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Letter to the Editor

Comment on “A test of annual resolution in
stalagmites using tree rings”

Betancourt et al. (2002) present an interesting short paper
where they review tree ring and stalagmite chronologies for
the southern USA. We welcome this contribution, as it
raises several important considerations about the use of
stalagmites in obtaining high-resolution climate proxies. In
particular, we welcome and agree with the assertion that the
annual nature (or otherwise) of laminae in stalagmites needs
to be confirmed for each individual sample. Additionally,
we agree that each individual stalagmite contains a unique
climate or environmental signal, which requires individual
calibration of individual samples. Finally, we welcome the
interdisciplinary approach of comparing contrasting proxies
(tree rings and stalagmite lamina) to test and compare prox-
ies. However, the short paper is somewhat empirical in
nature, relying on statistical tests of two individual time
series, and has a particular emphasis (by its nature) on
individual proxiesfrom New Mexico, USA. Because of this,
we fedl the paper paints an overly bleak situation of the use
of laminae in speleothems, which we would like to address
here using both theoretical and empirical evidence from a
wide literature base.

Subannual, annual, and supraannual laminae

We recognize that laminae in speleothems can be
subannual, annual, or supraannual. The nature of the
laminae likely to be present can be understood with a
basic knowledge of how both laminae form and how
organic matter are transported from the surface to the
cave. Laminae can be formed both as visible alternations
of calcite structure (frequently from porous to compact
calcite or calcite—aragonite pairs; Genty, 1993; Genty and
Quinif, 1996; Genty et al., 1997; Qin et al., 1998) and
from luminescent bands of organic matter (Baker et al.,
1993). Laminae formed from variations in calcite texture
rely on regular aternations of drip-water chemistry,
which may alter the saturation state and therefore the
carbonate precipitated, or they can also be formed by
regular alternations of the cave atmosphere, such as
changes in relative humidity or carbon dioxide concen-
tration. Luminescent laminae rely on variations in lumi-
nescent organic matter fluxes from the surface (see, for

example, drip-water calibration experiments in Baker et
al., 1999b, 2000). In either case, subannual laminae may
be preserved. Indeed, these have been reported in cali-
bration experiments over the historical time period (see,
for example, Baker et al., 19993, ), where they have been
demonstrated to occur due to both extreme rainfall
events, generating a second organic matter flush per year,
and extreme snowcover, generating a similar pulse. In-
deed, Linge et al. (2001) demonstrate using both TIMS
U-Th and lamina counting that a typical “year” in a
stalagmite from Rana, Norway, comprises two laminae,
one from spring snowmelt and one from autumn flushing
of soil organic matter. Therefore it is important to rec-
ognize that the annual (or otherwise) nature of laminae
will vary with climate: regions with strong seasonality of
climate (such as within the Chinese monsoon region, see
Ming et al., 1997) will preserve laminae with a frequency
appropriate to the number of seasonal climate forcings.
Second, it is important to understand something of the
nature of karst hydrology. Stalagmites sampled from
nearer the surface are more likely to have less mixing
with storage water and a more rapid response to surface
climate and are more likely to record individual climate
events—such samples are likely to record subannual lam-
inae. With increasing depth there will be a greater mixing
of stored and event water, such that at deep cave sites
stalagmites are unlikely to record any laminae, or maybe
just those from supraannual extreme events. In between
these two depths, there should be an optimum zone where
stalagmites are most likely to record laminae that are
annual in nature: this zone will of course vary with the

geology.

Verification of climate signals in annual laminae

Betancourt et al. (2002) state that “as yet, there have
been few efforts to crossdate or verify climate signalsin
“annual’ bands from speleothems.” We feel it appropriate
here to mention a few studies where such efforts have
taken place. Baker et al. (1999a) compare annual and
subannual laminae in two stalagmites from an English
cave site deposited over the last 100 years with instru-
mental rainfall records. Proctor et al. (2000) compare
annual laminae in a Scottish stalagmite with instrumental
rainfall and temperature and North Atlantic Oscillation
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records for the last 120 years. Proctor et al. (2002)
perform a similar analysis which also includes a compar-
ison with historical sea surface temperature data. Ming et
al. (1997) compare laminae in a Chinese stalagmite with
instrumental rainfall and temperature data. Baker et al.
(2002) investigate subannual laminae in a Scottish sta-
lagmite for the last 1000 years in comparison with in-
strumental and historical data. Genty and Quinif (1996)
demonstrate correlations between rainfall (water excess)
and laminae thickness in several Recent Belgian stalag-
mites. Finally, drip-water monitoring experiments can
also provide useful information on the links between
surface climate and stalagmite deposition, for example,
an interannual correlation between mean annual rainfall
and drip rate (in the Pere-Noél Cave, Belgium; Genty and
Deflandre, 1998).

Comparing stalagmite and tree ring proxies

We agree wholeheartedly with Betancourt et al. (2002)
that this approach should be encouraged. A first step is to
understand both the strengths and weaknesses of both sta-
lagmite and tree ring climate reconstructions, and we hope
this paper goes some way toward the former. Indeed, one of
the authors is promoting such an approach through the
European Science Foundation HOLIVAR workshop on
“Combining Climate Proxies,” and technical papers on the
advantages and disadvantages of all high-resolution Holo-
cene climate proxies can be accessed at http://www.gsf.fi/
esf_holivar/. We welcome the publication of the compari-
son of tree-ring and stalagmite data for New Mexico by
Betancourt et al.(2002), which is in a similar spirit, and
would like to make only one comment on their list of
possible explanations for a lack of agreement between the
two proxies as stated in Betancourt et al. (2002, p. 199).
Thisisthe suggestion that the two proxies are responding to
different climate forcing. We would like to suggest that it is
quitelikely, asthe authors' point out, that the tree ring width
is most strongly correlated with cool season precipitation.
Stalagmite growth rate is most strongly correlated with drip
water calcium concentration (see Baker et a 1998), which
in turn is controlled by soil CO, concentrations, which are
driven by soil moisture and temperature. Second to thisis a
drip rate control on growth rate and therefore lamina width.
Therefore, lamina width in Carlsbad is likely to be con-
trolled by a complex combination of summer and winter
precipitation and temperature, and not cool season precipi-
tation. Indeed, careful climate calibration of the Carisbad
stalagmite record could provide complimentary data to the
tree ring evidence. We draw the readers’ attention to Luten-
bacher et al. (2002) who employed a similar approach of
comparing historical, documentary, tree ring, ice core, and
stalagmite proxies of winter North Atlantic Oscillation
(WNAO): in this case a stalagmite record (Proctor et al.,
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2000), which had a correlation of r = 0.64 over the instru-
mental period against the wWNAO, yielded a correlation of r
= 0.00 against the longer instrumental/documentary based
proxy, usefully demonstrating the problems of separating
correlation and co-relation when using necessarily short
instrumental data.

Finally, we would like to take the opportunity to correct
Betancourt et al. (2002) in the suggestion that the stalagmite
site in Assynt, NW Scotland, published by Proctor et al.
(2000) isin aclimate region with contemporaneous tree ring
chronologies. Strong local climate gradients, the predomi-
nant calibration of stalagmite laminae width against precip-
itation rather than temperature, and the lack of local treesto
the sample site since regiona forest declines in the mid
Holocene all prevent a useful comparison with regional tree
ring chronologies.
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