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Overview	on	manuscript	revision	14	

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

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

• The	assessment	of	the	spatial	significance	of	line	profiles	(Section	3.4)	was	19	
clarified	in	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	22	
(Section	4.1).	23	

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

We	believe	that	these	changes	have	substantially	improved	the	manuscript.	The	26	
responses	to	the	specific	comments	and	technical	corrections	are	detailed	below	(in	27	
blue)	together	with	the	track	changes	in	the	original	manuscript	(in	red)	which	is	at	the	28	
end	of	this	document.		29	
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Response	to	referee	#1	David	M.	Chew	30	
Dear	editor,	31	
This	is	an	interesting	study	employing	LA-ICP-MS	mapping	of	ice	cores	from	Antarctica.	32	
The	glaciology/climatology	aspects	are	not	my	area	of	expertise,	so	my	substantive	33	
comments	below	mainly	concern	the	methodology.	The	paper	is	generally	easy	to	34	
follow,	but	there	are	many	instances	of	awkward	phrasing.	I	have	a	list	of	suggested	35	
typographical	improvements	below,	but	the	paper	should	have	a	quick	edit	by	a	native	36	
English	speaker.	I	recommend	minor	revisions.	37	
We	thank	the	referee	for	the	comments,	which	especially	helped	to	present	the	38	
methodology	more	clearly.	We	have	addressed	all	comments	as	described	below	and	39	
have	also	tried	to	improve	the	readability	of	the	text	with	the	help	of	a	native	English	40	
speaker.		41	
	42	
A	washout	of	34	ms	is	quoted	(i.e.	the	system	is	capable	of	returning	to	baseline	with	a	43	
repletion	rate	of	29Hz).	Yet	it	says	in	the	paper	L70-71	“With	washout	times	in	the	tens	44	
of	ms	range,	the	recording	of	baseline-separated	single	pulses	at	high	repetition	rates	45	
becomes	possible;	294	Hz	and	a	dosage	of	10	were	used	here”.	There	is	no	way	with	a	46	
washout	of	34	ms	that	that	you	would	see	baseline-separated	single	pulses,	so	some	47	
rewording	is	needed	here.	Additionally,	the	term	“dosage”	is	not	used	all	that	commonly	48	
in	the	LA-ICP-MS	literature.	I	would	define	it	in	one	sentence,	and	the	recent	JAAS	article	49	
by	Šala	et	al.	could	be	cited.	50	
We	now	realize	that	the	two	sentences	can	be	misunderstood.	With	a	dosage	of	10	we	51	
improve	the	image	quality	but	do	not	separate	individual	pulses	anymore.	To	avoid	this	52	
misunderstanding,	we	decided	to	separate	the	general	statement	regarding	the	benefit	53	
of	fast	washout	and	the	specific	statement	regarding	our	acquisition	settings.	The	54	
general	statement	is	now	moved	to	the	introduction,	where	the	use	of	fast	washout	55	
technology	was	already	mentioned	(line	31).	This	way,	we	are	focusing	in	the	method	56	
section	solely	on	the	description	of	our	acquisition	settings.	We	are	also	including	the	57	
suggested	reference	by	Šala	et	al.	and	give	an	explicit	explanation	of	the	term	“dosage”	58	
(line	74).	59	

	60	
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	61	
The	isotopes	23Na,	25Mg	and	88Sr	were	measured,	with	dwell	times	of	4,	4.6	and	10	ms	62	
respectively.	What	was	the	total	sweep	time	(i.e.	including	settling)	and	the	duty	cycle?	63	
The	total	sweep	time	was	set	to	34	ms,	matching	the	washout	time	in	order	to	avoid	64	
image	artefacts.	We	routinely	acquired	four	analytes,	including	Na,	Mg,	Sr	and	the	65	
additional	mass	55Mn,	the	latter	with	a	dwell	time	of	10	ms.	This	results	into	a	total	duty	66	
cycle	of	~84%.	We	added	this	information	to	the	text.	(line	86).	67	

