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Response to Reviewer #1 (J. Cole-Dai).
Reviewer 1: The description of the methodology in this paper is ambiguous or incomplete in several places. This may be due to the fact that similar methodology has been
used and described in other ice core studies. However, detailed and accurate description of the various aspects of ice core analysis, data analysis and synthesis, and dating
procedures is necessary in order that readers can assess the quality and validity of
the work and the conclusions. . . First, the depth intervals of the four cores and snowpit
samples listed in Table 1 appear to be those analyzed for this work. But it is no clear
what the length is for each of the three cores. I think both information (length of core
and depth interval analyzed and used for this paper) should be provided.
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Authors: Thank you for your valuable remarks. The list of used cores will be added by
cores’ length in corrected manuscript.
R1: Second, although measurement of ionic concentrations of ice cores with ion chromatography has become somewhat routine in ice core research, the minimization and
elimination of contamination during sample preparation and analysis is still crucial and
must be verified in each lab and assured on a daily basis. The description of sample
preparation and analysis (Page 4, lines 4-15) provides no information on quality control of the analysis concerning contamination. At a minimum, the description should
contain information on the results of procedure blanks during the analysis.
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A: Yes, we agree with it. This methodological section will be re-written in more details.
Moreover we will include the link to inter-laboratory calibration data (with LGGE).
R1: Third, four sets of ice core and snowpit samples were used in this work. Since
these sets of samples covering different time periods were used, they must be linked
together to cover the entire period of 900 years continuously. How are they linked?
This is not, but should be, described in the paper. The authors may have used the
same volcanic event in two cores (for example, Long Island (1660) in 5G and VK-07,
Krakatoa in VK-07 and VKT-55 in Table 2) to link the two cores by determining an
overlap between the two cores; but this is not mentioned or described in the paper. In
the case of an overlap, the overlapping part of which core is retained to construct the
continuous profile (Fig. 3) without overlap is not explained in the paper.
A: Yes, this is a very useful comment. Of course, the separate records have overlapping
intervals and linked by prominent volcanic events. In corrected manuscript we will
provide more detailed description of links of used cores. Fig. 3 will be corrected,
respectively.
R1: Fourth, the non-volcanic background sulfate or nss-sulfate concentration for each
core is to be calculated after the removal of the high (presumably volcanic) concentrations in the core. This is not stated (Page 5, lines 20-23). In addition, the range or
C892
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standard deviation of the background sulfate or nss-sulfate depends strongly on what
samples with high sulfate concentrations have been removed. The very high volcanic
signal detection threshold for 5G (421 microgram/L in Fig. 3) seems to suggest that the
standard deviation was calculated without the removal of the samples with high sulfate
concentrations. This implication can be avoided with a specific description of how the
average and standard deviation of the non-volcanic background are calculated.
A: Thank you for this remark. Actually, we calculated non-volcanic backgrounds as
mean concentration values of all samples, i.e. with taking account the high nss-SO4
peaks. Accordingly, the standard deviations and detection thresholds are higher. In the
corrected version we will remove unambiguously high nss-SO4 concentrations before
background calculating and, respectively, provide methodological description in more
details. On the other hand, the detection threshold will be lowered and number of
potential volcanic events may increase.
R1: The oscillations in Na concentrations (Fig. 2) were considered by the authors to
be annual and used to date the 2-m VK-55 snowpit by annual layer counting. Given
the sampling resolution in the snowpit (2-3 cm per sample, Page 4, line 6) and the
snow accumulation rate of approximately 6-7 cm per year, the temporal resolution in
the snowpit is 3.0 samples per year (Page 4, line 15). At this resolution, one is required
or obligated to count each Na concentration oscillation (high-low-high) as a year, which
is what appears to have been done with the data in Fig. 2. This interpretation of annual
layers does not allow the possibility that an oscillation may be the result of analytical
error or fluctuation of the measured concentration. (Actually, the fluctuation in the
concentration due to analytical error is more than a possibility; the same measurement
carried out twice will yield two different numbers). Many researchers have previously
pointed out that, in order for annual cycles or oscillations to be reliably identified, at
minimum of 5 (preferably 8 or more) measurements in a year’s accumulation must be
made. I suspect that the Na concentration oscillations in Fig. 2 are not annual and
that, unless the temporal sampling resolution is 1 cm or less per sample, annual layers
C893
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cannot be reconstructed. Furthermore, due to the extensive mixing of surface snow
down to a few centimeters below the surface, the layering of seasonal snow at Vostok,
where average annual accumulation is a few centimeters, must be irregular and, as a
consequence, annual layers cannot be reconstructed for any time period of more than
a few years, even if the temporal sampling resolution is better than 5 samples per year.
The mixing of annual layers at Vostok is acknowledged by the authors: see Page 8,
lines 2-5 and lines 9-10. Fig. 2 and the use of “annual layers” for dating and for annual
accumulation rate calculation should be deleted.
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A: Yes, we agree that our sample resolution doesn’t allow to definitely maintain the
inference that more or less prominent quasi-cyclic fluctuations shown on Fig. 2 are
due to seasonal features. Of course, an analytical error is another possible reason of
some “false” fluctuation. Taking account your remark we are going to add to Fig. 2
the additional curve of measured stacked accumulation in the Vostok station for this
time interval. Accordingly, correlation and trends of these curves (Na+ and measured
accumulation) will be discussed in more details.
