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ABSTRACT: It is very important to understand the philosophy and operation properties of statistical algorithms
for constructing realistic age-depth models of speleothems. This study presents the characteristics of statistical
algorithms designed for speleothems. We have selected previously published five Korean stalagmites with distinct
characteristics of the changes in growth rates. Then, the age-depth models of these stalagmites were constructed
using 3 statistical algorithms (StalAge, COPRA, MOD-AGE) which have been widely applied to the recent cave
records. The age-depth models resulted from COPRA and MOD-AGE show the lowest deviations from median
*'Th ages when the stalagmite samples have relatively constant growth rates (the cases of BN-1 and SSN1). In
contrast, for the stalagmites (DY-1, SGS1 and ED-l; including significant hiatuses with large time gaps, the most
convinced model can be selected dezpending on both “*Th ages and petrographic data. COPRA simulates age-depth
models with good agreements to *OTh ages, but it is sometimes impossible to construct final models when the
dataset includes “°Th ages with large errors and/or inversions in the stratigraphic order. StalAge could be preferred
to simulate the age-depth relationships in the cases of the dataset with large errors or age inversions but this provides
the largest deviations from *'Th ages. The results of this study emphasize the needs of criteria to construct the
most reliable age-depth model for speleothems using the statistical algorithms. Our results can be equally applied
to various paleoclimatic archives (e.g., terrestrial sediments) that require similar age-depth models.
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Table 1. Brief information on the selected speleothem samples.

Total Age (yr BP)

Sample Cave length Ij& of Hiatus References
no. name (mm) Top Bottom ates
BN-1 Baeg-nyong 102 372 £32 4,863 +201 9 not included Jo et al., 2017
SSN1 Seoksuni 186 1,325 +£204 3,414 £201 5 not included Joetal., 2014
DY-1 Daeya 115 5,907 + 158 123,456 =535 10 1 Joetal,2011
SGS1 Samgaksan 137 102,221 £ 1,898 126,277 2,166 8 1 Joetal., 2014
Joetal
ED-1 Eden 188 96,300 + 1,039 540,022 +2,005 38 7 2006, 2014
Table 2. Brief information on the three statistical age model algorithms.
. Base Number of
Algorithm software  MC" simulation Input data Parameters Reference
dating depth, age, age error
StalAge  R2.10.1 300 (20), Fixed Scholz and
Hoffmann, 2011
proxy depth
. - Interpolation
copra  MATLAB 2000 dating dept?l’g;ge’ ageeIror 1 thod (PCHIP™, Breitenbach et al.,
R2018a (adjustable) > Linear, Spline) 2012
proxy depth, proxy value Number of MC
: Interpolation***
1000 dating depth, depth error, method (LOESS , Hercman and
MOD-AGE MOD-AGE (adjustable) age, age error (10) Linear) Pawlak, 2012
- Number of MC

" MC (Monte-Carlo)

s

" LOESS (Locally weighted scatterplot smoothing)
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A Larz)gol digk ARt T2 42 Scholz and
Hoffmann (2011), Breitenbach et al. (2012), Hercman
and Pawlak (2012)9]] 7|&= o] it} ZF dag|&
8 gk ol Bzbyol s 7kes] Avhst o
o3t 2.

" PCHIP (Piecewise cubic hermite interpolating polynomial)
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Fig. 1. Comparison of 3 statistical algorithms for speleothems using BN-1 age data. (a) StalAge conducts
Monte-Carlo simulation within the error range based on linear interpolation between at least 3 points. (b) COPRA
has constructed Monte-Carlo simulations of the entire section. The error range is short because 1/2 error is input
by mechanism. (c) MOD-AGE has established the elliptical random range to construct age-depth model.
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Fig. 2. (a) A rock slab of stalagmite SSN1 showing sub-sampling points for 2°Th dating. (b) SSN1 age-depth models
using 3 statistical algorithms. The circle shows the algorithm artifacts (yellow arrows) produced by MOD-AGE.
(c) StalAge age-depth model. (d) COPRA age-depth model. (¢) MOD-AGE age-depth model. The deviation is the
difference between the median values of the dating results and the yielded ages by algorithms.
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Fig. 3. (a) Arock slab of stalagmite BN-1 showing sub-sampling points for 2°Th dating. (b) BN-1 age-depth model
constructed using 3 statistical algorithms. The red box shows that age-depth model deviated from age data. S, C,
M means deviation from each StalAge, COPRA and MOD-AGE age-depth. (c) StalAge age-depth model and uni-
form growth rate line. (d) COPRA age-depth model. (¢) MOD-AGE and linear interpolation age-depth model. The
deviation is the difference between the median values of the dating results and the yielded ages by algorithms.
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