Response to referee comments
We would like to thank both referees for their insightful com ments. Below we have
addressed the referee com m ents (in red) with our responses in black and changes
m ade to the m anuscript in blue.

Response to referee #1
General comment
This study investigated the ice-nucleating abilities of 10 different -quartz sam ples
and com pare the obtained results with feldspar literature data. The authors found a
large variability in the ice nucleation behaviour of the 10 sam ples with some being
very efficient (e.g., Bom bay chalcedony and Atkinson quartz). It was also found that
the ice-nucleating abilities of som e of the studied quartz sam ples were affected by
ageing and m illing. With the current and literature data the authors produced a new
set of param etrizations for quartz and different feldspar. The authors found that the
new K-feldspar param eterisation provides a good representation of the icenucleating activity of dust from field and laboratory studies. Finally, their analysis
show that quartz is of second order im portance for desert dust’s ice-nucleating
ability.
This is a well written and sound m anuscript with interesting results for the ice
nucleation com m unity. The experim ents were well designed and were properly
executed. The paper nicely fits with the ACP scope and it can be accepted for its
publication after the following points are properly addressed.
Major Comment
Although I really like the m anuscript, I am having a hard tim e to find the atm ospheric
relevance of the obtained results. Given that m illing is a process that does not takes
place in nature the way it was conducted in the laboratory, I am not fully convinced
that the obtained param etrisations can really be used in clim ate m odels as the
representation of true atm ospheric m ineral dust particles.
We note that this com ment on the relevance of m illing is similar to referee 2, who
asks us to m otivate the use of m illed samples.
In nature, the path from rock through to a fine dust powder which can be aerosolised
is com plex and the referee is correct to question the relevance of simply taking a
rock sam ple and m illing it. The assumption in this study (and others from groups
around the world) is the ice-nucleating ability of the m ineral samples is inherent to
the m aterial and that m illing is representative of the m echanical processes which
produce fine airborne dust in nature. We argue this on the basis that the processes
which produce atm ospheric dusts are m echanical and energetic. Rocks are broken
down into soil particles through m echanical and chem ical weathering processes and
also dust is aerosolised through the saltation process which involves im pactions of
particles which are aggressive enough to round grains and cause fragm entation of

aggregates. With m echanical processes occurring in nature we think that m illing of
m acroscopic rock sam ples to fine grain sizes is relevant. This approach has the
advantage that we can obtain relatively pure m inerals in the form of rocks or large
crystals; whereas soils are m ixtures of m any m inerals.
There are of course processes which will occur in nature that are likely to change the
activity of natural dusts since they are exposed to air and water for m any years prior
to aerosolisation. In general, ageing processes are thought to reduce the icenucleating activity of freshly ground powders, hence we m ake the assumption that
m illed samples are likely to exhibit a m axim um activity and this m ay decrease with
ageing. We have found that water and air exposure does not substantially decrease
the activity of K-feldspar (Harrison et al., 2016;Whale et al., 2017) (although acid
m ay be another story (Kum ar et al. (2018)). However, quartz shows a strong
sensitivity to tim e spent in water and so we stress in the paper that the quartz
param eterisation is likely an upper lim it representation of the ice-nucleating ability of
quartz. On the other hand, the saltation aerosolisation process is mechanically
vigorous and m ay expose fresh surfaces, hence taking this upper lim it is reasonable.
When taking this upper lim it for quartz it is still seen to be only of second order
im portance in term s of its contribution to the atm ospheric INP population relative to
K-feldspars. Hence we think our conclusion regarding the atm ospheric im portance of
quartz relative to K-feldspar is justified.
We then went on to com pare the predicted INP concentrations based on our Kfeldspar and quartz param eterisations to atm ospheric m easurements in this paper
and find that we get a reasonable prediction of the INP concentration based the on
K-feldspar param eterisation. This is consistent with the m illed K-feldspar samples
from the literature being of relevance to the atm osphere.
The other point we would like to m ake is that it is not clear how else these studies
could be done. One approach m ight be to take desert dust sam ples and exam ine
their ice-nucleating ability (as we and other groups have done). While this approach
has value (and should be used) it has a num ber of caveats associated with it too:
1. Without knowledge of which com ponents of desert dust are causing it to
nucleate ice, predictive capacity of the ice-nucleating activity of desert soils
from different regions with different com positions is limited.
2. Without knowledge of which com ponents nucleate ice we cannot predict how
desert dust’s activity will evolve as the largest particles are rem oved on
transport (m ineralogy is size dependent with K-feldspars and quartz being
preferentially in the larger size range).
3. Sam pling and re-suspension of desert dusts m ay influence its ice-nucleating
ability. Mechanical aerosolisation processes, such as rotating brushes, used
to resuspend dust m ay well change the surface properties of desert dust
particles in a m anner different to the way dust is altered in the saltation
process.

