundamental need for advancing lunar exploration. The polar regions of 

the Moon are of significance due to the presence of surface water ice and volatile components in 

Permanently Shadowed Regions (PSRs). The low obliquity of the Moon indicates the existence of 

Predominantly Sunlit Regions at the poles where solar power can be harnessed. The present study has 

used the Digital Elevation Model (DEM) of the poles of the Moon to perform site suitability analysis 

for prospective site selection for the future landing as well as base camp establishment in the region. 

Landing sites near the poles would lead to analyses of samples preserved in subzero conditions. The 

study has attempted to identify suitable sites near the North and South poles based on the analyzed 

results of a suitable range of parameters. The average slope for the proposed landing site should be 

less than 15 degrees. A high value of topographic roughness would consume a large amount of energy 

and would be a constraint on rover mobility. The proposed sites with suitable topographic, elevation 

and illumination characteristics were analyzed utilizing the DEM derivatives of hill shade, surface 

slope and topographic roughness. The obtained results were interpreted for identifying the Permanently 

Shadowed Regions (PSRs) and adjacent areas of quasi - continuous illumination which would make it 

possible to use conventional power systems and on-ground base camp establishment sites for future 

manned and unmanned missions. These tools have also helped in classifying suitable slopes and 

roughness for construction of an establishment. AHP (Analytical Hierarchy Process) was applied on 

DEM derivatives based on their contributing factor, and their weights were multiplied to their 

respective values. Finally, the intersecting areas from the data were identified as the areas of interest. 

The data products used in this study are derived from the Lunar Orbiter Laser Altimeter (LOLA) of 

NASA’s Lunar Reconnaissance Orbiter (LRO) mission. The Digital Elevation Model of both poles of 

the Moon and a mosaic of the images generated using Wide Angle Camera (WAC) of LOLA payload 

on LRO are used for the identification of sites.  

Acknowledgements: Special thanks to the team of Planetary Data System (PDS) for providing the 

data of Lunar Orbiter Laser Altimeter (LOLA) used in this study. 
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Abstract: Meteorites are the representative materials which can tell us about the early Solar system 

processes and further evolution. Meteorites are the rock ejected from its parent objects due to inter-

collisions and gravitational perturbation. Meteorites divided into two types: Chondrites 

(undifferentiated) and Achondrites (differentiated). Further Chondrites can be subcategorized as- 

Ordinary, Carbonaceous and Enstatite based on petrological and mineralogical properties. The 

ordinary chondrites are the largest class of meteorites that fell on Earth; it is almost 87% of all 

meteorites collection. The group of H chondrites (high iron content, approx. 28%), L chondrites (low 

iron content, approx. 22%) and LL chondrites (low iron and low metallic iron) are collectively known 

as Ordinary chondrites [1].  

In our Solar system, the region between the Mars and Jupiter in which most of the asteroid are orbiting 

around the Sun known as asteroid belt. The asteroid belt probably contains thousands of asteroids. 

However, so far linkage between meteorites to parent asteroid body had confined source. Noble gases 

isotopic variations can give clue to link meteorites to its parent asteroid. We have to use the Ne three 

isotopic plot: 21Ne/22Ne versus 20Ne/22Ne, which allows us to identify prominent signature of 

implantation of either GCR, SCR or Solar wind. [2,3] 

Using the noble gases isotopes, we can relate meteorites to asteroid. Tool is the Cosmic ray exposure 

(CRE) ages of meteorites using latest production rate formula of cosmogenic 21Ne. We use the CRE 

age histogram to understand the meteorite-parent body(ies) connection. Secondly by matching the 

Reflectance spectra of existing meteorites with the available asteroid reflectance spectra to understand 

further their origins in terms of the physiochemical conditions of formation. [4,5] 
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Abstract: Interplanetary dust particles originate from the sources like asteroids and comets. Galileo 

was the first spacecraft to orbit an outer planet [1]. It was the first spacecraft to deploy an entry probe 

into an outer planet’s atmosphere [1]. Galileo spacecraft had a dust detection system [2], which was 

used to study physical and dynamical properties of interplanetary dust particles. Galileo dust detector 

system was used to collect the data, when the dust impact on the target of the detector. The dust detector 

was used to detect direct observations of dust grains with masses between 10-19 and 10-9 kg in 

interplanetary space [2]. Dust detection system measured mass, electric charges and velocity of 

incoming particles [3]. This article presents data analysis of dust data recorded by the Galileo dust 

detector [3]. First of all, the given DDS raw data [3] was filtered. Here the noise data was removed. 