R1: I would like to see an explanation on why samples from three ice cores and one
snowpit are used for this work. For example, VKT-55 was drilled in 2010 (Table 1),
presumably from the 2010 surface, and the depth interval of 2.50-7.80 m was used in
this work (Table 1). Why was the top 2.50 m of this core not used? How could VK-55
(0-2.00 m) fill completely (Fig. 3) in the time period covered by 0-2.50 m of VKT-55?
Full Screen / Esc

A: It has very simple explanation. Really we used these sites as we had only these
cores for chemical measurements for objective reasons. This explains why we present
the combined (not continuous) record for the Vostok area. This will be mentioned in
the corrected manuscript.
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R1: The average background sulfate concentration varies significantly among the four
cores and snowpit samples (Page 5, lines 24-25): it is twice in VK-07 (235 microgram/L) as in VKT-55 (118). Could the authors offer any explanation about the large
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differences? The background sulfate concentration over a period of several hundred
years usually does not vary that much in the same small local area. It appears that
VK-07 is significantly different from the other cores (Fig. 3) in average background and
in variability. Could it be that samples of VK-07 were analyzed differently from those of
the other cores?
A: The probable explanation of this background variation is a natural change in sulfate
fallout on the Antarctic snow coupled with local glaciological processes in different time
intervals. Taking account similar methodological approach it is difficult to explain it
by other reasons. May be more detailed methodological description in the reworked
manuscript will clarify the matter.
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R1: The larger number (33) of volcanic events in the Vostok record (Table 3) than
those in the other similar records (PR, DC, SP, Table 4; Page 7, lines 6-14) should be
explained; at least an attempt at explaining should be made. For example, many of the
VR events (V4-V25) not present in the other records (Page 7, lines 18-19) are in the
time period of 1620-1890, a period covered by VK-07 (Fig. 3, Table 4). This may be
related to the high variability of sulfate concentrations in VK-07, as mentioned above.
A: Actually, we have attempted to explain the mentioned differences in the paper (page
9, lines 1-6). We believe that the record is enriched by events in comparison with
other records due to peculiar conditions (local and atmospheric) of snow accumulation
at this site (extremely low value) and weak dilution effect, as was highlighted in the
first version. Probably, this explanation is to rough. This feature of the Vostok record
(i.e. larger number of volcanic events) will be explained in more detail in the corrected
manuscript.
R1: The first paragraph on Page 9 is an explanation offered by the authors to explain
the differences in volcanic sulfate deposition flux between Vostok and the other locations (PR, DC, SP). It should be immediately following Line 21 on Page 8.
A: Thank you for useful suggestion. We agree with it.
C895
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R1: The discussion on the trend of snow accumulation rate (Pages 9-10, Fig. 6A)
should acknowledge that the measurement uncertainty and natural variability of the
accumulation rate are unknown or not estimated in this case. Without the knowledge of
the uncertainty in the calculated accumulation rates, discussion on trend and temporal
variations is speculative. For example, the difference between the low accumulation
rate during 1883-1963 (20.8 mm) and that (22.5 mm) during 1815-1883 may not be
significant, if the measurement uncertainty is larger than 1.7 mm.
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A: Thank you for this remark. We will attempt to estimate these uncertainties in the
corrected version.
R1: Page 11, line 8: What does “greater” mean? Greater than what?
A: Here, it means “greater than long-term mean Na+ concentration”. It will be clarified
in the corrected paper.
R1: Page 11, lines 14-15: Is there an explanation for the much lower average Na concentration (12.6) during 1980-2010 than any other time period in this record? Please
note the period of 1980-2010 is covered entirely by VK-55.
A: We believe that the mentioned Na+ variability is related with local and global factors
(page 11, line 18-23) but quantitative part of both factors is still unknown. It seems to
me that any explanation will be speculative. But in any case we will give some literature
background in the corrected manuscript.
R1: Page 12, line 20: “Decreased” should probably be “Increased”.
A: Thank you. Of course, should be “increased”. This misprint will be corrected.
R1: The data in Fig. 5 are the same as in Fig. 4. The only difference is that data in Fig.
4 are for flux and the data in Fig. 5 are flux scaled or normalized against a common
value in each core. Fig. 5 should be eliminated.
A: Perhaps, we agree with this remark. We can eliminate it.
C896
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R1: Data in Figs. 3 and 6 are on the same x-axis. These two figures can be combined.
Because seasonal layering are not likely preserved at Vostok and annual layers are not
likely resolvable, the insert to the top graph in Fig. 6 should be deleted.
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A: Originally, we planned (before final submitting) to present sulfate, sodium and accumulation on one figure. However, after we have divided these parts due to logical
sequence of presentation. Perhaps, we will agree with you and return to original version. Respectively, we will have to do some changes in the text.
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R1: Page 14, line 16: The journal for this paper is Journal of Glaciology, not Annals of
Glaciology.
A: Of course, it is misprint which will be corrected.
R1: The title of Table 2 should clearly indicate that the dates in “Years in core” are
assigned years to the volcanic signals, not years determined by the dating process for
these cores.
A: I think we will provide a footnote for this in the corrected manuscript.
R1: For most of the volcanic events in Tables 3 and 4, it is very difficult to directly
connect a volcanic event in the ice core record to a specific eruption. I suggest that the
authors delete all of the names of the volcanoes (Column 2 in Table 3 and Column 1 in
Table 4), except those used in Table 2.
A: We agree only partially with this remark. Probably the list can be partially deleted
but volcanic events mentioned in Table 2 and in other inland East Antarctic records we
have to keep. It will provide for a reader the better understanding of cross-correlation.
Interactive comment on The Cryosphere Discuss., 7, 1961, 2013.
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