Hence, we think that in order to gain a predictive and accurate quantitative
description of ice nucleation by atm ospheric m ineral dusts it is necessary to do
experim ents with both desert dusts and also the individual m inerals in a relatively
pure state as well as conduct experim ents exam ining the sensitivity of these dusts to
ageing processes.
To address this issue in the paper we have added a new paragraph in the
introduction and a new schem atic diagram, as well as a brief statem ent in the
m ethods section stating: ‘These sam ples were reground to ensure all sam ples
initially had freshly exposed surfaces for ice nucleation experim ents. The m illing
process was used to break down m ineral crystals/powders to a sufficient size so that
they m ay be suspended in water. We argue that these freshly m illed samples are
relevant in that they represent the fresh surfaces which are likely produced by
m echanical processes in nature as rocks are broken down and particles aerosolised
through the saltation process (see Figure 1 and discussion in the introduction). We
suggest that these freshly ground sam ples of quartz represent an upper lim it to the
ice-nucleating ability of quartz in atm ospheric m ineral dust since ageing processes
m ay reduce this activity.’

Sim ilarly, I also found that the very long ageing tim es (i.e., > several m onths) are not
atm ospherically relevant.
We think that these tim es are relevant for dust in the atm osphere, because the dust
on the ground is exposed to water and air for very long periods of tim e. Hence,
exposure to air and water for m any m onths was a pragm atic sem i-quantitative way of
assessing the sensitivity of these active sites to ageing processes. We think the new
figure and the new paragraph in the introduction help to clarify this.

Minor comments
1. The title states: “The ice-nucleating ability of quartz im m ersed in water and its
atm ospheric im portance com pared to K-feldspar”. Can the laboratory experim ents be
assumed to be relevant to the atm osphere? Does m illing takes place in the
atm osphere and soil the way it was done in the laboratory?
We have addressed this in the above response to the m ajor com ment.

2. The abstract is very descriptive without quantitative data. I suggest to add the
m ost im portant quantitative results here.
The abstract has been am ended with som e pertinent num bers to illustrate the key
points.
3. The authors indicate that the base line was obtained from Um o et al. (2015). Does
it m ean that you did not run these type of experim ents prior to the heterogeneous ice

nucleation ones? How confident are the authors that this did not change since 2015?
I suggest to add your own data and to rem ove the Um o et al. (2015).
The Um o et al. (2015) baseline fit was developed from a large com pilation of
baseline m easurements to incorporate the variability within the μL-NIPI technique.
This fit provides a convenient yet robust expression of the variability within this
experim ental procedure. Baseline experim ents were conducted prior to the start of
each experim ental day with the fraction frozen curves typically being represented by
the lower range of freezing values presented by Um o et al. (2015). With this being
said we have used the Um o et al. (2015) param eterisation to show the variability of
the experim ent with greater statistics and to show a conservative estim ate of the
background (in general our baseline has im proved since 2015). As can be seen from
figure 2 it is observable that all experim ents provided freezing events that are well
above the baseline even with the m ore conservative representation by Um o et al.
(2015). The text in the m ethodology has been am ended to read:
“Prior to the start of each experim ental day purified water droplets were used to
determ ine the background freezing signal. Um o et al. (2015) com piled a large
collection of background freezing results to create a fit which represents the
variability of the background in the μL-NIPI instrum ent. The background signal
m easured in this study was in line with the lower bound set by Um o et al. (2015).”
4. Section 4.2: Is m illing atm ospherically relevant at all? Can this happen in nature to
this extent? Please m otivate this deeply.
Please see response to m ajor com ments above.
5. Conclusions: Although the authors provide potential explanations for their
observations, several sentences/conclusions seems to be speculative.
We have im proved the conclusions section by adding additional references and
m aking it clearer what new work needs to be done in the future.
We have am ended the paragraph on ageing to read:
“Related to this, we also note that solutes can alter the ice-nucleating ability of
m ineral samples (Whale et al., 2018;Kum ar et al., 2018;Kum ar et al., 2019a, b).
Sensitivity to these ageing processes and solutes could be very im portant in
determ ining the dom inant INP types globally (Boose et al. 2019). Hence, we suggest
further studies aim to build a better understanding of the relationship between the
experim ental observations and field collected sam ples to determ ine the role of
ageing in the atm osphere.”
We have added:
“Sparse data sets available for the albite and plagioclase m ineral groups lead to
lower confidence when creating param eterisations for these m ineral groups. It is
suggested that future studies expand on the current datasets of the ice-nucleating
behaviour of m inerals to im prove these param eterisations.”

