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Introduction:  Science objectives of a Venus 
Lander [1] include: 1). Determine the elemental com-
position of surface rocks, and 2). Identify mineral 
phases to address atmosphere and surface evolution 
along with surface mineralogy.  These objectives 
must be met within 1-2 hours. 

Mineralogical Analysis using X-ray Diffraction 
and X-ray Fluorescence: X-ray Diffraction (XRD) is 
the only in-situ technique able to definitively identify, 
quantify and determine the elemental composition of 
minerals present in planetary regolith. XRD provides 
a comprehensive analysis of regolith mineralogy that 
can only be improved upon by sample return.  

X-ray diffraction was employed in robotic plane-
tary exploration for the first time on the Mars Science 
Laboratory (MSL) Curiosity rover [1-4].  Descriptions 
of the samples analyzed by CheMin as well as publi-
cations related to the analyses can be downloaded 
from the CheMin database:  https://odr.io/Chemin. 

The Terra XRD/XRF Instrument, a Prototype 
for CheMin-V:  The Terra instrument shares its dif-
fraction geometry with CheMin, but delivers 30X 
more X-ray flux to the sample, yielding much im-
proved diffraction intensity as well as slightly im-
proved 2q resolution.  A block of Saddleback basalt 
was drilled by the Honeybee Robotics (HBR) Venus 
drill under Venus surface conditions.  The as-received 
sample was analyzed in a Terra instrument for 15 
minutes, then reanalyzed for 8 hours in a Rigaku la-
boratory Diffractometer.  Table 1 shows the resulting 
Rietveld refinement and quantitative analyses from 
Terra, compared to that of the Rigaku instrument.  

The CheMin-V instrument.  Fig. 1 shows a 3D 
model of the proposed CheMin-V XRD/XRF geome-
try.  A single X-ray source emits a cone of CoKa ra-
diation intercepted by two pinhole collimators.  The 
two collimators produce ~70 µm diameter parallel 
beams of X-rays directed at the centers of two sample 
cells.  The direct beams from the source/collimators 
strike opposite ends of a 256X1024 pixel CCD, and 
the diffracted beams from each sample are detected 
by the CCD along its long dimension.  The CCD is 
split into two halves, yielding two separate 128X1024 
pixel detectors, each recording an XRD pattern.  Sili-
con Drift Diode detectors (SDD) are placed on the X-
ray entrance side of each sample cell, recording an 
XRF spectrum of each sample.  

Powdered samples delivered to the sample cells 
are vibrated, producing a random motion of the grains 
in the X-ray beam (as in the CheMin and Terra in-
struments). CheMin-V can return quantitative miner-
alogical results from two separate samples in ~15 
minutes, leaving margin for sample delivery and data 
transmission.  Parameters of the instrument are 27 X 
18 X 15 cm, mass 5 kg. CheMin-V exceeds all miner-
alogical requirements for landed science on Venus.  
Table 1:  Rietveld refinement of Saddleback Basalt 
drilled under Venus surface conditions with the HBR 
Venus drill. 15 minute analysis with Terra vs. 8 hours 
in Rigaku laboratory XRD.   

 

 
Fig. 1:  Geometry of the CheMin-V diffraction exper-
iment.  Two samples are analyzed at the same time on 
a single CCD detector.  
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  Terra 15 
minutes 

Rigaku 
8 hours 

Phase Formula (Wt %) (Wt %) 
Andesine Ca 0.24 Na 0.26 (Al 0.735 Si 3.265)O8 72 69 
Augite Mg 0.82 Fe 0.52 Ca 0.66 Si2O6 14 14 
Pigeonite (Mg 0.78 Fe 1.04Ca0.18)Si2O6 5 6 
Olivine (MgFe)SiO4 8 8 
Hematite Fe2O3 2 2 
Total  101 99 

 

SDD detectors 

X-ray tube 

CCD detector 

Twin sample 
holder 

8029.pdf17th VEXAG Meeting 2019 (LPI Contrib. No. 2193)


