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Nanophase weathering products are nanometer-scale mineraloids that are 
amorphous or have short-range atomic order and result from incipient chemical 
weathering.  Nanophase weathering products are common in terrestrial volcanic 
soils and include allophane and imogolite (hydrated aluminosilicates), hisingerite 
(hydrated ferric silicate), and nanophase iron oxides (e.g., ferrihydrite, np 
goethite, and np hematite).  X-ray diffraction (XRD) data from the CheMin 
(Chemistry and Mineralogy) instrument on the Mars Science Laboratory rover 
from the Rocknest soil indicate that amorphous material is present, based on a 
broad amorphous scattering hump and a low-angle intensity rise [1,2].  Identifying 
the types of amorphous phases present is important because they can tell us 
about the chemical weathering environment at Gale crater (e.g., what igneous 
minerals were weathered, the pH of the solutions).

  

Question: What is the nature of the nanophase materials in the Rocknest 
soil and what do they tell us about chemical weathering at Gale crater?

To help answer this question, we synthesized a variety of nanophase weathering 
products and measured their XRD patterns in a laboratory testbed version of 
CheMin.

10 20 30 40 50

Two-Theta (deg)

x10
3

2.0

4.0

6.0

8.0

10.0

In
te

ns
ity

(C
ou

nt
s)

Reference Intensity Ratios (RIR)
Quantitative analysis of amorphous phases from CheMin data is achieved through the measurement of 
Reference Intensity Ratios (RIR) for use in FULLPAT models [3].  The RIR of a mineral/mineraloid relates 
the scattering power of that mineral(oid) to the scattering power of a separate mineral standard [4].  RIRs 
are calculated from XRD patterns by mixing a mineral(oid) with a standard in known abundances and 
comparing diffraction line intensities of the mineral(oid) to the standard.  Nanophase weathering products 
have broad scattering signatures rather than sharp diffraction lines, so RIRs of these materials are 
calculated by comparing the area under a broad scattering signal to the area under a diffraction line in the 
standard.

We measured XRD patterns of nanophase weathering products mixed with a mineral standard (beryl) in 
50:50 weight proportions in the CheMinIV laboratory instrument.  Freeze-dried products were mixed with 
<45 um beryl, and air-dried and sieved products were mixed with 45-90 um beryl.  RIRs were determined 
by measuring the area under the beryl peak at 12.8 two-theta and under the X-ray amorphous low-angle 
intensity rise from 4-10 two-theta [4].

The synthetic nanophase weathering products were also measured without the beryl standard on a 
conventional PANalytical X-ray diffractometer with Bragg-Brentano geometry to measure the positions of 
their amorphous scattering humps.

Mineraloid Syntheses
We synthesized Si-, Fe-, and Al-bearing mineraloids 
that are common in weathered basalts: allophane 
(molar Si/Al = 0.44, 0.61, and 0.92), aluminosilicate 
gel (Si/Al = 5.6), Fe-bearing allophane, amorphous 
Fe-silicate, and two-line ferrihydrite.  The 
aluminosilicate gel, two of the allophane 
compositions, and the two-line ferrihydrite were 
freeze-dried to create a fine overall grain size.  The 
Fe-bearing allophane, amorphous Fe-silicate, and 
one allophane composition (Si/Al = 0.61) were air 
dried to create a granular texture and were sieved to 
the 45-90 um size fraction.  

Transmission electron microscope (TEM) images of a synthetic aluminosilicate 
gel.  Nanophase weathering products like this gel are composed of particles a few 
nanometers in diameter.  Electron diffraction patterns show that nanophase 
weathering products are noncrystalline.