Filtered data include the denoised data. By analysing the filtered data, we have derived the flux, mass, 

speed and number density in interplanetary space. It is found that that dust flux decreases as 

heliocentric distance increases, while mass and speed varies randomly.    
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Tholins a large family of complex polymerized substances which is abundantly available on 

many celestial objects in our solar system. They can be formed from polymerization of molecules like 

HCN, CH3CN, etc. Due to the very successful Cassini Huygens mission to Titan, its rich atmosphere 

has been the focus of intense scientific interest and a unique choice to study the formation of Tholins 

[1]. It is predicted that the radiation driven chemistry in the upper atmosphere of Titan drives the 

ultimate formation and the deposition of Tholins at the ground level. The upper atmosphere of Titan 

shows very complex day-night variation of ion densities[2]. This is attributed to the formation of 

relatively large organics molecules in the upper atmosphere which is supported by the in-situ 

observations of CAPS – ELS and CAPS- IBS payloads of the Cassini orbiter[1, 2]. But their exact 

formation mechanism is still not clear.  

Low temperatures in the Titan atmosphere can favour the formation of weakly bound 

molecules. These weakly bound complexes upon interaction with external radiation can form covalent 

structures [3]. This path of formation of large molecules can be one of the most probable routes. Hence, 

weakly bound dimer structures formed by the combination of minor abundant molecules on Titan are 

calculated in the present work. To find the significant dimers on Titan, a model is developed to simulate 

the formation of dimers using Monte Carlo method. The model considers a system of closed 

atmosphere of Titan with typical ambient conditions. The cross section for the formation of dimers in 

the simulation is calculated from the potential energy curves, one example of HCN and HCN dimer is 

shown in fig. 1. Formation of dimers containing HCN and other monomers are studied using this model 

and their populations are as shown in fig. 2. 
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5Figure 1: Calculated potential energies and the 

blue curve represents the fitted function 

6Figure 2 : Simulated population of 

dimer structures with HCN 
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Abstract: Philolaus (72.1°N 32.4°W) is a lunar crater on the near side of the moon with the average 

diameter of 71 km [1]. It lies east-southeast to the flooded crater Anaximenes, and to the west of the 

smaller Anaxagoras. It overlies the older and heavily worn Philolaus C to the south. It belongs to the 

Copernican system [2]. 

The composition was studied from the Moon Mineralogy Mapper (M3) data, a pushbroom 

spectrometer that works in the visible to near-infrared (0.42-3.0µm) ranges [3]. M3 level-2 data which 

is pixel located, thermally corrected, photometrically corrected [4], [5] reflectance data with optical 

period-OP2A and OP1B is acquired from PDS Geoscience node where the data is in the public domain. 

Minerals are identified from the study of their spectral profiles in normal as well as continuum removed 

reflectance. Continuum removal is applied to aid the characterization of the 1µ- and 2µ-bands for 

identifying the minerals [3]. The georeferencing, mosaicking and spectral sample collection was 

performed in the Environment for Image Processing (ENVI) software. From the M3 data, the minerals 

found are HCP (High-Calcium Pyroxene), LCP (Low-Calcium Pyroxene), and mixture of Olivine-

Pyroxene. 

The morphological analysis is carried out by using the Wide-Angle Camera (WAC) and Narrow 

Angle Camera (NAC) images, onboard Lunar Reconnaissance Orbiter (LRO) of NASA. The calibrated 

NAC images were acquired from PILOT (Planetary Image Locate Tool) developed by the USGS 

Astrogeology Science Centre and the NASA PDS Imaging Node.  

The outer rim edge is roughly circular, but with a somewhat irregular edge that displays signs of 

slumping, the most notable being a triangular area along the eastern rim. The inner wall of the crater 

has a complex system of terraces with a sharp-edged rim in locations where slumping has occurred, 

which might be due to gravity induced mass movement [6]. On the exterior of the rim is an outer 

rampart which extends for nearly half a crater diameter in all directions. The interior floor is irregular 

with rough areas about the centre and to the northeast, with the flattest part being in NE. The interior 

floor contains extensive fractures. There is no single central peak, but rather a pair of peaks offset to 

the south and the east on the crater floor. Melt ponds, cooling cracks and boulder fields are also present 

extensively along various parts of the crater. The southern part of the crater contains a permanently 

shadowed region. 

