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	13 
Overview	on	manuscript	revision	14 

We	thank	both	referees	for	their	positive	and	helpful	reviews	of	our	manuscript.	The	revision	15 
comprised	the	following	main	changes:	16 

• The	presentation	of	the	imaging	method	was	clarified	regarding	the	connection	between	17 
fast	washout	and	high	repetition	rate	(Section	2).	18 

• The	assessment	of	the	spatial	significance	of	line	profiles	(Section	3.4)	was	clarified	in	19 
more	simple	terms	to	improve	readability.		20 

• The	discussion	on	impurity	localization	was	re-organized	to	better	separate	the	21 
discussion	of	the	chemical	images	and	aspects	regarding	the	imaging	method	(Section	22 
4.1).	23 

• Figure	7,8,9	were	changed	to	include	the	correlation	matrix	as	a	square	plot.	The	Figures	24 
in	the	Supplementary	Material	were	changed	accordingly.		25 

We	believe	that	these	changes	have	substantially	improved	the	manuscript.	The	responses	to	the	26 
specific	comments	and	technical	corrections	are	detailed	below	(in	blue)	together	with	the	track	27 
changes	in	the	original	manuscript	(in	red)	which	is	at	the	end	of	this	document.	28 
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Response to anonymous referee #2 29 

This paper shows some of the first images produced with a new laser ablation – ICPMS system that is 30 

configured to produce two dimensional maps at high resolution. The paper shows maps from 3 31 

cores, representing the Holocene at Talos Dome, MIS2 and MIS 5.5 at dome C. In fact the method 32 

itself and the results from the Talos Dome Holocene core have already been presented (in the 33 

authors’ JAAS paper). However this paper is definitely an advance in that it shows the wide 34 

applicability and potential of the method, displays some beautiful images for the glaciological 35 

community, and considers some issues related to how such a method should be used, processed and 36 

imaged. 37 

The highlight of the paper is certainly the lovely images we see in Figs 2-4. These really are a fine 38 

technical achievement and a joy to look at and think about. The paper considers the differences 39 

between elements (Na, Mg and Sr), and the differences between climate periods. The second of 40 

these is indicative but difficult to pursue: with only one example from each climate period, can we be 41 

sure that the findings are typical? I accept that it is unreasonable to expect more at this stage, and I 42 

am willing to ignore this problem this time. However in the future it will be necessary to see enough 43 

different sections in each climate period to really understand the rules. 44 

The discussion of how to average the records in order to use the method to its best effect is 45 

important, but is not very well-explained. I think I got it in the end, and the result is worth discussing, 46 

but I will suggest some better explanation of what was done. I like the thinking in this section though 47 

– until now it seems to have been assumed that better resolution is always good. Here the authors 48 

show clearly that better resolution helps with understanding microstructure, but will have to be 49 

sacrificed to understand large-scale layering. 50 

Overall, I do see some ways in which the explanations in the paper could be improved. But as a well-51 

illustrated proof of concept this is an excellent paper and should be published. 52 

 53 

We thank the referee for the encouraging comments, which we were able to address fully in our 54 

revision. We have clarified our approach to assessing the spatial significance of single line profiles by 55 

spatial averaging, aiming to improve readability and to present it in a clearer way. Details are 56 

presented below. We fully agree with the referee regarding the need for further data in order to 57 

better assess the significance of the results. This reasoning is also behind the framing of the title, 58 

where we refer to the datasets as “snapshots”. At the present point we believe it was important to 59 

demonstrate that images from different climatic periods do show distinct differences, and to discuss 60 

how, on this ground, the interpretation of LA-ICP-MS datasets can be improved.  61 

 62 

 63 
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Detailed comments: 64 

 65 

Page 1, line 11 “it is demonstrated how instrumental settings can be adapted specifically fit-for-66 

purpose”. This doesn’t quite make sense, I suggest “it is demonstrated how instrumental settings can 67 

be adapted to be fit-for-purpose”. 68 

Changed accordingly. 69 

 70 

Line 41. I suspect this became available after the paper was prepared but the authors may wish to 71 

reference Ng et al 2021 here as well as Rempel et al. 72 

Changed accordingly. 73 

 74 

Line 68-71. Like the other reviewer, I didn’t understand how one could reach 294 Hz if the washout 75 