Rocknest Soil CheMin XRD Pattern - Scoop 5

Evidence for amorphous materials in the Rocknest XRD patterns is a broad 
amorphous hump in the background and a low-angle intensity rise.

amorphous hump

low-angle rise

What is the amorphous material in Rocknest and what does it mean for aqueous processes affecting the Rocknest soil?
 FULLPAT models indicate that the Rocknest soil is made up of ~30% amorphous material [2].  The best models are consistent with ~30% 
basaltic glass, and the character of the amorphous scattering from the Rocknest material was similar to that observed for synthetic Gusev 
composition basaltic glass (see Achilles et al. poster [5], just two posters down), and ~2% aluminosilicate gel with a molar Si/Al ratio of 5.6 
(i.e., a low amount of Al).
 Chemical models of the bulk composition of the amorphous component from APXS data indicate that it contains high total Fe and low 
amounts of Si and Al relative to a basaltic glass composition, suggesting the presence of nanophase Fe-oxide and Fe-silicate, like hisingerite 
[6].  SAM evolved gas analyses of the Rocknest soil are also indicative of nanophase weathering products [7].  Compared with the Gusev 
and Meridiani basaltic soil, the amorphous component of the Rocknest soil appears more altered, based on chemistry and EGA data.
 Although FULLPAT XRD models identify basaltic glass as the main amorphous constituent of the Rocknest soil, those models are not 
consistent with the chemical composition of the amorphous component, the SAM EGA data, or color of the soil (red, consistent with the 
presence of npOx).  The disconnect between the XRD models and the chemistry and EGA data suggests that we do not have the correct 
nanophase materials in our XRD database.  We are currently working to add more nanophase materials to our database to further perfect our 
XRD models of the Rocknest soil and investigate weathering products that may be identified by future CheMin analyses.

Effects of Nanophase Materials on Soil Chemical Properties
 Nanophase materials have high surface-area-to-volume ratios and variable surface charge, giving them the ability to adsorb H2O and ions 
onto their surfaces.  SAM EGA data are consistent with the presence of H2O adsorbed onto weathering products [7].
 Anions like sulfate and phosphate form strong covalent bonds to the surfaces of nanophase weathering products and anions like chloride 
are attracted electrostatically.  Ion adsorption onto nanophase materials could account for some of the P2O5, SO3, and Cl in the amorphous 
component [8].

Sample RIR
Allophane Si/Al = 0.44 4.5
Allophane Si/Al = 0.61 5.9
Allophane Si/Al = 0.92 6.3

Aluminosilicate gel Si/Al = 5.6 6.1
Fe-allophane 7.36

Amorphous Fe-silicate 5.34
Ferrihydrite 13.8

RIRs calculated from the area under 
the low-angle intensity rise were used 
in FULLPAT [3] models of the 
Rocknest soil to estimate 
abundances of the nanophase 
weathering products [2].

Caclulated Reference Intensity Ratios

 XRD patterns of mineraloids display broad amorphous humps and 
low-angle scattering.

 Position of the amorphous humps and the steepness of the rise 
are diagnostic of different nanophase weathering products, allowing 
for differentiation between these materials.

 Patterns were measured on a conventional PANalytical X-ray 
diffractometer.

RIRs were measured from CheMinIV patterns of nanophase materials mixed with 
beryl in 50:50 weight proportions.

area under beryl peak for RIR calculation

area under 
low-angle rise for 
RIR calculation

area under beryl peak for RIR calculation

area under 
low-angle rise for 
RIR calculation

References Cited and Acknowledgements
[1] Blake, D. F., et al. (2013) LPS XLIV, Abstract #1289. [2] Bish, D. L., et al. (2013) LPS XLIV, Abstract #1111. [3] Chipera, S. J., and Bish, D. L. (2002), FULLPAT: A full-pattern quantitative analysis program for X-ray powder diffraction using measured and calculated patterns, J Appl. 

Crystallogr., 35, 644-649. [4] Snyder, R. L. and Bish, D. L. (1998), Quantitative Analysis, Rev. Mineral., 104, 44. [5] Achilles, C. N., et al. (2013) LPS XLIV, Abstract #3072. [6] Morris, R. V., et al. (2013) LPS XLIV, Abstract #1653. [7] Archer, P. D. et al. (2013) LPS XLIV, Abstract #1720. [8] 

McAdam, A. C., et al. (2013) LPS XLIV, Abstract #1751. This work was supported by a NASA Postdoctoral Program grant.

Position [°2Theta] (Cobalt (Co))

Position [°2Theta] (Cobalt (Co))


