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The key questions for a Venus lander:   

A Venus landing mission is long over-due, since the 

success of Vega 1 and  Vega 2 in 1985, and  those of 

Venera 8, 9, 10, 11,12, 13, and 14  (1972-1981). The 

geochemical data from Venera and Vega landing 

sites suggest a basaltic crust, but rich in incompatible 

elements (K, Th, U), similar to alkali-rich terrestrial 

oceanic island [1]. Based on those data, we can make 

limited estimations on Venus surface mineralogy. 

Very different from Mars and Moon, Venus has the 

youngest surface built through relatively recent vol-

canic activities, and a dense atmosphere of high pres-

sure and high temperature near the surface. Venus 

would have the most interesting atmosphere-surface 

interactions. These characters make the mineralogy 

of the surface of Venus to be “the single most fun-

damental question” faced by any Venus landing 

mission [2]. The other two key questions are the 

chemical composition of the lower 22 km of Venus 

atmosphere, and the oxidation state of the surface of 

Venus [2, 3].  

 

Definitive mineralogy by microbeam in situ Ra-

man:   

A microbeam Raman system on a Venus lander 

could provide finger-print spectra of silicates, car-

bonates, sulfates, phosphates, oxides, sulfides, hy-

droxides, etc. for definitive mineral phase identifica-

tions. In addition, the Raman peaks of minerals are 

very sharp and non-overlapping in most cases even 

in the spectra of mineral mixtures (rocks and rego-

lith), thus the mineral ID can be made by direct in-

spection of raw spectra.   

 

Furthermore, a Raman system working in visible 

spectral range (i.e., using 532 nm excitation) allows 

the laser beam and Raman photon collection through 

a transparent window (fused silica or sapphire). This 

character will enable Raman measurements to be 

made behind a window in a Venus lander. The Venus 

surface/subsurface samples could be delivered onto 

that winder from outside.  In addition, it takes 10 s to 

< 1 minute to obtain a Raman spectrum (using 

MMRS or CIRS, to be described later), thus to get > 

100 spectra in 2 hours during a landed Venus mis-

sion.   

Complete Mineral ID: The first-order mineral ID by 

Raman spectroscopy can address extremely im-

portant Venus science questions.   

 

For example, thermodynamic equilibrium calcula-

tions predict many rock-forming hydrous silicates are 

unstable at Venus surface, but some Fe-free mica 

(eastonite, phlogopite), some alkali-

amphiboles (tremolite), and chloride-

bearing scapolite might be stable [3, 4]. 

They all have characteristic Raman spec-

tra (Fig. 1) that distinguish them from 

many other silicates [5, 6].  

 

Furthermore, it is critical to determine 

whether or not the minerals which can 

buffer CO2, HCl, and HF are present at 

surface of Venus. XRF on Venera and 

Vega provided indirect evidence for the 

present of carbonates by the mass deficits 
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[2]. While using in situ microbeam Ra-

man, direct ID of a trace carbonate 

phase (calcite) was achieved in a study 

of martian meteorite EETA79001 [7, 

Fig. 2]. Past study has demonstrated that 

F-, Cl-, and OH-bearing apatite can be 

distinguished by their Raman peaks [8].  

 

The highly active volcanic processes 

and dense Venus atmosphere all make 

the sulfur-cycle to be a key player in 

Venus surface-atmosphere interaction. 

For which, to identify and to quantify 

the products of S-cycle (S8, FexSy, 

H2SO4-H2O, HSO3-H2O, and sulfate 

minerals) in Venus surface/ subsurface 

regolith bear great scientific signifi-

cance, and they are all very strong Ra-

man scatters (Fig. 3). 

 

For a Venus landing mission, a Raman 

system with very tight laser spot (microbeam Raman) 

is a necessity for the detection of trace minerals, in 

order to provide a complete mineralogy (major, mi-

nor, and trace minerals) for rocks or regolith.  

 

Mineral Chemistry: Planetary Raman spectroscopy 

reveals cation speciation and cation ratio in a min-

eral through accurate Raman peak position read-

ings, e.g., Mg/(Fe+Mg) in olivine [9]; Mg/( 

Mg+Fe+Ca) in pyroxene [10, Fig. 4]; Or-Ab-An 

endmembers and intermediate feldspar [11]; Fe-Ti-

Cr solid-solution oxides [12]; cation speciation in 

carbonates [13]; and the cation speciation & hydra-

tion degrees in sulfates [14].  

 

For a Venus landing mission, a Raman system with 

spectral resolution better than 10 cm
-1

 is required 

to provide the cation ratios within ± 0.1 uncertainty 

[9-14].  

 

Rock Characterization: The intensity of a Raman 

peak in the Raman spectrum of a rock (or a regolith) 

is affected mainly by the crystal orientation of the 

mineral grain (against the incoming laser beam), 

which would be very hard to know during a robotic 

planetary mission.  

