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1  Abstract:

2 Characterising the temporal uncertainty in palaeoclimate records is crucial for analysing past climate
3 change, for correlating climate events between records, for assessing climate periodicities, identifying
4 potential triggers, and to evaluate climate model simulations. The first global compilation of speleothem
5 isotope records by the SISAL (Speleothem Isotope Synthesis and Analysis) Working Group showed that
6 age-model uncertainties are not systematically reported in the published literature and these are only
7 available for a limited number of records (ca. 15%, n = 107/691). To improve the usefulness of the SISAL
8 database, we have (i) improved the database’s spatio-temporal coverage and (ii) created new
9 chronologies using seven different approaches for age-depth modelling. We have applied these
10  alternative chronologies to the records from the first version of the SISAL database (SISALv1) and to new
11 records compiled since the release of SISALvl. This paper documents the necessary changes in the
12 structure of the SISAL database to accommodate the inclusion of the new age-models and their
13 uncertainties as well as the expansion of the database to include new records and the quality-control
14 measures applied. This paper also documents the age-depth model approaches used to calculate the new
15 chronologies. The updated version of the SISAL database (SISALv2) contains isotopic data from 691
16  speleothem records from 294 cave sites and new age-depth models, including age-depth temporal
17  uncertainties for 512 speleothems. SISALV2 is available at http://dx.doi.org/10.17864/1947.242 (Comas-
18 Bru et al., 2020).

19 Copyright statement: This dataset is licensed by the rights-holder(s) under a Creative Commons Attribution 4.0
20 International Licence: https://creativecommons.org/licenses/by/4.0/

21 1. Introduction

22 Speleothems (secondary cave carbonates form from infiltrating rainwater after it percolates through the
23 soil, epikarst, and carbonate bedrock) are a rich terrestrial palaeoclimate archive. In particular, stable
24 oxygen and carbon isotopes (60, 8C) have been widely used to reconstruct regional and local
25 hydroclimate changes. The Speleothem Isotope Synthesis and Analyses (SISAL) Working Group is an
26 international effort, under the auspices of Past Global Changes (PAGES), to compile speleothem isotopic
27 records globally for the analysis of past climates (Comas-Bru and Harrison, 2019). The first version of the
28 SISAL database (Atsawawaranunt et al., 2018a; Atsawawaranunt et al., 2018b) contained 381 speleothem

29 records from 174 cave sites and has been used for analysing regional climate changes (Braun et al., 2019a;
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30 Burstyn et al., 2019; Comas-Bru and Harrison, 2019; Deininger et al., 2019; Kaushal et al., 2018; Kern et
31 al., 2019; Lechleitner et al., 2018; Oster et al., 2019; Zhang et al., 2019). The potential for using the SISAL
32 database to evaluate climate models was explored using an updated version of the database (SISALv1b;
33  Atsawawaranunt et al., 2019) that contains 455 speleothem records from 211 sites (Comas-Bru et al.,

34 2019).

35 SISAL is continuing to expand the global database by including new records (Comas-Bru et al., 2020).
36  Although most of the records in SISALv2 (79.7%: Figure 1a) have been dated using the generally very
37 precise, absolute radiometric 2°Th/U dating method, a variety of age-modelling approaches were
38  employed (Figure 1b) in constructing the original records. The vast majority of records provide no
39 information on the uncertainty of the age-depth relationship. However, many of the regional studies using
40 SISAL pointed the limited statistical power of analyses of speleothem records because of the lack of
41  temporal uncertainties. For example, these missing uncertainties prevented the extraction of underlying
42 climate modes during the last 2k years in Europe (Lechleitner et al., 2018). To overcome this limitation,
43  we have developed additional age-depth models for the SISALv2 records (Figure 2) in order to provide
44 robust chronologies with temporal uncertainties. The results of the various age-depth modelling
45 approaches differ because of differences in their underlying assumptions. We have used seven alternative
46 methods: linear interpolation, linear regression, Bchron (Haslett and Parnell, 2008), Bacon (Blaauw, 2010;
47  Blaauw and Christen, 2011; Blaauw et al., 2019), OxCal (Bronk Ramsey, 2008, 2009; Bronk Ramsey and
48 Lee, 2013), COPRA (Breitenbach et al., 2012) and StalAge (Scholz and Hoffmann, 2011). Comparison of
49  these different approaches provides a robust measure of the age uncertainty associated with any specific

50  speleothem record.