	68	
L138-140	“The	relative	higher	background	level	seen	in	Na	has	been	observed	before	in	69	
LA-ICP-MS	ice	core	analysis	and	was	suggested	to	be	related	to	the	use	of	NIST	glasses	70	
as	reference	materials	(Della	Lunga	et	al.,	2017).”	Same	would	probably	apply	to	any	71	
soda-lime	glass.	But	my	main	query	here	were	the	signal	intensity	maps	not	72	
background-corrected?	And	if	not,	why?	73	
Following	the	referees’	comments,	we	find	that	we	have	to	clarify	here	the	fact	that	the	74	
higher	levels	observed	for	Na	are	mainly	due	a	higher	(absolute)	instrumental	75	
sensitivity	for	the	element,	but	we	cannot	exclude	some	memory	effect	due	to	the	76	
contextual	ablation	of	glasses	for	tuning,	drift	correction	and	quantification,	as	77	
hypothesized	by	Della	Lunga	et	al.	2017.	We	decided	to	reword	this	paragraph	to	avoid	78	
this	potential	misunderstanding	(line	147).	To	answer	the	question:	Yes,	the	signal	79	
intensity	maps	were	in	fact	background	and	drift	corrected,	this	is	already	explicitly	80	
stated	in	Lines	84-85	of	the	original	manuscript.			81	

	82	
	83	
Typographical	improvements		84	
All	suggested	changes	were	made	accordingly.	85	
	86	
L54	“In	presence	of	a	variable	signal”	–	reword	start	of	sentence.	87	
Changed	accordingly.	The	respective	sentence	was	reworded.	88	
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	89	
L56	delete	“on	this	ground”	90	
Changed	accordingly.	91	
	92	
L63	“keeps	the	ice	samples	surface	temperature	durably	at”	–	change	to	“keeps	the	93	
surface	temperature	of	the	ice	samples	consistently	at”	94	
Changed	accordingly.	95	
	96	
L91	“Sample	selection	was	guided	to	consider	ice	of”	change	to	“Sample	selection	97	
targeted	ice	at”	98	
Changed	accordingly.	99	
	100	
L93	change	to	“calls	for	mapping	large	areas”	101	
Changed	accordingly.	102	
	103	
L99	change	to	“local	maximum	in	grain	radius	at	around	3.5	mm”	104	
Changed	accordingly.	105	
	106	
L106	use	of	“sections”	is	confusing	in	this	sentence.	Are	we	talking	about	different	107	
samples,	or	area	/	domains	within	a	sample.	108	
We	are	actually	referring	to	certain	parts	of	the	image.	We	clarified	this	sentence	109	
accordingly.	110	

	111	
L109	delete	‘their’	112	
Changed	accordingly.	113	
	114	
L121	“In-grain	intensities	of	Mg	and	Sr”	is	not	clear.	115	
Reworded	to	clarify.	116	
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	117	
L129	change	to	“in	the	Mg	and	Sr	signal	distribution”	118	
Changed	accordingly.	119	
	120	
L133	delete	“the	image	of”	121	
Changed	accordingly.	122	
	123	
L146	change	to	“since	they	are	superior	in	such	cases”	124	
Changed	accordingly.	125	
	126	
L159-160	change	to	“allows	image	segmentation	based	solely	on	the	LA-ICP-MS	images	127	
to	be	performed”	128	
Changed	accordingly.	129	
	130	
L174	change	to	“between	3-6	times	higher	than	for”	131	
Changed	accordingly.	132	
	133	
L176	and	177.	I	do	not	follow	either	of	these	two	sentences”	“Both	effects	translate	into	134	
an	analogue	situation	for	the	ratios,	with	the	exception	of	the	Mg/Sr	ratio.	In	grain	135	
boundaries,	the	latter	shows	only	comparatively	a	small	difference	between	MIS	2	and	136	
MIS	5.5.”	137	
We	have	reworded	both	sentences	in	order	to	clarify.		138	