A morphological map of all the features discussed above have been prepared by keeping LROC-

WAC and NAC images as a base in ArcGIS software on a scale of 1:25,000. 
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Abstract 

Strong Siderophile, chalcophile affinity and refractory nature of platinum-group elements (PGE: Ru, 

Rh, Pd, Os, Ir, and Pt) are important geochemical and cosmochemical tracers. The abundance of 

elements in meteorite is, to a large extent, determined by their volatility (inverse of refractory). In order 

to constrain the nature and timing of chemical fractionation relating to these elements (PGEs) in the 

meteorite and early solar system.  It is very important to precise determination of platinum-group 

elements. So we have reviewed out the various procedures for the analysis of platinum-group elements 

in ≈ 1 mg sample of a bulk meteorite by Mass Spectrometry. Here we detail the procedure and 

demonstrate the feasibility and reproducibility. 

Keywords: -ICP-MS (Inductively Coupled Plasma Mass Spectrometer), Bulk Chondrite, Iron 

Meteorite, Platinum-Group Elements (PGEs). 
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Relative study of various exoplanets discovered in the year 2021 
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Abstract 

The goal of this paper is to provide brief introduction about exoplanets and collections 

of information about various exoplanets discovered in the year 2021.This give relative 

study about their physical properties, climatic conditions, atmospheric life , diagrams  

and references. Physical properties consists of of mass, temperature radius, period , 

distance .Discovery method of mentioned exoplanet also explained here. In the end of 

the paper there is a concluding ad comparative study mentioned exoplanets that shows 

life beyond the earth. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



INDIAN PLANETARY SCIENCE CONFERENCE (IPSC-2022) 

Page | 107  

Go to Index 

Crater identification and characterization by automated image segmentation algorithms  

Jappji Mehar*, Dinesh Gupta, R.S. Chatterjee 

Indian Institute of Remote Sensing, Kalidas Road, Dehradun-248001 
*Email: jappji@iirs.gov.in 

 

 

Impact craters are the most common geological features found on any planetary surface. They are 

formed due to impact of meteoroids, asteroids or comets on the planetary surfaces. One of the 

important challenges in lunar research is to characterize the lunar surface and to estimate lunar surface 

age by calculating crater size vs. density per unit area [1]. Proper crater detection and their 

morphological attribute measurement (shape and size) is important to estimate the tentative age 

(evolution) of geological features such as rilles, swirls, lava flows etc. [2]. For this purpose, we require 

an effective and efficient method of automatic crater detection as manual extraction is time consuming 

and requires skilled manpower.  

In this work, an integrated approach to automatic crater detection is developed using both Image based 

and DEM based approaches. Data from Terrain Mapping Camera (TMC) on board Chandrayaan-2 [3] 

has been used for this purpose. Automatic crater detection algorithms consisting of image 

segmentation techniques like Wavelet transform (for Image based approach) [4][5] and Marker 

controlled watershed (for DEM based approach) [6][7] have been used. Haar wavelet transform has 

been applied on grey scale image to get multiscale 2-D wavelet decomposition and the corresponding 

detailed coefficients (horizontal, vertical and diagonal edge responses).  The algorithms are 

independent of planetary body, data resolution and sensor type (optical, SAR). Subsequently, we 

studied crater shape and size for the nearside, far side, polar and equatorial parts of the moon for 

characterization of the lunar surface to gain insight on the evolution of meteor impact. We also 

distinguish between primary and secondary craters based on their size and shape [8] which is useful to 

characterize impact process and to refine lunar surface age.   

 

References:  

[1] Yue et al. (2008) Chin. Sci. Bull. 53, 3699-3704. [2] Kim et al. (2005) Photogramm. Eng. Remote 

Sens. 71, 1205. [3] Chowdhury A. R. et al. (2020) Current Science, 118(4), 566-572 [4] Tamililakkiya 

(2011) Signal Image Process. Int. J. 2, 161-172 [5] Dey V. et al. (2010) 10th ISPRS, pp. 5-7 [6] 

Bhagwat M. et al. (2010) Int. J. Comput Sci. Commun. 1, 175-177 [7] Bue B. D. and Stepinski T. F. 

