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General comments

This Technical Note provides a compendium of important mineralogic, chemical, phys-
ical properties of widely distributed materials (mostly surface soils and aeolian sedi-
ments) sampled from re-suspension in the PM2.5 and PM10 size fractions. The pri-
mary goal is to provide data that can be used to evaluate the effects of atmospheric
dust primarily with respect to radiative forcing and human health. The measurement
of radiative properties during re-suspension and comparison with compositional pa-
rameters provides important information relating dust mineralogy to optical properties
(Fig. 4.5-1). The SEM micrographs and accompanying EDS spectra are of excep-
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tional quality and provide a helpful view into typical mineralogic complexity of PM2.5
particles. The comparisons among SSAs, iron, and clay minerals invite collaborative
discussions about alternative explanations for the observed relations.

Specific comments.

The manuscript emphasizes the relations among iron, clay minerals, and optical prop-
erties. Fe is interpreted to mostly reside in montmorillonite on the basis of correlation of
Fe and Al (p. 11). Certainly, some Fe is structurally bound in many of the clay minerals
encountered in this study. But how much? A quick scan of literature and text books
indicate typical structural Fe concentrations in montmorillonite and illite between ∼1
and 7 wt %, expressed as Fe2O3. (Of course, chlorite and nontronite by classification
and structure contain a lot of Fe – on the order of 8-20+ wt % Fe2O3.) Considering
the samples that contain primarily rock-derived sediment (i.e., ignoring salt-/carbonate-
/diatom-bearing playa samples), the correspondence between Al and Fe could also be
attributed to the co-existence of ferric oxide minerals (hematite and goethite) with clay
minerals, in varying relative proportions depending on factors of provenance, sorting,
and pedogenesis, in some instances.

One reason for my concern (with background in iron oxides but not in clay minerals)
stems from the relations illustrated in the scatter plots of Fig. S4-4. The ratios of Fe2O3
to Al2O3 for most samples (blue markers) seem to be about 0.7.

Some sleuthing on chemical analyses of clays, including “standards” used for re-
flectance spectroscopy (http://speclab.cr.usgs.gov/spectral.lib06/ds231/datatable.html
) reveals the following Fe2O3/Al2O3 ratios:

illite: 0.07-0.29

montmorillonite: 0.04-0.28

kaolinite: 0.01-0.04

chlorite: 0.48
C2

http://www.atmos-chem-phys-discuss.net/
http://www.atmos-chem-phys-discuss.net/acp-2016-286/acp-2016-286-RC2-print.pdf
http://www.atmos-chem-phys-discuss.net/acp-2016-286
http://creativecommons.org/licenses/by/3.0/


ACPD

Interactive
comment

Printer-friendly version

Discussion paper

These ratios are based on the following analyses for Fe2O3 wt %:

Illites: 1.6, 6.4, 4.99

Montmorillonite: 5.8, 3.2, 3.5, 1.4, 1.75, 1.2, 3.85

Chlorite 8.3

In many of this study’s samples, there seems to be a large excess of chemical Fe2O3
that cannot represent structural Fe in clays.

I suggest that the authors reconsider their interpretation that the correspondence be-
tween Fe and Al is produced primarily by structural Fe in clay minerals. I suggest
instead that – except perhaps for the samples low in Fe and Al – the “excess Fe” is
better explained by the presence of the minerals hematite and goethite these sedi-
ments, beyond their abundance attributed by the authors. The reason that these ferric
oxides have not been commonly noted is that researchers have not looked closely
enough for them with specialized instrumentation, which is admittedly difficult to ac-
cess. These minerals appear to be common in fine-grained, rock-derived sediments
worldwide. They are probably ubiquitous in sediments having hues of red, orange, and
yellow. Recent work shows these ferric oxides to be commonly nano-sized (<50 nm)
and to occur as discrete particles within and on clay minerals and in other occurrences
in the same sample. They are revealed by certain magnetic properties and Mössbauer
spectroscopy especially at 4.2K (liquid He temperature) because these ultrafine min-
erals are magnetically ordered at very low temperatures but not at room temperature.
The nano-ferric-oxide minerals can be observed (and confirmed as Fe oxide) under
very high resolution SEM with EDA beam diameters on the order of a few 10s nm. I
suggest that the dust community consider the following: The radiative properties of at
least many samples (standards and natural) described as containing Fe-bearing clays
are actually strongly controlled by the presence of ferric oxide minerals, many of which
are nano-size (Reynolds et al., 2014a, 2014b; Moskowitz, manuscript in review). This
distinction is no small matter with respect to modeling the radiative effects of dust in
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the atmosphere and on surfaces of ice and snow.

The authors similarly attribute the correspondences between Ti - Al and Mn – Ti to
residence of Ti and Mn in clays. It appears to me that much of the Ti and Mn are
associated with Fe(-Ti) oxide minerals such as ilmenite (usually <5 wt %) and (or) the
generally more abundant ferromagnesium silicates, as identified in many samples.

Issues of “long-range transport” [not defined] of dust particles “typically < 9 microns”:
A body of work indicates the presence of larger particles transported at regional (10s
to many 100s km) and global scales (many 1000s km). A few articles on the topics
are: Beltzer et al., 1988; McTainsh et al. 1997; Middleton et al., 2001; Alastuey et al
2005, Chan et al., 2005; Lawrence and Neff, 2009; Neff et al., 2013; van der Does et
al., 2015.

Particles >PM10 certainly have important effects on the Earth System through radia-
tive properties (atmospheric and snow/ice melt), infrastructure, health (in the upper
respiratory system if not deeper), and fertilization.

Was there any black carbon in any of the samples that might have enhanced measured
radiative properties?

P. 2, lines 8-9. Please see Ghio et al., 2014 with respect to medical studies of biologic
effects of dust on human lung cells.

One comment about presentation that I did not include in my previous "comments":

I think that the section (3.1) on samples and settings could be organized more tightly
among the sub-sections (e.g., 3.1.1, 3.1.2, 3.1.3,....3.1.25). Some samples are de-
scribed in adequate detail but others are very vague (e.g., "The two samples from Utah
were similar to each other, both taken along a dirt road" does not convey any mean-
ingful information and leaves open many questions–what are the local substrates; was
the road graveled and (or) graded? And more. With parallelism and more consistency,
Section 3.1 would be more easily read and informative.
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