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Introduction: Quantitative and definitive mineralogy
is critical for elucidating the early history and evolution of
Venus, for comparative planetology of the rocky planets,
for deducing the potential for habitability on early Venus,
and for characterizing Venus as a surrogate for Venus-like
exoplanets.

XRD/XRF analysis of surface regolith will yield:
• Identification of all minerals present >1 wt. %.
• Quantification of all minerals >3 wt. %, including their

structure states and cation occupancies.
• Bulk geochemistry of major and minor elements.
• Abundance of all major elements present in each

mineral (H and above).
• Valence state of all elements, including speciation of

multi-valent species, such as Fe.
• Abundance and composition of X-ray amorphous

components, if present.

The CheMin-V XRD/XRF instrument: CheMin-V
will analyze powdered samples delivered to it inside the
pressure shell of the Venus lander by the HoneyBee
Robotics Venus drill [1]. CheMin-V is a next-generation
XRD/XRF instrument having MSL-CheMin [2] heritage,
augmented by enhanced XRD and XRF capabilities.
Drilled and powdered Venus regolith is sieved to <150 μm
and delivered to separate XRD and XRF cells (Fig. 1).

Fig. 1: Geometry of CheMin-V. A single X-ray source emits two
separate beams, the first optimized for XRD and the second
optimized for XRF.

XRD geometry and XRD sample cell description:
The collimated X-ray beam from the source is directed
through a thin layer (~175 μm) of <150 μm grain size
Venus regolith confined between two 8 mm-diameter, 7
μm thick KaptonTM windows in the XRD sample cell (e.g.,
cell 1A in Fig. 1). The sample cell is shaken causing the
loose powder to flow in a convection motion through the
beam. The 2-D pattern collected by the detectors is
summed circumferentially around the central beam to
yield a conventional 1-D XRD pattern ( Fig 2).

Hybrid Pixel Detectors for XRD: Hybrid Pixel
Detectors do not require cooling and can operate under
high flux conditions (Fig 3). In a configuration like Fig. 1,
this results in decreased analysis times and improved 2θ
resolution along with much reduced power requirements.
An array of 4 HPDs increases the 2θ resolution from 0.3°
to 0.18°, sufficient to identify and quantify 3-pyroxene
systems.

Fig 2: XRD pattern of <150 μm grainsize separate of Apollo 14
regolith sample 14149,26. Inset pie diagrams show proportions of
crystalline and amorphous components determined using Rietveld
refinement [4] and FULLPAT whole pattern fitting [5].

Fig. 2 shows an XRD pattern of Apollo 14 regolith
sample 14149,26 collected in a 1-hour acquisition with a
TerraTM XRD [3] (similar XRD geometry to CheMin-V)
and quantified using Rietveld refinement [4] and whole
pattern fitting [5]. Table 1 shows the resulting analysis.

1Values in parentheses are 1σ
errors. 2Calculated from unit-cell parameters [6] refined using MDI-
JADETM. 3The composition of the X-ray amorphous component can be
determined by subtracting the composition of the crystalline
component (derived from unit cell parameters) from the bulk
composition (obtained from the XRF measurement).
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Table 1:   Mineral Abundances and Compositions in Apollo 
14 Regolith 14149,26

Fig 3: Comparison of XRD data of quartz using a CCD based
Terra [3] vs. a HPD detector placed twice as far from the sample.
HPDs don’t require cooling; the CCD must be hermetically
sealed in a chamber and cooled to -45C. This preliminary
measurement verifies the improved resolution of CheMinV.

XRF geometry and sample cell description: A
divergent X-ray beam from the source fluoresces the XRF
sample cell (e.g., cell 2A in Fig. 1) which is 8 mm in
diameter and 3 mm thick. XRF data are collected with a
silicon drift detector (SDD) placed in reflection geometry.

Predicted XRF performance of CheMin-V:
Fundamental Parameters calculations [7] and Monte Carlo
methods [8] were used to model the XRF performance of
CheMin-V. Table 2 shows the calculated quantification and
detection limits for select major, minor and trace elements
in a basaltic or rhyolitic matrix.

Discussion: CheMin-V meets or exceeds the
requirements of six investigations described in the
“Scientific GOI for Venus Exploration” [9] that pertain to
measurements of Venus surface chemistry and mineralogy:
I. A. Hydrous Origins (1); I. A. Reycling (1); III. A.
Geochemistry (1); III. B. Local Weathering (1); III. B.
Global Weathering (2); and III. B. Chemical Interactions
(3). XRD and XRF are listed as payload elements of the
Venus Flagship Lander in the 2023-2032 Planetary
Decadal Survey report [10].
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