And clarified that the quartz param eterisation should be thought of as an upper lim it:
“Also note that the param eterisation for quartz is for freshly m illed quartz and the
ageing results presented here and elsewhere (Zolles et al., 2015;Kum ar et al.,
2019a) suggest that the active sites on quartz are rem oved on exposure to air and
water. Therefore the param eterisation for m illed quartz should be regarded as an
upper lim it. Even with this upper lim it, quartz is of secondary im portance relative to
K-feldspars which appear to be less sensitive to ageing processes.”
6. References: Add the Doi to all references. The journal nam es m ust be
abbreviated. I find exaggerated to have 20 citations from the sam e research group.
We have am ended the reference list as suggested.
We have rem oved Jam es et al. But, we think that the other references are all
necessary and justified. Our research group has contributed significantly to this area
of research, hence the num ber of citations.

Technical comments
Line 25-26: for ice nucleation. Now corrected.
Line 27: “less active”. By how m uch? “…generally less active than K-feldspars by
roughly 7 °C”
Line 29: “m ore active”. By how m uch? “…the quartz sam ples are generally m ore
active by roughly 5 °C”
Line 51: Add a reference after “incom plete”. Am ended to “However, our
understanding of which type of aerosol particles serve as effective INPs is
incom plete (Vergara-Tem prado et al., 2017;Kanji et al., 2017).”
Line 54: “Observations of aerosol at the centre of ice crystals have shown that
m ineral dust”. Is it really at the centre? “Observations of aerosol within ice crystals”
Lines 54-56: Either state that this sentence focuses on MPC only or add other
studies such as Cziczo et al. (2013). “…act as INPs within m ixed phase clouds”
Lines 61-62: I suggest to add the review of Hoose and Mohler (2012) given that this
list is too short to reflect the huge am ount of work done with clays. Now added.
Line 117: Add a reference after “dust aerosol”. Added “(Deer et al., 1992)”.
Lines 185-186: “and a study of nitric acid hydrate nucleation on m eteoric m aterial
(Jam es et al., 2018).” It does not fit here. The sentence has been am ended to read
“This technique has been used in several previous ice nucleation studies e.g.
(Atkinson et al., 2013;O'Sullivan et al., 2014;Harrison et al., 2016) .”
Line 188: “was vigorously shaken”. Manually? Thank you, this has been am ended to
“…the suspension was vigorously shaken m anually”

Lines 119-121: “An alm ost identical m ethod was described by Harrison et al. (2016),
which was sim ilar to the work of Wright and Petters (2013).” Unnecessary selfcitation. Changed to: “This m ethodology was based on the work of Wright and
Petters (2013).”

Line 243: Delete “approxim ately 1 h later” It is redundant. This has been deleted.
Lines 245-246: “There is also consistency for som e quartz sam ples between run to
run from this study”. This was already m entioned seven lines above: "In the cases of
Bom bay chalcedony, Brazil am ethyst and Sm okey quartz, the first and second runs
where identical within the uncertainties". The sentence has been rem oved
Line 295: “sealed glass vial for”. Under dark conditions? “…sealed glass vial under
dark conditions for…”
Line 309: “a dark cupboard in sealed glass vials”. Why under dark conditions? What
atm ospheric process does it represent? The aim of this tim e series investigation
was not to sim ulate the atm osphere – see com ments above. We have sim ply
described what we did.
Line 316: “by about 3 °C”. Do the authors consider this a significant change? Text
has been am ended to read “its activity decreased by about 3 °C after four m onths in
water which is well outside the uncertainties of the experim ent.”
Line 321: “by 2 °C”. Do the authors consider this a significant change? This is
addressed in the previous sentence in the text “In contrast, the activity of Atkinson
quartz decreased dram atically”
Line 321: “after 16 m onths in water”. Is this atm ospherically relevant?
We have addressed this above.
Line 326: “for 20 m onths”. Is this atm ospherically relevant?
We have addressed this above.
Line 329: “for ~5 years in a glass vial”. Is this atm ospherically relevant?
We have addressed this above. It is certainly a relevant tim e period for dust sitting
on the surface. In this case, 5 years was simply the tim e the sam ple had been in the
lab which we opportunistically m ade use of.