(2007) Geosci. Remote Sens. IEEE Trans. 45, 265-274 [8] Yhoshu K. et al. (2016) Current 

Science 110(3), 304-306 

 

 

 

 

 

 

 

 

 

 

 

 



INDIAN PLANETARY SCIENCE CONFERENCE (IPSC-2022) 

Page | 108  

Go to Index 

Thinking of unanswered cellular trafficking: the dark side of LECA aftermath 
 

 

Krishnendu Ghosh1#  
 

 
1
Department of Astrobiology, Spaceonova Private Limited, India  

 
 

#
First, Presenting & Corresponding Author 

 

Dr. Krishnendu Ghosh,  

Senior Research Investigator, Department of Astrobiology, Spaceonova Private Limited, India. 

Email: ghosh.krishnendu009@gmail.com       ORCID: https://orcid.org/0000-0002-8423-3228 
 

 
 
 

ABSTRACT 

 

Life ‘happened’ happentually on planet Earth, the most obnoxious saga of 4.6 billion years of 

evolution with prejudice going from LUCA to LECA chronologically. ‘The God’s hand’ catered this 

‘most habitable zone’ of our solar system sculpting messy pre-biotic inorganic chemical reactions 

to organic proteinoids, the coacervates, the RNA world and the lipid world, forming the smallest unit 

of life called cell. Diversity of cellular evolution ranging from sub-viral prion to bacteria-archaea 

followed by multicellularity with underlying molecular and vesicular signaling and trafficking 

system enclosed in some specified membranous arena testified every bit of selection pressure for 

perpetuation. 

 

However, ambiguity lies in almost every sector of modern eukaryotic cells. Questions arise 

regarding the solidarity in between endo-membrane versus de novo origin of cellular organelles. 

The mystery behind the formation of zone of exclusion in and around the Golgi bodies put many 

cell biologist in quandary. Why does the endoplasmic reticulum, after separating from nuclear 

membrane does not get fused with the plasma membrane and ‘somehow’ manages to remain as 

golgi stack? Why protein modifying enzymes are more in number in golgi although it has been 

presumed to be formed from endoplasmic reticulum? All these and many more are sought-after 

questions in cell biology that, if resolved, would give a new window to evolution of eukarya and at 

the same time to be helpful for further cell related research approaches. 
 

Keywords:, Cell, de novo, Endoplasmic reticulum, Endo-membrane, Eukarya, Evolution, Golgi 

bodies, Multicellularity, Protein 
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Abstract: 

Longitudinal structures are the global-scale oscillations in the Martian thermosphere which consist of 

thermal tides and planetary-scale waves. In this study, these longitudinal structures are extracted from 

CO2 densities measured by the Neutral Gas and Ion Mass Spectrometer (NGIMS) on board the Mars 

Atmosphere and Volatile Evolution (MAVEN) spacecraft. Measurements from Ls ~ 290o
, in MY 32 to 

Ls ~ 240o
 in MY 35 are used in the present study. Due to the slow precession of MAVEN’s orbit in 

local time, it was, however, not possible to differentiate between the thermal tides and planetary-scale 

waves. The results of the present study show that the longitudinal structures comprise primarily of 

three waves modes, with wave-2 being the dominant one, followed by wave-3 and wave-1; which are 

in accordance with the previous studies. The results further show that while the amplitudes of these 

waves increase with altitudes during night-time, they do not show much altitude variation during 

daytime. The amplitudes of the longitudinal structures (averaged between 160-200 km) are 9%, 13% 

and 18% for MY 33, MY 34 and MY 35 respectively, which increase with decreasing solar irradiance. 

Furthermore, correlation between amplitudes of these structures and solar EUV irradiance is moderate 

during aphelion and strong during equinoxes and perihelion.  
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Abstract 

Mars shows three types of aurorae viz. discrete aurora [1], diffuse aurora [2], and proton aurora [3]. 

The present analysis is done on region where primarily populated with aurora emission using Mars 

Atmosphere and Volatile EvolutioN (MAVEN) datasets. While previous studies were focused only on 

the detection, location, and frequency of events, the present work addresses the ionospheric properties 

such events [4]. The present work investigates individual events to study the variety of external 

conditions and viewing geometries. To achieve this, we have adapted a new approach. First, an 

automated detection algorithm has been employed which significantly improved by using the 

uncertainty and data quality parameters. The cut-off altitude of ~ 160 -200 km is used in this work to 

find the precipitating flux and probably causing the auroral emission. Second, correlation between the 

causal factors (Field measurements, local time, magnetic field orientations), at dayside and nightside, 

has been studied to understand the mechanisms driving auroral acceleration and precipitation. 