51 2. Data and Methods

52 2.1 Construction of age-depth models: the SISAL chronology

53 We attempted to construct age-depth models for 533 entities in an automated mode. For eight records,
54 this automated construction failed for all methods. For these records we provide manually constructed
55 chronologies, where no age model previously existed, and added a note in the database with details on
56  the construction procedure. Age models for 21 records were successfully computed but later dropped in
57  the screening process due to inconsistent information or incompatibility for an automated routine. In

58 total, we provide a new chronology for 512 speleothem records in SISALv2.

59  The SISAL chronology provides alternative age-depth models for SISAL records that are not composites

60 (i.e., time-series based on more than one speleothem record), that have not been superseded in the
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61 database by a newer entity and which are purely 2°Th/U dated. We therefore excluded records for which
62  the chronology is based on lamina counting, radiocarbon ages or a combination of methods. This decision
63 was based on the low uncertainties of the age-depth models based on lamina counting and the challenge
64  of reproducing age-depth models based on radiocarbon ages. We made an exception with the case of
65 entity_id 163 (Talma et al., 1992), which covers two key periods, the Mid-Holocene and the Last Glacial
66 Maximum, at high temporal resolution. In this case, we calculated a new SISAL chronology based on the
67 provided %°Th/U dates but did not consider the uncorrected **C ages upon which the original age-depth
68 model is based. We also excluded records for which isotopic data is not available (i.e., entities that are
69 part of composites) and entities that are constrained by less than three dates. Additionally, the dating
70 information for 23 entities shows hiatuses at the top/bottom of the speleothem that are not constrained
71 by any date. For these records, we partially masked the new chronologies to remove the unconstrained

72 section(s). Original dates were used without modification in the age-depth modelling.

73  To allow a comprehensive cross-examination of uncertainties, seven age-depth modelling techniques
74  were implemented here across all selected records. Due to the high number of records (n = 533), all
75 methods were run in batch mode. A preliminary study, using the database version vlb demonstrated the
76  feasibility of the automated construction and evaluation of age-depth models using a subset of records
77  and methods (Roesch and Rehfeld, 2019). Further details on the evaluation of the updated age-depth
78  models are provided in Section 3.2. The seven different methods are briefly described below. All methods
79 assume that growth occurred along a single growth axis. For one entity, where it was previously known
80  that two growth axes exist, we added an explanatory statement in the database. All approaches except
81 StalAge produce Monte Carlo (MC) iterations of the age-depth models. We provide 1,000 MC iterations
82  for each new SISALv2 chronology (https://doi.org/10.5281/zenodo0.3591197).

83 Major challenges arise through hiatuses (growth interruptions) and age reversals. In the classification of
84  thereversals, we distinguish between tractable reversals (with overlapping confidence intervals) and non-
85  tractable reversals (i.e., where the two-sigma-dating uncertainties do not overlap) following the definition
86  of Breitenbach et al. (2012). We developed a workflow to treat records with hiatuses (Roesch and Rehfeld,
87 2019; details below), which allowed the construction of age-depth models for 20% of the records with
88  one or more hiatuses. Changes, such as the hiatus treatment and outlier age modification, are recorded
89 in a logfile created when running the age models. We followed the original author’s choices with regard
90  to date usage. If an age was marked as “not used” or “usage unknown”, we did not consider this in the
91 construction of the new chronologies except in OxCal, where dates with "usage unknown" were

92 considered.
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93 1) Linear Interpolation (lin_interp_age) between radiometric dates. This is the classic approach for age-
94 depth model construction for palaeoclimate archives and was used in 32.1% of the original age-depth
95 models in SISALv2. Here, we extend this approach and calculate the age uncertainty by sampling the range
96 of uncertainty of each 2°Th/U-age 2,000 times, assuming a Gaussian distribution. This is consistent with
97  the implementation of linear interpolation in CLAM (Blaauw, 2010) and COPRA (Breitenbach et al., 2012).
98 Linear interpolation was implemented in R (R Core Team, 2019), using the approxExtrap () function
99 inthe Hmisc package. We included an automated reversal check that increases the dating uncertainties
100 until a monotonic age model is achieved, similar to that of StalAge (Scholz and Hoffmann, 2011). Hiatuses
101 are modelled following the approach of Roesch and Rehfeld (2019), where rather than modelling each
102 segment separately, synthetic ages with uncertainties spanning the entire hiatus duration are introduced
103  for use in age-depth model construction. These synthetic ages are removed after age-depth model
104  construction. Linear interpolation was applied to 80% (n=408/512) of the SISAL records for which new

105  chronologies were developed.