Line 544-545: “quartz, but the param eterisation we present here probably represents
an upper lim it to its activity.” I am wondering if the ice-nucleating abilities of the
quartz sam ples are unintentionally overestim ated by m illing. This issue is very m uch
related to the 1st m ajor com ment on m illing, which we have now addressed m uch
m ore thoroughly. The short answer, is yes, the quartz param eterisation based on
freshly m illed material m ay be an overestim ate. This is why we refer to it as an

upper lim it. We have m ade this clearer throughout the paper, including in the
conclusions.

Response to referee #2
General Comment
The m anuscript I was asked to evaluate is dedicated to the experim ental study of
im mersion freezing behaviour of several α-quartz sam ples in pure water droplets.
The authors highlight the variability of the ice nucleation activity over different freshly
m illed quartz sam ples and investigate the short term as well as long term aging
effects due to exposure to air and water. They further propose active site density
param eterizations for several m inerals and discuss the dom inance of K-feldspar in
the ice nucleation particle population in desert dusts. While I support the publication,
I do have few rem arks that the authors should address while preparing the final
version of the m anuscript.
Major Comments
Line 387 It should rather be “….param eterisation is representative of freshly m illed
quartz dust”. Airborne dust is eroded and gets exposed to air and even water. The
authors should add a discussion about how representative is this for airborne dust.
Proposing such param eterization - especially for ‘freshly m illed’ quartz – is a bit of a
stretch for now, given that we barely understand the surface due to lim ited work
done and the high variability in its ice nucleation efficiency reported so far (including
this work).
This issue has been also been raised by referee 1 and we have now included a new
paragraph in the introduction and m ethods to justify our use of m illed samples and
how these sam ples relate to the com plex processes dust experiences in nature.
Please see the response to the m ajor com ment by reviewer 1.
We have changed Line 387 as recom m ended.
It should be clearly stated in the abstract that the study is on “freshly m illed quartz”
particles (also throughout the text) and should include a com ment on the
atm ospheric relevance of such fresh surfaces when drawing com parisons with
atm ospheric dusts.
Done
There are instances in Discussion section about cautiously using plagioclase and
albite param eterization, yet this feature does not translate in the figures. In general,
the devised param eterizations are a result of over-sim plification and m ultiple
assumptions which, though wellfitting, m ight not give a com prehensive view.
The param eterisations are created based on the current available data. Although
crude, these param eterisations provide evidence that K-feldspar is the dom inant
m ineral within m ineral dusts which is supported by the good agreem ent between