Comparisons of in-situ measurements of electron spectra over mini-magnetospheres have been made 

for three detections. A general quantitative relation with the altitude is achieved. This work 

complements prior findings of connections between crustal magnetic fields in the southern hemisphere 

and aurora formation. 

References: [1] Bertaux, J-L. et al. (2005) Nature, 435.7043, 790-794. [2] Schneider, N. M. et al. 

(2015) Science, 350.6261. [3] Deighan, J. et al. (2018) Nat Astron., 2.10, 802-807. [4] Soret, L. et al. 

(2021) JGR, 126.10, e2021JA029495. 
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The ion induced nucleation is considered to be more effective at low supersaturation (even Sv,w<1) and 

the effect decreases for larger nuclei. It has been shown that in ion induced nucleation, even the smaller 

nuclei (<10-8cm) are stable at Sv,w<1 while in homogeneous cases they cannot exist. The rate of 

nucleation in the presence of an electric field found to increases by more than 100 times at electric 

field near breakdown for dry air and varies linearly with the electric field. The effect of electric charge 

on the collection efficiency for scavenging of aerosol particles by droplets was extensively modeled 

by Pruppacher and his group. It has been realized in recent years that even in weakly electrified clouds 

it is sufficient to affect contact ice nucleation and CCN concentrations.  

In the descending air parcels, due to entrainment of air at cloud top, there is a depletion of small cloud 

particles and consequent enhancement of free ions. It is found that conductivity of these air parcels 

may be of one order of magnitude which seems to be higher than the conductivity of the surrounding 

cloud at the same altitude. The rate of growth of electric field has been calculated for actual cloud 

condition using the below mentioned formula.  
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S.No. Height (Z) Km Conductivity (σ) s/m Electric Field (E) Kv/m 

1 1.5 2.223x10-15 168.51 

2 2.5 2.226x10-15 149.39 

3 3.5 2.228x10-15 132.31 

4 4.5 2.231x10-15 117.48 

5 5.5 2.233x10-15 104.19 

6 6.5 2.236x10-15 92.33 

7 7.5 2.238x10-15 81.93 

The results show that if the ionization rate is above the thundercloud, the increase in the rate of 

electrification of the thunderclouds will be faster.  

Key words: nucleation, condensation, ionization, conductivity, and CCN. 
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ABSTRACT 

 

The Neutral and Ion Mass Spectrometer (NIMS) is an essential instrument to study the Gaseous 

composition of Planetary atmosphere. NIMS effectively characterizes the neutral gases and ambient 

ions by measuring the isotopic and molecular compositions of the upper atmosphere and ionosphere. 

 

NIMS is based on the concept of Quadrupole Mass Filter (Mass range: 2–200amu & Peak width 

0.5amu). The mass scale is linear to the applied amplitude of the RF voltage(1-1600Vpp). Mass 

resolution can be conveniently and electrically set by means of the ratio between the DC voltage U 

and the high-frequency voltage amplitude V, which is typically maintained at ~0.168. NIMS can be 

programmed to either sweep across a range of (M/q) ratios by varying RF and DC voltages 

accordingly, or allow only a species of interest to pass, by tuning the instrument to a fixed (M/q).  

In Ionizer section, Repeller Grid, Anode Grid, Filament, & Focus voltages are Controlled for 

Electron Impact Ionization mechanism and Thus it provides Initial Energy to Ions to enter towards 

the Quadrupole Mass Filter. To enhance the resolution and the throughput of the instrument, a 

Feedback circuit is introduced for continuous reception from output signals. The feedback circuit 

takes the input from the filament control circuit which in-turn has dynamic sensitivity control of the 

NIMS 

The instrument shall employ a faraday-cup and a CEM as detectors, where CEM needs to be biased 

at -2.5kV (ranging from 0 to -3kV) to achieve appropriate gain for the detection of targeted species.. 