 

Therefore, it is practically impossible to extract the 

mineral proportions information, using the peak in-

tensities in a Raman spectrum collected from a large 

sampling spot on a mineral mixture (rock or rego-

lith). Nevertheless, the mineral proportions infor-

mation can be obtained from Raman spectra collect-

ed from   > 100 tiny spots on a rock (or regolith), i.e., 

by using a microbeam Raman system with scan ca-

pability. The proportion of a mineral in a rock (or 

regolith) could be counted approximately on the ba-

sis of the occurring frequency of its major Raman 

peak among > 100 Raman spectra [15]. The more 

sampling spots would give the higher statistical accu-

racy in the counts. In this way, we avoid the uncer-

tainty in Raman peak intensity and relay only on the 

detection of the major Raman peak of a mineral. The 

difference among the Raman cross sections of miner-

als would be used as weighting factor in the counts.   

 

 When using a highly condensed laser beam spot (6-

25 µm), it encounters single (or 2, or 3) mineral 

phase (s), and generates high quality Raman spec-

trum. A spectrum with high S/N would facilitate de-

finitive phase ID and a high accuracy in mineral 

chemistry extraction. A combination of above two 

would provide the compositional distribution a min-

eral phase within a rock (e.g., pyroxene in a martian 

meteorite shown in Fig. 5), which can be a direct 

reflection of the formation history of the rock [7].  

 

For a Venus landing mission, a Raman system with 

high optical throughput that can generate a good 

S/N spectrum in < 1 min, i.e., to accomplish a  >100 

spots Raman line scan in 1-2 hours, is required. 

 



Abstract for International Venus Conference, Oxford, UK, 4-8, April 2016 

 

A high TRL microbeam Raman system:  

Planetary Raman spectroscopy can provide rich and 

powerful information. However, Raman scattering is 

an intrinsically weak process with Raman cross sec-

tions of minerals < 10
-13

.  A Raman system for robot-

ic planetary surface exploration requires carefully 

crafted optical configurations, with high Raman effi-

ciency and robust optical-electronic-mechanic com-

ponents/subsystems. Our studies of extraterrestrial 

materials and terrestrial field tests led to a conclusion 

on the best Raman system architecture, to satisfy the 

need of fine-scale, definitive, and comprehensive 

mineralogy for planetary surface 

exploration.  

 

MMRS & CIRS configurations 

use the simplest, the most mature 

and effective techniques, i.e. con-

tinuous wave, low power 532 nm 

laser, optics in visible spectral 

range (532-676  nm), and con-

ventional CCD. They both satisfy 

the requirements mentioned in 

above sections, i.e., < 25 µm la-

ser beam size, better than 10 cm
-1

 

spectral resolution, line-scan ca-

pability, and especially, a f/2 op-

tical chain to provide high Raman 

throughput [16, 17].  

 

MMRS (Mars Microbeam 

Raman Spectrometer) develop-

ment was supported by PIDDP, 

MIDP, ASTEP program and ear-

ly MER mission development. It 

has a separate Raman probe con-

nected through optical fiber to 

Raman spectrometer. MMRS was 

tested during three field seasons 

(2012-2015) in Atacama Desert, 

twice on Zoe rover (> 50 km traverse each time) and 

once stand-alone. These field studies [18, Fig. 6] 

demonstrated a solid science performance and robust 

engineering of MMRS (TRL 5).   

 

CIRS (Compact Integrated Raman Spectrome-

ter) was developed on the basis of mature MMRS 

technology but having an all-optics-in-one architec-

ture (i.e., without optical fiber). CIRS was supported 

by MatISSE program since 2013, with a goal to 

reach TRL 6 [17]. Currently, a prototype of CIRS 

was built [Fig. 7] and preliminary tests were done. 

Further system optimization is in progress. The envi-

ronmental tests of major optical components (and 

some sub-systems) were accomplished (TRL 6) or 

on-going.   

 

Comparison with remote-Raman architecture:  In 

the aspect science return, a microbeam in situ Raman 

architecture is much more advantageous than a re-

mote-Raman in following three aspects. (1) A 25-50 

µm sampling spot [16, 17, 19] enables the detection 

of minor and trace minerals in a rock, while the large 

sampling spot (0.5-1 mm) of a remote-Raman allows 

only the detection of major or light-toned minerals. 

(2) The Raman photons throughput of a f/2 optics is 

10
2
 to 10

4
 times that of a f/20 to f/100 optics used by 

remote-Raman architecture [20]. (3) the adjustable 

low power cw laser avoids the over-heating-

damaging (or the generation of LIBS) of the target 

minerals, when compared with the 

pulse laser used by remote-Raman 

architecture. 

 

These are exactly the reasons 

that the publications by WUSTL 

Raman science team in past > 25 

years were all based upon the use 

of microbeam Raman architecture, 

which demonstrated the wide and 

deep planetary applications. For the 

exactly same reason, before the 

realization of microbeam Raman 

architecture in 1980s, there were 

practically no geological applica-

tions of Raman spectroscopy, none 

for planetary applications.     

 

Conclusion:  

A Venus landing mission is long 

over-due. The mineralogy of the 

surface of Venus is the most im-

portant question for developing the 

least understanding pf Venus sur-

face-atmosphere interaction.  Mi-

crobeam in situ Raman could an-

swer this essential question. A high 

TRL (5-6) microbeam Raman sys-

tem on a Venus lander can provide rich information 

within short mission duration. 
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