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Session: On the Surface  
Target: All Locations 
Science Goal(s): II.A.1, II.B.1, II.B.2, III.A.3, 

III.B.2 
Introduction: The extreme Venus surface temper-

ature and atmospheric pressure create a challenging 
environment for landed missions. Venus geochemical 
investigations must be completed within several hours 
before the lander and instrument payload will be over-
come by the harsh atmosphere. The Surface and At-
mosphere Geochemical Explorer (SAGE) was one of 
the New Frontiers III candidate missions and it includ-
ed a remote Raman – LIBS (RLS) instrument. RLS 
remotely determines both chemistry and mineralogy 
without the risks and time associated with collecting 
samples and bringing them into the lander. A RLS 
instrument can probe any surface target location from 
within the relative safety of the lander. 

Raman and LIBS are highly complementary analyt-
ical techniques: Raman spectroscopy is used to deter-
mine the sample molecular structure and LIBS is em-
ployed to quantitatively determine the elemental com-
position. Clegg et al.,[1] Wiens et al. [2] and Sharma et 
al. [3] demonstrated that these two complementary 
analytical techniques can be integrated into a single 
instrument suitable for planetary exploration. A RLS 
instrument similar to ChemCam [4,5] would record a 
Raman or LIBS spectrum from every laser shot result-
ing in >1,000 geochemical analyses within the first 

two hours on the surface. Furthermore, the LIBS mi-
cron-scale depth profiles would be recorded from each 
location enabling the interrogation of weathered sur-
faces. 

Experimental: LIBS experiments involve focusing 
a Nd:YAG laser (1064nm, 10Hz, 60mJ/pulse) onto a 
sample surface. The laser ablates material from the 
surface, generating an expanding plasma containing 
electronically excited atoms, ions and small molecules. 
These excited species emit light at wavelengths diag-
nostic of the species present in the sample. Some of 
this emission was collected with an 89 mm telescope 
and recorded with a dispersive (275 – 500nm) and 
customized miniature transmission spectrometer (535 
– 800 nm) spectrometer as depicted in Figure 1.  

Raman analyses such as those shown in Figure 2 
involve directing the pulsed, doubled Nd:YAG laser 
(532 nm, 10Hz, 10 mJ/pulse) onto the sample surface. 

Figure 2. Raman spectra collected under 92 atm, 423 K 
(top) and 92 atm 740 K (bottom). The top spectra were 
collected from pressed powder of mixed minerals in a 
basaltic matrix while the bottom spectra are from natural 
mineralogical samples. The spectral regions highlighted 
in grey are from either the sapphire window or the CO2. 

 
Figure 1. LIBS spectra collected with the JPL Venus 
chamber under 92 atm CO2 at 740 K. All of the major ele-
ments are identified in the spectra. 
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The laser stimulates the Raman-active vibrational 
modes in the sample, producing Raman emission. 
Some of this emission is collected with the same 89 
mm telescope and recorded with the same transmission 
spectrometer used in the LIBS experiments. 

Results and Discussion: Figure 1 shows a LIBS 
spectrum of several a Venus-analog samples under 92 
atm CO2 and 740 K. All of the major elements and 
some of the minor elements are identified in the spec-
trum. LIBS plasma temperatures typically exceed 
5000K and are completely insensitive to the Venus 
surface temperature. However, LIBS is sensitive to 
atmospheric pressure and the total LIBS emission in-
tensity under Venus conditions is less than that ob-
served under terrestrial or Martian conditions.[1,6]  

The resulting LIBS spectra were processed using 
the same analytical methods developed for ChemCam. 
Each sample was analyzed in five separate locations 
with 100 laser shots each. The spectra were uploaded 
into the Unscrambler for Partial Least Squares analysis 
(PLS) [7-9]. Table 1 contains a list of preliminary 
LIBS elemental analysis requirements for a Venus 
surface mission 

Figure 2 shows Raman spectra several pure miner-
als and synthetic mixtures. Raman spectra were col-
lected under both ambient and under 1450 psi to model 
the influence of the Venus atmosphere on the Raman 
spectra. The dense CO2 atmosphere produces two 
bright Raman lines that do not interfere with the min-
eralogical identification.  

Raman spectroscopy is completely insensitive to 
the atmospheric pressure and are only slightly sensitive 

to the sample temperature. Sharma et al. [8] demon-
strated that the Raman peaks shifted by about 10 cm-1 
at 1273K, which is close to the spectrometer resolu-
tion. This small and predictable shift permits use of 
spectra acquired under ambient conditions for miner-
alogical identifications. Table 2 contains a list of pre-
liminary Raman requirements for a Venus surface mis-
sion. 

Conclusions: An integrated Raman and LIBS 
spectrometer is an ideal instrument for Venus geo-
chemical and mineralogical investigations. RLS is rap-
id enough to acquire hundreds of mineralogical and 
elemental observations within the limitations of Venus 
surface operations. Integrated RLS mineralogical and 
elemental results will be presented. 
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Table 2: Raman Requirements 

Mineral Group 

Detection 
Limits 
Require-
quire-
ment 

Accuracy 
Requirement 

(Absolute) 

Bench-
marked 

Detection 
Limits1 

Bench-
marked 

Accuracy 

Primary anhy-
drous silicates 

1-3 ±10-15% 1 5

 Secondary 
anhydrous 
silicates  

1-3 ±10-15% 1 5

Volatile-bearing 
silicates 

1-3 ±10-15% 1 5

 Anhydrous 
sulfates 

1-3 ±10-15% 1 5

 Anhydrous 
carbonates 

1-3 ±10-15% 1 5

Measurement capabilities benchmarked October 2010 and as reported in, 
e.g., Kontoyanis et al. (1997); Stopar et al. (2005).  
1Detection Limit is defined as the minimum modal % of each mineral that 
can be detected from among Raman-active materials  
2Accuracy is defined as the vol% measured of each mineral as the stand-
ard deviation of ten repeated measurements. 

Table 1: Some LIBS Requirements 

Element Units 

Detection 
Limits 
Require-
quire-
ment 

Accuracy 
Requirement 

(Absolute) 

Bench-
marked 
Errors1 

Bench-
marked 

1- 

SiO2 wt.% 2 ±5-10% ±2.45  1.55 
 Al2O3 wt.% 2 ±5-10% ±1.64  1.51 
 Fe2O3 wt.% 2 ±5-10% ±1.50  1.18 
 CaO wt.% 2 ±5-10% ±0.82  1.06 
 MgO wt.% 2 ±5-10% ±1.88  1.57 
 Na2O wt.% 5 ±10-20% ±0.62  0.49 
 K2O wt.% 5 ±10-20% ±0.55  0.44 
 TiO2 wt.% 5 ±10-20% ±0.38  0.38 
 MnO wt.% 5 ±10-20% ±0.03 0.02 
 P2O5 wt.% <0.01 ±20% ±0.24 0.17 
 Cr2O3 ppm 5 ±10-20% ±170 n.d. 
 S  ppm 5 ±5-10% ~1.0 n.d. 
1Errors based on 140 spectra of rocks and minerals acquired under Chem-
Cam conditions, expressed as root mean square errors, from Dyar et al., 
(2010c). 2Values based on 10 repeated measurements of a single basaltic 
rock sample under Mars conditions, from Tucker et al. (2010).  
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