106 2) Linear Regression (lin_reg_age) provides a single best fit line through all available radiometric ages
107  assuming a constant growth rate. Linear regression was used in 6.7% of the original SISALv2 age models.
108  As with linear interpolation, age uncertainties are based on randomly sampling the U-series dates to
109 produce 2,000 age-depth models (i.e., ensembles). Temporal uncertainties are then given by the
110 uncertainty of the median-based fit to each ensemble member. If hiatuses are present, the segments in-
111 between were split at the depth of the hiatus without an artificial age. The method is implemented in R,
112 using the 1m () function from the base package. Linear regression was applied to 36% (n=185/512) of the

113 SISAL records for which new chronologies were developed.

114  3) Bchron (Bchron_age) is a Bayesian method based on a continuous Markov processes (Haslett and
115 Parnell, 2008) and available as an R package (Parnell, 2018). This method was originally used for only one
116  speleothem record in SISALv2. Since Bchron cannot handle hiatuses, we implemented a new workflow
117  that adds synthetic ages with uncertainties spanning the entire hiatus duration (Roesch and Rehfeld,
118 2019), as performed with linear interpolation, StalAge and our implementation of COPRA. Bchron provides
119 age-depth model ensembles of which we have kept the last 2,000. Here we use the function bchron ()
120 with jitter.positions = true to mitigate problems due to rounded-off depth values. This
121  method has been applied to 83% (n=426/512) of the SISAL records for which new chronologies were
122 developed.

123  4) Bacon (Bacon_age) is a semi-parametric Bayesian method based on autoregressive gamma-processes
124  (Blaauw, 2010; Blaauw and Christen, 2011; Blaauw et al., 2019). It was used in three of the original

125 chronologies in SISALv2. The R package rBacon can handle both outliers and hiatuses and apart from

5
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126  giving the median age-depth model, it also returns the Monte Carlo realisations (i.e. ensembles), from
127 which the median age-depth model is calculated. During the creation of the SISAL chronologies, the
128  existing rBacon package (version 2.3.9.1) was updated to improve the handling of stalagmite growth rates
129 and hiatuses. We use this revised version, available on CRAN (https://cran.r-

130  project.org/web/packages/rbacon/index.html), to provide a median age-depth model and an ensemble

131  of age-model realisations for 65% (n=335/512) of the SISAL records for which new chronologies were

132  developed.

133 5) OxCal (Oxcal_age) is a Bayesian chronological modelling tool that uses Markov Chain Monte Carlo
134 (Bronk Ramsey, 2009). This method was used in 4.1% of the original SISALv2 chronologies. OxCal can deal
135  with hiatuses and outliers and accounts for the non-uniform nature of the deposition process (Poisson
136 process using the P_Sequence command). Here we used the analysis module of OxCal version 4.3 with a
137  defaultinitial value of interpolation rate of 1 and an initial value of model rigidity (k) of ko=1 with a uniform
138  distribution from 0.01 to 100 for the range of k/ko (log10(k/ko)=(-2,2)) (C. Bronk Ramsey, personal
139 communication). The initial value of the interpolation rate determines the number of points between any
140  two dates, for which an age will be calculated. We subsequently linearly interpolated the age-depth model
141  tothe depths of individual isotope measurements. Were multiple dates are given for the same depth for
142 any given entity, the date with the smallest uncertainty was used to construct the SISAL chronology. In
143 case of asymmetric uncertainties in the dating table, the largest uncertainty value was chosen. We kept
144  the last 2,000 realisations of the age-depth models for each entity. OxCal chronologies are available for

145  21% (n=106/512) of the SISAL records for which new chronologies were developed.

146  6) COPRA (copRa_age) is an approach based on interpolation-between-dates (Breitenbach et al., 2012)
147  and was used for 9.7% of the original SISALv2 chronologies. COPRA is available as a Matlab package with
148  agraphical user interface (GUI) that has interactive checks for reversals and hiatuses. The Matlab version
149 can handle multiple hiatuses and (to some extent) layer-counted segments. However, age-reversals can
150 occur near short-lived hiatuses. To overcome this, we implemented a new workflow in R that adds
151 artificial dates at the location of the hiatuses and prevents the creation of age reversals (Roesch and
152 Rehfeld, 2019) as done with linear interpolation, StalAge and Bchron. Additionally, we also incorporated
153  anautomated reversal check similar to that already embedded into StalAge (Scholz and Hoffmann, 2011).
154  This R version, copRa, uses the default piecewise-cubic-hermite-interpolation (pchip) algorithm in R
155  without consideration of layer counting. This approach was used for 76% (n=389/512) of the SISAL records

156  for which new chronologies were developed.