The bread-board development of the electronics has been carried out Viz.: Electronics for Ionizer 

Control, RF scanning, HV circuit for CEM biasing, FPGA based processing electronics and 

LabVIEW based data acquisition. The current status of the development, its preliminary results will 

be discussed along with the next course of action. 
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After nearly three decades since the discovery of the first exoplanet in 1995 , we have almost 5000 

confirmed exoplanets today. These planets are found over a multitude of system architectures, 

ranging from single star - single planetary systems to multi star - multi planetary systems. In this 

paper, we extracted and analyzed all the single star - single planet systems data from the NASA 

Exoplanet Archive, to get deeper insights on their star-planet trends and planetary population 

statistics. We focused only on single star - single planet systems, to clearly observe the influence (if 

any) of the host star on the planetary companion, without the interaction of any other stellar or 

planetary bodies. We also aimed to look for any notable trends in the planetary properties. We found 

that: 1) The exoplanet population around stars with a mass of 1 -1.5 Solar mass are found to be the 

most dense. 2) Maximum number of planets within the mass limit 500 - 1000 Earth masses, are 

found to be inhabiting stars of 0.5 - 1.5 solar masses. 3) Stellar hosts with mass ≥ 1.5 solar mass 

harbor only Gas Giants. 4) Solar mass stars are found to be densely populated with gas giants, 

especially planets within the 500 - 1000 Earth masses limit are found to be only Gas Giants. 5) 

Between an orbital period of 2 - 4 years, the planetary population is comparatively more dense, 

especially till the 1000 Earth mass limit. 6) Almost all orbital periods ranging from 1.75 - 5 years, 

are covered only by Gas Giants. 7) Very low numbers of planets have an orbital eccentricity, e  > 

0.4. 8) Till 1250 Earth mass limit, planets with circular orbits are moderately consistent. 9) Most 

number of planets until the 500 Earth mass limit lie within the orbital eccentricity range of 0 - 0.2. 

10) Within the 2500 Mearth limit, all the planets between the orbital eccentricity range of 0.4 - 0.6 

have a planetary mass < 500 Mearth. 11) Significant number of circular orbit planets ( e = 0 ) are 

noted to be Gas Giants.  
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Howardites, eucrites, and diogenites (HED) are achondrites and thought to have derived from the 

asteroid Vesta [1]. The recent Dawn mission to Vesta has strengthened the identification of Vesta as 

the parent body of HED meteorites [2] Diogenites are composed of Ca-poor pyroxene and depleted in 

plagioclase and olivine. One of the fundamental property of a meteorite is cosmic ray exposure age 

(CREA) that result in the ejection of rock from a parent body and delivered to Earth without additional 

disintegration in interplanetary space. During the interplanetary passage, the ejected material is 

continuously exposed to cosmic rays until it falls on Earth. In this work, the cosmic ray exposure age 

based on noble gases (21Ne) of diogenites is used for determining the possible ejection events. The 

production rates for cosmogenic nuclide were calculated following the protocol of Eugster and Michel 

(1995). The cosmic-ray exposure ages T21 were calculated from the concentrations of 21Nec. 

 

The exposure ages of twenty-eight diogenites ranges from 6.6 Ma to 43.6 Ma, which depicts the 

discrete pattern of ejection events. The rocks from Vesta were ejected in 10 discrete events which 

landed on Earth as meteorites from Vesta. The ejection events that occurred at 22.1 Ma were the major 

ejection events on Vesta. The direct ejection from Vesta and capture by Earth of basaltic meteorites 

has been shown to be dynamically difficult. In such a scenario large events 22.1 Ma ago are required, 

liberating simultaneously material representing Vesta’s interior regions. The CRE age pattern in the 

diogenites will be discussed. 

 

References: 1] Binzel, R.P., Xu, S., 1993. Science 260, 186–191. [2] McSween et al. (2013) 

Meteoritics Planet Sci. 48, 2090–2104. [3] [3] Eugster O. and Michel Th. (1995) GCA, 59, 177–199. 
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                                                             Abstract 