field observations and m odel predictions using lab based K-feldspar predictions. We
have now added to the conclusions section to outline the im portance of advancing
our current datasets for m ineral ice-nucleating abilities:
“Sparse data sets available for the albite and plagioclase m ineral groups lead to
lower confidence when creating param eterisations for these m ineral groups. It is
suggested that future studies expand on the current datasets of the ice-nucleating
behaviour of m inerals to im prove these param eterisations ”
Given that m em bers of K-feldspars show huge variations in their ice nucleation
ability, with only m icrocline as a standout for m ost part (Harrison et al., 2016;
Kaufm ann et al., 2016; Welti et al., 2019), would the authors say that the K-feldspar
param eterization proposed here is actually m ore representative for just m icrocline?
We think it is very im portant that we provide a param eterisation for K-feldspar in
general. We base this on the finding that m icrotexture is im portant, not the subtle
differences in crystal structure which give rise to the three K-feldspars (m icrocline,
sanidine and orthoclase). Microcline has an ordered Al position, whereas sanidine is
disordered with orthoclase having som e interm ediate disorder. The distinction
between these polym orphs is therefore som ewhat arbitrary with X-ray diffraction and
Ram an techniques since there is a continuum in ordering of Al.
The work by Harrison et al. (2016), Whale et al. (2017) and Welti et al. (2019) show
that orthoclase nucleates ice in the sam e regim e as m icrocline (in m ost instances).
How the nucleating ability of sanidine com pares to m icrocline and orthoclase is m ore
com plicated. There are exam ples of sanidine that are less active than
m icrocline/orthoclase as an ice-nucleator (whale et al. 2017, Welti et al. 2019) and
those that nucleate ice in the sam e regim e (Harrison et al. 2016). This is interesting
and m aybe a function of the form ation processes. Sanidine is a high tem perature Kfeldspar and so can cool m uch faster than other K-feldspar polym orphs and so could
exhibit phase separation to a lesser extent.
With this said, sanidine is rarely observable in atm ospheric m ineral dusts (Boose et
al. 2016) and so the param etrisation is a fair representation of the K-feldspars for the
atm osphere and is supported by the agreem ent with field observations of
atm ospheric dusts (Atkinson et al., 2013;Price et al., 2018;O'Sullivan et al., 2018).
The 4th paragraph in section 5.2 has been m odified to clarify these points:
“The data included in these plots includes all three polym orphs of K-feldspar
(m icrocline, orthoclase and sanidine), although m ost of the data is for m icrocline.
The strongly hyperactive TUD #3, exam ined by Harrison et al. (2016) and Peckhaus
et al. (2016), was excluded as it exhibited extrem ely high activity and appears to be
an exceptional case which is generally unrepresentative of the K-feldspar group of
m inerals. With this in m ind we have developed a param eterisation which represents
K-feldspars that possess exsolution m icrotexture.”

In addition, following the inform ation given in line 419-420, surprisingly recent data
on natural dust m ineralogy (Boose et al., 2016; Kaufm ann et al., 2016) was not
considered which m ay have painted a different picture.
The values quoted in Boose et al. (2016) for transported dust m ineralogy are
consistent with those in Atkinson et al. (2013). Kaufm ann et al. (2016) looked at
surface scooped sam ples only, whereas we have taken values for airborne dust
subject to transport. A reference to Boose et al. (2016) has been added in section
5.2.
Figure 2 & Methodology: It is unclear in the m ethodology whether the suspensions
were tested just once or m ultiple tim es and why no uncertainties are shown in
Fraction Frozen curves. This has been m ade clearer in section 3.2 “A second run for
each sam ple suspension, with a fresh array of droplets, was perform ed im mediately
after the first experim ent with approxim ately 1 hour between the two runs.” The
tem perature uncertainty for the fraction frozen plots is quoted in the text as 0.4 K, but
not shown in the figures for clarity.
Figure 3: There are no error bars for freezing data of quartz sam ples undergone
long-term aging in either water or exposed to air. Are these single suspension
m easurements? This should be m ade clear in the m ethodology section.
The errors are only shown for one experim ent in order to present the data m ore
clearly. The errors do not significantly change from run to run as there is the sam e
surface area of nucleator per droplet (as we use the sam e suspension) and the
num ber of droplets is sim ilar in each run. This has been m ade clearer in figure
caption 3. “Error bars for the first run of each tim e series are shown, but om itted for
the other datasets for clarity.”
Minor Comments
Line 129 Stone sam ple m illing: average particle size range inform ation of the
sam ples could be helpful. I assume from the m ethodology that the stones were
“hand-m illed”. Given that quartz is such a hard m ineral, one m ight still end up with
powders consisting of large particles which contribute m ore to the m ass fraction
when preparing suspensions. I would highly encourage the authors to consider
adding a discussion on size of m ineral particles typically found at/near source
regions versus the size range of particles probed in the experim ents and its
atm ospheric relevance.
We m ake the assumption that ice nucleation scales with surface area, and report the
ice active sites per unit surface area. We also m ake this assumption when
considering the atm osphere. Whether the density of sites varies with particle size is
an interesting question, but beyond the scope of this project. The BET surface areas
are all within a factor of ~5, hence the m ean particle size of the different sam ples is
sim ilar. Based on the BET surface area and a density of 2.65 g cm -3 we expect a
spherical equivalent average size of ~ 0.5 µm to 2.5 µm . Table 1 has been am ended