157  7)StalAge (StalAge_age) fits straight lines through three adjacent dates using weights based on the dating

158 measurement errors (Scholz and Hoffmann, 2011). Age uncertainties are iteratively obtained through a

6
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159 Monte Carlo approach, but ensembles are not given in the output. StalAge was used to construct 13.1%
160 of the original SISALv2 chronologies. The StalAge v1.0 R function has been updated to R version 3.4 and
161  the default outlier and reversal checks were enabled to run automatically. Hiatuses cannot be entered in
162 StalAge v1.0, but the updated version incorporates a treatment of hiatuses based on the creation of
163  temporary synthetic ages following Roesch and Rehfeld (2019). In contrast to other methods, mean ages
164  instead of median ages are reported for StalAge. StalAge was applied to 62% (n=320/512) of the SISAL

165 records for which new chronologies were developed.

166 2.2 Revised structure of the database

167  The data are stored in a relational database (MySQL), which consists of 15 linked tables: site, entity,
168  sample, dating, dating_lamina, gap, hiatus, original_chronology, d13C, d180, entity_link_reference,
169 references, composite_link_entity, notes and sisal_chronology. Figure 3 shows the relationships between
170  these tables and the type of each field (e.g. numeric, text). The structure and contents of all tables except
171  the new sisal_chronology table are described in detail in Atsawawaranunt et al. (2018a). Here, we focus
172 on the new sisal_chronology table and on the changes that were made to other tables in order to

173 accommodate this new table (See section 2.3). Details of the fields in this new table are listed in Table 1.

174  Changes were also made to the dating table (dating) to accommodate information about whether a
175 specific date was used to construct each of the age-depth models in the sisal_chronology table (Table 2).
176  We followed the original authors’ decision regarding the exclusion of dates (i.e. because of high
177 uncertainties, age reversals or high detrital content). However, some dates used in the original age-depth
178 model were not used in the SISALv2 chronologies to prevent unrealistic age-depth relationships (i.e. age
179 inversions). Information on whether a particular date was used for the construction of specific type of
180 age-depth model is provided in the dating table, under columns labelled date_used_lin_interp,
181 date_used_lin_reg, date_used_Bchron, date_used_Bacon, date_used_OxCal, date_used copRa and

182  date_used_StalAge (Table 2).

183  The dating and the sample tables were modified to accommodate the inclusion of new entities in the
184  database. Specifically, the pre-defined options lists were expanded, options that had never been used
185 were removed, and some typographical errors in the field names were corrected; these changes are listed

186 in Table 3.
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187 3. Quality Control

188 3.1 Quality control of individual speleothem records

189  The quality control procedure for individual records newly incorporated in the SISALv2 database is based
190 on the steps described in Atsawawaranunt et al. (2018a). We have updated the Python database scripts
191  to provide a more thorough quality assessment of individual records. Additional checks of the dating table
192  resulted in modifications in the 230Th_232Th, 230Th_238U, 234U_238U, ini230Th_232Th, 238U_content,
193  230Th_content, 232Th_content and decay constant fields in the dating table for 60 entities. A summary
194  of the fields that are both automatically and manually checked before uploading a record to the database

195 s available in Appendix 1.

196 Analyses of the data included in SISALv1 (Braun et al., 2019a; Burstyn et al., 2019; Deininger et al., 2019;
197 Kaushal et al., 2018; Kern et al., 2019; Lechleitner et al., 2018; Oster et al., 2019; Zhang et al., 2019) and
198  SISALvlb (Comas-Bru et al., 2019) revealed a number of errors in specific records that have now been
199 corrected. These revisions include, for example, updates in mineralogies (sample.mineralogy), revised
200 coordinates (site.latitude and/or site.longitude) and addition of missing information that was previously
201  entered as “unknown”. The fields affected and the number of records with modifications are listed in