	139	
L186-7	delete	“It	is	important	to	note	that	this	analysis	assumes	the	continued	presence	140	
of	optimized	instrumental	settings,	thus	no	further	artifacts	are	introduced.”	141	
Changed	accordingly.	142	
	143	
L188	what	is	the	“transversal	dimension”?	Do	not	follow.	144	
We	have	rephrased	the	respective	section	in	order	to	clarify	what	was	done.	145	
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	146	
L192	change	to	“since	it	features”	147	
Changed	accordingly.	148	
	149	
L197	change	to	“while	comparatively	smaller	grains”	150	
Changed	accordingly.	151	
	152	
L200	change	to	“only	a	small	influence”.	I	do	not	follow	“the	relative	transversal	153	
position”	part	of	the	sentence.	154	
Rephrased	to	clarify.	155	

	156	
L202	delete	“at	the	steps	shown	here”	157	
Changed	accordingly.	158	
	159	
L210	change	to	“but	extend	approach	to	samples	from	core	sections”	160	
Changed	accordingly.	161	
	162	
L217	replace	“analyzing”	with	“of”	163	
Changed	accordingly.	164	
	165	
L218-9	reword	to	“However,	prior	to	the	advent	of	the	LA-ICP-MS	imaging	technique,	166	
elemental	maps	had	to	be	acquired	using	arrays	(grids)	of	laser	spots	with	spot	sizes	167	
larger	than	100	μm,	followed	by	spatial	interpolation”	168	
Changed	accordingly.	169	
	170	
L231	change	“may	have	fractions”	to	“may	be”	171	
Changed	accordingly.	172	
	173	
L237	I	do	not	follow	‘may	show	“pinning	of”	or	“dragging	with”	174	
Rephrased	to	clarify.	175	
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	176	
L244	delete	“exemplarily”	(this	word	is	used	incorrectly	in	all	instances	in	the	paper	177	
Changed	accordingly	(and	revised	throughout	the	paper).	178	
	179	
L254	delete	“here	analyzed”	180	
Changed	accordingly.	181	
	182	
L257	delete	“already	investigate”	183	
Changed	accordingly.	184	
	185	
L262-3	“image	analysis	applied	to	investigating	the	chemical	images	is	advantageous”	186	
Changed	accordingly.	187	
	188	
L269	delete	“signal	of”	189	
Changed	accordingly.	190	
	191	
L272	replace	“task”	with	“goal”	192	
Changed	accordingly.	193	
	194	
L296	change	to	“not	a	generally	applicable	value,	however	as	the	larger	grains”	195	
Changed	accordingly.	196	
	197	
L305	change	“recording”	to	“imaging”	198	
Changed	accordingly.	199	
	200	
L311	change	“regarding”	to	“for”	201	
Changed	accordingly.	202	
	203	
L321-2	“are	more	distributed”	is	not	clear	204	
Rephrased	to	clarify.	205	

	206	
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L324-6	change	to	“Simulations	of	coarser	resolution	experiments	shows	that	the	spatial	207	
significance	of	a	single	line	profile	increases	as	the	imprint	of	grain-boundaries	weakens	208	
at	coarser	resolution.”	209	
Changed	accordingly.	210	
	211	
L326	change	to	“This	allows	settings	to	be	adapted	specifically	fit-for-purpose”		212	
Changed	accordingly.	213	
	214	
Figure	5	caption.	Change	second	sentence	to	“A	linear	regression	(red	dashed	line)	is	215	
shown	purely	as	a	visual	aid.”	216	
Changed	accordingly.	217	
	218	
Figure	7	caption.	Change	first	sentence	to	“Example	images	illustrating	the	effect	of	219	
decreasing	the	spatial	resolution	of	the	original	image	(a)	in	35	μm	steps	in	the	vertical	220	
and	horizontal	direction	(see	text).	221	
Changed	accordingly.	222	
	223	
Table	2	caption.	Delete	“Overview	on	results	from”	224	
Changed	accordingly.		225	