to show these sizes and the new figure (figure 1) includes inform ation on grain sizes
in nature.
Lines 139-141 Glass vials as suspension storage containers: Glass is a source of Si
and other ionic contam ination. If the suspension reaches supersaturation in Siconcentration with respect to quartz surface, it is likely that the quartz surface will
start to grow over longer tim e scales and affect the ice nucleation ability of quartz
(Kum ar et al., 2019a). This process is governed by several factors eg. Si
concentration, particle surface exposed, growth rate, etc. (Baughm an, 1991), which
does not seem to lead to sim ilar deteriorating IN efficiency in quartz sam ples tested
here in this study. It would be good if the authors could com ment on this or add a
discussion.
We discuss Kumar’s results in the second paragraph of section 4.3.
Line 248-286 Could it be that the indifferent IN ability in cases of Bom bay
Chalcedony and Sm oky quartz during aging in water com pared to Atkinson quartz be
due to lower particle surface area exposed (low BET hence slower aging effect) for
form er 2 sam ples? Would have been interesting to see the long-term aging of the
other chalcedony (Grape) which has similar BET value as Atkinson quartz.
This is an interesting concept and one we cannot definitively answer given our data.
Grape chalcedony did show one of the largest sensitivities in the initial experim ents
(an hour left in water until the repeat run of the suspension). However, we do see
that Bom bay chalcedony does show less sensitivity to tim e left in water opposed to
Sm oky quartz (which has a sim ilar surface area). We also see in the initial
experim ents that som e quartz sam ples that had sim ilar or lower surface areas than
Bom bay Chalcedony showed sensitivity (to tim e left in water) on the hourly tim e
scale. This would indicate that the am ount of surface area exposed cannot entirely
explain the sensitivity of the sam ples and likely the nature of the sites also dictates
the effect of ageing.
Line 293 what exactly is m eant by “dangling OH groups”? Highly hydroxylated quartz
surfaces are dom inated by vicinal and germ inal silanols (Muster et al. (2001) and
references therein) which then tend to create network of H-bonds with each other
(Musso et al., 2011; 2012), therefore, not really free and “dangling” per se.
We have changed this to refer to surface OH groups .
Technical comments
Since the m anuscript exclusively talks about ice nucleating ability of various
m inerals, I would suggest the term “m aterial/m aterials” be replaced by
“m ineral/m inerals” throughout the m anuscript (eg. line 19, 171, 207 etc.) The text has
been altered accordingly.
Line 24-28 This is a long sentence. This can be split into 2 to better convey the
m eaning, eg. 2nd sentence could be "the ice nucleation particle population in desert

dust aerosol is dom inated by Kfeldspars rather than quartz (or other m inerals)."
Thank you. The abstract has been edited accordingly.
Line 41 “type of aerosol particles” instead of “aerosol types” Now corrected
Line 43 “Field observations of ice crystal residuals” instead of “Observations of
aerosol at the centre of ice crystals” We acknowledge this suggestion but have
edited the text as follows. We wanted to avoid the term residual, since those
unfam iliar with the field won’t know what it is. The other referee also had a
suggestion for this sentence. “Observations of aerosol within ice crystals have shown
that m ineral dust is often present…”
Line 44 Cite the accepted ACP version of Eriksen Ham mer et al. (2018) Now
updated.
Line 46-49 May consider splitting this into “Atm ospheric m ineral dusts are com posed
of several com ponents. Clay is the m ajor com ponent of airborne m ineral dust and is
sufficiently sm all that its atm ospheric lifetime is relatively long. Hence recent ice
nucleation studies have focused on the clay group of m inerals.” Thank you, this has
now been reworded as follows “Atm ospheric m ineral dusts are com posed of several
com ponents. Clay is the m ajor com ponent of airborne m ineral dust and is sufficiently
sm all that its atm ospheric lifetim e is relatively long. Hence, historically ice nucleation
studies have focused on the clay group of m inerals (Broadley et al., 2012;Murray et
al., 2011;Wex et al., 2014;Mason and Maybank, 1958;Pinti et al., 2012;Roberts and
Hallett, 1968).”
Should be ‘INPs’ in place of ‘ice nucleants’ (line 51) and ‘ice nucleating m aterial’ (line
71) corrected
Line 67 ‘repeated’ instead of ‘repeat’ Corrected
Line 70 rem ove ‘quite’ Am ended
Line 74 “over tim e when suspended in water or exposed to air” would be better in
place of ‘to tim e spent in water or air’. Thank you for this suggestion. However, the
particles were not suspended in water during the tim e series experim ents. They were
left in water over tim e and so would settle to the base of the vial. They would only be
suspended prior to the start of a new experim ent. We have am ended the text as
follows “We also explore the stability of a subset of these sam ples to tim e spent in
water or exposed to air”
Line 104 TiO2 is m entioned twice. Rem ove one of them Corrected
Line 139 this line gives the im pression that the sam ples undergoing BET tests were
used to m ake suspensions, which I believe is not the case. Consider rem oving “After
BET analysis” In som e instances we had sm all amounts of sam ple so that we did
have to use the sam e sample as what was used in the BET tests. We have added
the following section of text as clarification “In som e instances we had sm all amounts
of sam ple so the sam ple used for BET analysis was subsequently used for the
succeeding ice-nucleation experim ents.”