202  Table 4. All revisions are also documented at Comas-Bru et al., 2020.

203 3.2 Quality control of the age-depth models in the SISAL chronology

204  The conception and the test of the R workflow, integrating all methods but OxCal, was outlined in Roesch
205 and Rehfeld (2019) and includes automatized checks for the final chronologies except for OxCal. The
206  quality control parameters obtained from OxCal were compared with the recommended values of
207  AgreementIndex (A) >60% and Convergence (C) > 95%, in accordance with the guidelines in Bronk Ramsey
208 (2008). In addition to both model agreement and P_Sequence convergence meeting these criteria, at least
209 90% of individual dates had to have an acceptable Agreement and Convergence themselves. OxCal age-

210 depth models failing to meet these criteria were not included in the SISAL chronology table.

211  An overview of the evaluation results for the age-depth models constructed in automated mode is given
212 in Figure 4. Three nested criteria are used to evaluate them. Firstly, chronologies with reversals (Check 1)
213  are automatically rejected (score -1). Secondly, the final chronology should flexibly follow clear growth
214 rate changes (Check 2), such that 70% of the dates are encompassed in the final age-depth model within
215 4 sigma uncertainty (score +1). Thirdly, temporal uncertainties are expected to increase between dates
216  and near hiatuses (Check 3). This criterion is met in the automated screening (score +1) if the Interquartile

217 range (IQR) is higher between dates or at hiatuses than at dates. Only entities that pass all three criteria
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218  are considered successful. All age-depth models that satisfied Check 1 were also evaluated in an expert-
219 based manual screening by ten people. If more than two experts agreed that an individual age-depth
220 model was unreliable or inconsistencies, such as large offsets between the original age model and the
221 dates marked as 'used', occurred, the model was not included in the SISAL chronology table. This
222 automatic and expert-based quality control screening resulted in 2,138 new age-depth models

223 constructed for 503 SISAL entities.

224 4. Recommendation for the use of SISAL chronologies

225  The original age-depth models for every entity are available in SISALv2. However, given the lack of age
226 uncertainties for most of the records, we recommend considering the SISAL chronologies with their
227 respective 95% confidence intervals whenever possible. No single age-depth modelling approach is
228  successful for all entities, and we therefore recommend that all the methods for a specific entity are used
229  together in visual and/or statistical comparisons. Depending on methodological choices, age-depth
230 models compatible with the dating evidence can result in considerable temporal differences for
231  transitions (Figure 5). For analyses relying on the temporal alignment of records (e.g. cross-correlation),
232 age-depth model uncertainties should be considered using the ensemble of compatible age-depth models

233  asdescribed, e.g., in Mudelsee et al. (2012), Rehfeld and Kurths (2014) and Hu et al. (2017).

234 5. Overview of database contents

235 SISALv2 contains 353.976 &0 and 200,613 8*3C measurements from 673 individual speleothem records
236 and 18 composite records from 293 cave systems (Table 5; Figure 2; Comas-Bru et al., 2020). There are 20
237 records included in SISALv2 that are identified as being superseded and linked to the newer records; their
238  original datasets are included in the database for completeness. This is an improvement of 235 records
239  from SISALv1b (Atsawawaranunt et al., 2019; Comas-Bru et al., 2019; Table 6). SISALv2 represents 72% of
240  the existing speleothem records identified by the SISAL Working Group and more than three times the
241  number of speleothem records in the NCEI-NOAA repository (n = 210 as of November 2019), which is the
242 one most commonly used by the speleothem community to make their data publicly available. SISALv2

243 also contains nine records that have not been published or are only available in PhD theses.

244  The published age-depth models of all speleothems are accessible in the original_chronology metadata
245  table and our standardised age-depth models are available at the sisal_chronology table for 512

246  speleothems. Temporal uncertainties are now provided for 79% of the records in the SISAL database.

247  This second version of the SISAL database has an improved spatial coverage compared to SISALvl

248 (Atsawawaranunt et al., 2018b) and SISALv1b (Figure 3; Atsawawaranunt et al., 2019). SISALv2 contains

9
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249  most published records from Oceania (80.2%), Africa (73.7%) and South America (77.6%), but
250 improvements are still possible in regions like the Middle East (42.3%) and Asia (64.8%) (Table 6).