Rcently straight-chain (n-propyl cyanide, n−C3H7CN) and branched-chain (i-propyl cyanide, 

i−C3H7CN) species are identified toward a star-forming region, Sgr B2(N2). These molecules could 

be the ancestors of biologically 

relevant prebiotic molecules. Here, we study the formation of some higher- 

order (C5H9N isomeric group) branched-chain molecules in a similar star- 

forming region. Quantum chemical calculations are carried out to determine 

realistic parameters (binding energy, enthalpy of formation, polarizability, 

dipole moment, etc.) for the Astrochemical modeling. These parameters are 

further implemented in our gas-grain chemical model to study the chemical 

evolution of these species. Finally, obtained abundances are compared with 

the other existing models. 
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Abstract: Impact craters are the dominant geological structure on the lunar surface and these structures 

are very helpful to know about the impact history on the lunar surface through geological time. As we 

know that the impact flux on any planetary bodies of solar system decreases through geological time 

since the solar system is going towards the stabilization [1]. The impact flux on Moon also decreases 

but this decrement is similar or not at Mare (Near side) and Highland (Far side) surface of Moon, we 

do not know. This relative impact flux and impactor trend (angle and direction of impact) based on 

crater’s shape are analyzed in this study. Based on morphological features the fresh lunar impact craters 

are mapped using three TMC data strips of Imbrian age’s Mare surface (3.8-3.3 Ga) and three TMC 

data strips of Pre-Nectarian age’s Highland surface (> 3.9 Ga). Aspect ratio (or ellipticity ε) are 

measured for all mapped craters on both Mare and Highland surfaces and craters are classified on the 

basis of aspect ratio and impact angle (Table 1) based on previous study [2-7]. 

Table 1. Classification of craters based on ellipticity: 

Sr. Crater type No. of mapped 

craters at Mare 

(Near side) 

surface 

No. of mapped 

craters at 

Highland (Far 

side) surface 

Ellipticity       

 ε =
a

b
 

Impact 

angle 

1. Circular crater 68 204 ε < 1.1 > 20° 

2. Elongated crater 64 159 1.1 ≥ ε ≤ 1.20 20–10° 

3. Elliptical crater 91 88 ε > 1.20 < 10° 

  Total = 223 Total = 451   

 

Result shows the higher number of fresh craters on the Highland surface than that of the Mare surface 

which suggests the relative impact flux is higher at Highland surface than Mare surface through 

geological time instead of the fact that the impact flux on whole moon decreased through geological 

time. Higher number of elongated and lesser number of elliptical craters are observed at Highland 

surface than that of Mare surface. Similar observation has been made by [8]. Higher number of 

elliptical craters on Mare surface suggests the impactor trend might not be vertical but it might be 

inclined. 

  

References: [1] Shoemaker E. M., (1998) JRASC, 92, 297-309. [2] Barlow, N. G. (1988) Icarus, 75, 

285–305. [3] Bottke, W. F., et al., (2000) Icarus, 145(1), 108–121. [4] Collins, G. S., et al., (2011) 

EPSL, 310(1-2), 1–8. [5] Gault, D. E., & Wedekind, J. A. (1978) Proceedings Lunar Science 

Conference 9th, 3, 3843–3875. [6] Pierazzo, E., & Melosh, H. J. (2000) Annual Review of Earth and 

Planetary Sciences, 28(1), 141–167. [7] Schultz, P. H., & Lutz-Garihan, A. B. (1982) JGR, 87, 84–96. 

[8] Kruger, T., et al., (2018) JGR, 123, 2667–2690. 
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Lightning is a large electrical discharge of very short duration of the order of few tens of microseconds 

that occurs in a planetary atmosphere. Though the lightning on Earth is well studied, it is not yet fully 

understood in the case of Venus. In case of Earth, water clouds are responsible for the lightning to 

occur; while in case of Venus, Sulphuric acid is an important constituent of the atmospheric cloud, at 

heights from ~47 to 65 km [1]. On Earth, lightning flash is mostly detected as cloud-to-ground 

discharge and ~20 % of the events are cloud-to-cloud discharge type [2]. However, the cloud-to-cloud 

lightning is more likely to occur on Venus [3]. To understand the lightning on Venus in detail, a 

Lightning Instrument for VEnus (LIVE) is proposed for future Venus mission [4]. We have captured 

a lightning pulse using LIVE at PRL during the Monsoon season. The captured signal by the instrument 

is processed further to obtain more information of the detected lightning event. We analyze the data 

using time-frequency localization technique of the captured lightning event. The time-frequency 

representation shows the energy distribution of lightning signal simultaneously in the time and 

frequency domain [5].   

In this paper, the captured event using the LIVE instrument by the natural source of lightning during 

monsoon season and also with artificial source of lightning i.e. Van de Graaff generator in time domain 

is represented. Further, the lightning spectrum in time-frequency domain of both the sources is 

compared and discussed.  