Line 176-177 delete ‘specific’ from line 176 and add it before “surface area” in line
177 Thank you, this is now am ended
Line 293-295 give references after ‘configuration’
This is our own inference based on our understanding of the system .
Line 332 “It m ay be these m icrotextural differences that lead to the observed
variability in icenucleating ability” Am ended
Line 377-379 Consider re-phrasing the lines to “However, we constrained the
polynom ial fits because the unconstrained fits poorly represented the data at the
warm est and coldest ends.” for easy understanding. We have reworded the text as
follows “These fits were constrained at the warm est and coldest tem peratures due to
a poor representation of the data at these regim es when left unconstrained.”
Line 415 “its exceptionally high ice nucleation ability” in place of ‘it exhibiting
exceptional behaviour’ This has been rephrased as follows “Am elia albite from the
Harrison et al. (2016) study was excluded due to its exceptional ice-nucleating ability
m aking it unrepresentative of the other five albite sam ples.”
Line 447 can also add Kum ar et al. (2018); Kum ar et al. (2019b) in the references in
regards to aging of K-feldspar m icrocline Thank you. The references have been
added.
Line 471-472 Fig 8b shows param eterisation for desert dust by Niem and et al.
(2012) in blue dashed lines and the K-feldspar param eterisation proposed in this
study by solid red lines Am ended as follows “K-feldspar param eterisation developed
by Atkinson et al. (2013) (in black dashed lines), the param eterisation for desert dust
by Niem and et al. (2012) (blue dashed lines) and the K-feldspar param eterisation
proposed here (red solid lines).”
Lines 506-510 Weathering in solutes has already been addressed by Whale et al.
(2018) and 3 Parts series from Kum ar et al. and should be addressed as part of this
paper rather than referring to future work We have now added the following section
of text “Related to this, we also note that solutes can alter the ice-nucleating ability of
m ineral samples (Whale et al., 2018;Kum ar et al., 2018;Kum ar et al., 2019a, b).
Sensitivity to these ageing processes and solutes could be very im portant in
determ ining the dom inant INP types globally (Boose et al., 2019). Hence, we
suggest further studies aim to build a better understanding of the relationship
between the experim ental observations and field collected sam ples to determ ine the
role of ageing in the atm osphere.”
Line 642, 666 and 673 - cite the accepted ACP version of these papers: Kum ar et al.
(2019a), Peckhaus et al. (2016), Pinti et al. (2012) Am ended
Figure 2 add suspension concentration in caption Done

Figure 5 Niederm eier et al. (2015) - correct author nam e in figure legend. Also, the
curves are difficult to read, especially with orange-red tones, m aybe use other dark
colors. Size of sym bols in legend needs to be increased for better readability Done
Figure 8 Check references to Boose et al 2016 (for 'a' and/or 'b') for data used in the
figure. Sym bol size in legend should be increased. Corrected
In line 826 “….the natural m ineral variability of freshly m illed quartz highlighted….”
Line 795-796 equation form atting needs im provem ent Corrected

We would also like to bring to the attention of the reviewers that an erratum has been
issued for Zolles et al. (2015). As a result the quartz param eterisation from this study
has been am ended. We have also added quartz data from a volcanic ash study to
increase the data density for quartz (Losey et al., 2018). This has resulted in a
slightly m odified m illed quartz param eterisation which is then used in the proceeding
plots and discussions. The am ended param eterisation did not significantly change
and it has had no im pact on the discussion and conclusions of the paper.
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