251 The temporal distribution of records for the past 2,000 years is good, with 181 speleothems covering at
252 least one-third of this period and 84 records covering the entire last 2k (-68 to 2,000 years BP) with an
253 average resolution of 20 isotope measurements in every 100-year slice (Figure 6a). There are 182 records
254  that cover at least one-third of the Holocene (last 11,700 years BP) with 37 of these covering the whole
255 period with at least one isotope measurement in every 500-year period (Figure 6b). There are 84 entities
256  during the deglaciation period (21,000 to 11,700 years BP) with at least one measurement in every 500-
257  year time period (Figure 6b). The Last Interglacial (130,000 to 115,000 years BP) is covered by 47
258  speleothem records that record at least one-third of this period with, on average, 25 isotope

259 measurements at every 1,000-year time-slice (Fig. 6c).

260  This updated SISALv2 database now provides the basis not only for comparing a large number of
261 speleothem-based environmental reconstructions on regional to a global scale, but also allows for

262 comprehensive analyses of stable isotope records on various timescales from multi-decadal to orbital.

263 6. Data and code availability:

264  The database is available in SQL and CSV format from http://dx.doi.org/10.17864/1947.242 (Comas-Bru

265 et al., 2020). The code used for constructing the linear interpolation, linear regression, Bchron, Bacon,

266  copRa and StalAge age-depth models is available at https://github.com/palaeovar/SISAL.AM. rBacon

267  package (version 2.3.9.1) is available on CRAN (https://cran.r-

268  project.org/web/packages/rbacon/index.html). The code used to construct the OxCal age-depth models

269 and trim the ensembles output to the last 2,000 iterations is available at

270 https://doi.org/10.5281/zen0d0.3586280. The ensembles are available at

271 https://doi.org/10.5281/zen0do.3591197. The workbook used to submit data to SISAL is available as a

272  supplementary document of Comas-Bru and Harrison (2019); also available at

273  https://10.5281/zeno0do.3631403. The codes for the quality control assessment of the data submitted to

274  SISAL can be obtained from https://10.5281/zenodo.3631403. The codes to assess the dating table in

275 SISALv2 are available at https://github.com/jensfohimeister/QC SISALv2 dating metadata and

276  https://10.5281/zenodo.3631443. Details on the Quality Control assessments are available in the

277  Supplementary material.
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363  Figure 1: Summary of the dating information on which the original age-depth models are based
364 (a) and the original age-depth model types (b) present in SISALv2.
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369  Figure 2: Cave sites included in the version 1, 1b and 2 of the SISAL database on the Global Karst
370  Aquifer Map (WOKAM project; Chen et al.,, 2017: https://www.un-igrac.org/resource/world-

371  karst-aquifer-map-wokam).
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Figure 3: The structure of the SISAL database version 2. Fields and table marked with (*) refer to
new information added to SISALv1b; see tables 1 and 2 for details. The colours refer to the format
of that field: Enum, Int, Varchar, Double or Decimal. More information on the list of pre-defined

menus can be found in Atsawawaranunt et al. (2018a).
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Figure 4: Visual summary of quality control of the automated SISAL chronology construction.

The evaluation of the age-depth models for each method (x-axis) is given for each entity (y-axis)
that was considered for the construction (n=533). Black lines mark age-depth models that could

not be computed. Age-depth models dropped in the automated or expert evaluation are

marked by grey lines. Age-depth models retained in SISALv2 are scored from 1 (only one

criterion satisfied) to 3 (all criteria satisfied) in shades of blue. For 504 records alternative age-

depth models with uncertainties are provided (green lines) in the “success” column.
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Figure 5: lllustration of the impact of the age model choice on reconstructed speleothem
chronology illustrated by the KNI-51-H speleothem record (entity_id 342; Denniston et al.,
2013b). Panel (a) shows the median and mean age estimates for each downcore sample from
the different age models; (b) shows the interquartile range (IQR) of the ages. Horizontal dashed
lines show the depths of the measured dates; (c) shows the isotopic record using the different
age models.

a Age-depth model b Age interquartile range (IQR)

0
1

Date Type
4 MC-ICP-MS U/Th

1

L
250 150 100 50 O

L

Depth from top [mm]
200 250 150 100 50
1

200

L

T T T T T
3200 3300 3400 3500 3600 3700 10 20 50 100 200
Median age [yr BP] IQR [yr]