References: [1] Russell et al. (2011), PSS, 965-973. [2] Ullivi P. and Harland D. M (2014), Springer, 

567. [3] Esposito L.W. et al. (1983) Uni. Ariz. Press, Tucson, 484-564. [4] Pabari J. et al. (2018) LPSC 

XLIX, Abstract # 1391. [5] L. Cohen et al.(1989), IEEE, Vol.77, pp.941-981 
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Abstract 

Identifying the important processes of aerosol-cloud interaction and source and formation mechanism 

require detailed chemical composition of aerosols. For example, the mixing state of aerosol controls 

the influence of other aerosol properties on the activation of cloud condensation nuclei (CCN). The 

mass spectrometer measures the composition of individual atmospheric aerosol particles in real-time 

and thus provides quantitative information on the mass concentrations of these particles. This paper 

thus presents an in-house development of a time of flight (TOF) mass spectrometer system. As part of 

this development, we designed an aerodynamic injector, which consists of a series of conical shapes 

designed aligned with a gradually decreasing diameter to ensure fine particle beam convergence at the 

exit of the injector1. We also developed a beam chopping mechanism placed at a known distance from 

the photomultiplier tube for aerosol particle size analysis.  The aerosol particle size is then determined 

by calibrating particle velocity calculated from the time of flight spectrum with the aerodynamic 

diameter of the aerosol particle. Detailed design of various TOF components and associated simulation 

results will be presented in the conference. 
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Fig 1. Aerosols streamline flow 

pattern (ANSYS CFD) 
Fig 2. Velocity output using CFD 

simulation 
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Space weathering (SW) is the gradual change with time in optical, mineralogical and chemical 

properties of the surface of airless solar system bodies primarily due to the impact of micrometeorites 

and interaction with energetic solar wind ions [1]. The interaction of solar wind ions with the surface 

of different airless bodies can be simulated in the laboratory by irradiating analog materials with 

energetic ions (e.g. 1-400 keV H+, He+, Ar+) [2,3]. Most of the previous ion irradiation experiments 

were however done under ambient- or cryo-conditions. Since the surface of Mercury reaches up to 

~450°C and is also exposed to solar wind in the day side cusps and also during magnetic reconnection 

events [4], it is important to understand how silicate minerals transform under ion irradiation at high 

temperatures. To reproduce the characteristic VNIR spectra of Mercury, high abundances of both 

nano- and micro-phase iron particles [5] are required and the role of SW in producing these particles 

need to be understood. Such a study is important given the poorly understood phenomena of interaction 

of intense solar activity with the surface and the exosphere in Mercury and it will be a key reference 

while investigating the remote spectral data (e.g., from ongoing BepiColombo mission).  

In this study, we irradiated a polished crystal of low-Fe bearing olivine (FeO~1.5 wt. %) with 4 

keV He+ ions and with a fluence of 5x1018 ions/cm2 (current density < 1µA/cm2). During the 

experiment the sample was kept at 450°C and regulated during the whole duration of the experiment. 

Another olivine crystal was irradiated under ambient conditions for comparison. After the irradiation 

experiment, two samples/lamellas for transmission electron microscope study were prepared using a 

focused ion beam (FIB) instrument. No FTIR spectra from the irradiated samples were acquired but it 

is planned in the next step. TEM study shows that the top 50 nm of the olivine crystal irradiated under 

high temperature is amorphous, and it contains numerous (<20 nm) particles of metallic Fe showing 

many fractures/cracks. Interestingly, the olivine crystal that was irradiated under ambient conditions 

has numerous He-rich bubbles but no Fe-rich particles were seen in the top amorphous region of the 

sample.  

This study shows that due to SW regolith grains on the surface of Mercury might be covered with 

an amorphous rim with numerous nanoparticles of Fe and other species in spite of the low iron contents 

within the silicate minerals. To better understand the effect of temperature, further work is in progress 

extending the investigation to low-temperature environments of primitive asteroidal bodies (using 

Jbilet Winselwan and Aguas Zarcas CM chondrites).  

References: [1] Pieters C.M. and Noble S.K. (2016) J. Geophys. Res-Planet., 121, 1865–1884. 
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104, 1865–1872. [4] Dukes C. et al. (1999) J. Geophys. Res-Planet 104, 1865–1872. [5] Trang D. et 

al. (2017) Icarus 293, 206-207.  