time is 34 ms. Please explain this further. 76 

We see this potential misunderstanding. We followed state-of-the-art imaging techniques and used a 77 

dosage of 10 (10 overlapping laser shots per pixel) to improve image quality - but did not resolve 78 

individual pulses this way. We rephrased this in order to separate clearly the general statement 79 

about the importance of achieving fast washout (line 31) and the specific statement referring to our 80 

image acquisition (line 74). 81 

 82 

 83 
Line 75. I don’t think you mean 150 mm square! Maybe 150 um? But anyway please be clear whether 84 

this means 150 x 150, rather than a size that amounts to an area of 150 umˆ2. 85 

150 x 150. Changed accordingly. 86 

 87 

Figs 2-4. I really like the elemental maps but am a little less clear what I am seeing in the composites 88 

in part c. Perhaps it’s just the colour scale that is confusing me, because superimposing even the 89 

lightest colours shown there will certainly not give a white. Should the scales run through to very 90 

light blue/red/green to more correctly characterise what you did? 91 
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The composite images use a standard way of combining chemical channels. We agree with the 92 

referee that there are some difficulties with this approach, at least as far as using the visual 93 

inspection for quantitative co-localization investigations. This is a fundamental issue with this way of 94 

presenting the data, which would not be remedied by using a different color scale. We have referred 95 

to this in the text already but, following this comment, have added a statement to make it clearer 96 

(line 144).  97 

 98 
Line 140. I don’t really understand this discussion which leads to the discussion about the use of NIST 99 

glass reference standards. I can understand that the instrument can be more sensitive to Na, and 100 

that Na is at higher concentrations so should give higher counts. But I’m not understanding how the 101 

standards would affect the background or why this is relevant. Do you mean that there is a 102 

contamination background because of the standard? But then you’re clearly seeing a stronger signal 103 

response as well as a background response for Na. As you can see I am confused so please explain 104 

what you are suggesting here. 105 

Following the comments made by both referees, we realize that there was some unintended 106 

ambiguity in this statement, which we have now rewritten in order to clarify. We only intended to 107 

refer to the fact that a relatively higher background for Na was observed before in the study by Della 108 

Lunga et al. (2017) where the NIST glass standards (which we also used) were suggested to be a 109 

potential cause. As pointed out correctly by the referee, the main issue is however the sensitivity, 110 

which is also relatively higher for Na, making a clear signal stand out over background. We have 111 

rewritten this accordingly to clarify it (line 147). 112 

 113 
Line 170 and Table 3. Are the elemental ratios in Table 3 ratios by weight or molar ratios? 114 

The elemental ratios are given as mass ratios (weight), which we have clarified in the text. 115 

 116 

Around lines 170 and 230: You seem to suggest maybe the marine material is at the grain boundaries 117 

and the crustal dust in the grains. While this makes sense the ratio of Na/Mg in the grain boundaries 118 

is much higher than that of sea salt. Might be worth discussion. 119 

Thank you for pointing this out, we now refer to this observation in the discussion. Our main point in 120 

this context is that for Mg, we cannot easily distinguish potential sea-salt and dust-related fractions 121 

based on co-localization analysis with Na and Sr, respectively. Including additional elements may help 122 
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in the future to develop a more sophisticated distinction between marine and crustal material in the 123 

LA-ICP-MS images. Following careful consideration of the referee’s comments, we have re-organized 124 

the respective section of the discussion (line 240). We believe this will increase the readability 125 

significantly. 126 

 127 
Page 11. I found it really hard to follow what the correlation matrices in Figs 7-9 are. I think I got it in 128 

the end but please spell it out. If I have understood correctly you have taken all the parallel vertical 129 

profiles (ie at 420 um resolution you’d have 10 parallel profiles) and correlated them against all the 130 

others. This should then lead to a symmetrical pattern where perfect correlations would be white 131 

across the entire diagram. Please explain it in these kind of simple terms. I think it’s harder to grasp 132 

because you have put the figures as rectangles rather than squares, leading the reader to think they 133 

might be looking at a map, and also to the plot not looking symmetrical. 134 

This is correct. However, following this comment we have re-written the respective paragraph to 135 

clarify it in more simple terms (line 195). We are also now using square plots for the correlation 136 

coefficient and have also updated the supplementary material.  137 
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