[a}

Isotopes

== original AM: unknown

== lin. interp. median age
lin. reg. median age

== Bchron median age
Bacon median age

== OxCal median age

== copRa median age
StalAge mean age

1

8'%0 [%o]
70 75 -80 -85 -90
1 1

00
Age [yr BP]

18

suoIssnasiq



https://doi.org/10.5194/essd-2020-39 § Earth System
Preprint. Discussion started: 13 March 2020 2’ SC| ence
C
()

(© Author(s) 2020. CC BY 4.0 License.
:Data

397  Figure 6: Global and regional temporal coverage of entities in the SISALv2. (a) last 2,000 years
398  withabinsize of 10 years; (b) last 21,000 years with a bin size of 500 years; (c) the period between
399 115,000 and 130,000 years BP with a bin size of 1,000 yrs. BP refers to “Before Present” where
400  presentis 1950 CE. Regions defined as in Table 7.
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Table 1: Details of the sisal_chronology table. All ages in SISAL are reported as years BP (Before

Present) where present is 1950 CE.

Field label
sample_id

lin_interp_age

lin_interp_age_uncert_pos

lin_interp_age_uncert_neg

lin_reg_age

lin_reg_age_uncert_pos

lin_reg_age_uncert_neg

Bchron_age

Bchron _age_uncert_pos

Bchron _age_uncert_neg

Bacon_age

Bacon _age_uncert_pos

Bacon_age_uncert_neg

OxCal_age

OxCal_age_uncert_pos

OxCal_age_uncert_neg

copRa_age

copRa _age_uncert_pos

Description

Refers to the unique identifier for
the sample (as given in the sample
table)

Age of the sample in years
calculated with linear interpolation
between dates

Positive 2-sigma uncertainty of the
age of the sample in years
calculated with linear interpolation
between dates

Negative 2-sigma uncertainty of the
age of the sample in years
calculated with linear interpolation
between dates

Age of the sample in years
calculated with linear regression
Positive 2-sigma uncertainty of the
age of the sample in years
calculated with linear regression
Negative 2-sigma uncertainty of the
age of the sample in years
calculated with linear regression
Age of the sample in years
calculated with Bchron

Positive 2-sigma uncertainty of the
age of the sample in years
calculated with Bchron

Negative 2-sigma uncertainty of the
age of the sample in years
calculated with Bchron

Age of the sample in years
calculated with Bacon

Positive 2-sigma uncertainty of the
age of the sample in years
calculated with Bacon

Negative 2-sigma uncertainty of the
age of the sample in years
calculated with Bacon

Age of the sample in years
calculated with OxCal

Positive 2-sigma uncertainty of the
age of the sample in years
calculated with OxCal

Negative 2-sigma uncertainty of the
age of the sample in years
calculated with OxCal

Age of the sample in years
calculated with copRa

Positive 2-sigma uncertainty of the
age of the sample in years
calculated with copRa

20

Format
Numeric

Numeric

Numeric

Numeric

Numeric

Numeric

Numeric

Numeric

Numeric

Numeric

Numeric

Numeric

Numeric

Numeric

Numeric

Numeric

Numeric

Numeric

Constraints
Positive
integer
None

Positive
decimal

Positive
decimal
None

Positive
decimal

Positive
decimal

None

Positive
decimal

Positive
decimal

None

Positive
decimal

Positive
decimal

None

Positive
decimal

Positive
decimal

None

Positive
decimal
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copRa _age_uncert_neg

Stalage_age

Stalage_age_uncert_pos

Stalage_age_uncert_neg

406

407
408
409

Action

Field
added

Field
added
Field

added

Field
added

Field
added

Field
added

Field
added

410

411

Field label

date_used_lin_age

date_used_lin_reg

date_used_Bchron

date_used_Bacon

date_used_OxCal

date_used_copRa

date_used_StalAge

Negative 2-sigma uncertainty of the

age of the sample in years
calculated with copRa
Age of the sample in years
calculated with StalAge

Positive 2-sigma uncertainty of the

age of the sample in years
calculated with StalAge

Negative 2-sigma uncertainty of the

age of the sample in years
calculated with StalAge

changes are marked with (*) in Figure 2.

Description

Indication whether that date
was used to construct the linear
age model

Indication whether that date
was used to construct the age
model based on linear
regression

Indication whether that date
was used to construct the age
model based on Bcrhon
Indication whether that date
was used to construct the age
model based on Bacon
Indication whether that date
was used to construct the age
model based on OxCal
Indication whether that date
was used to construct the
copRa_based age model
Indication whether that date
was used to construct the age
model based on StalAge

21

Numeric | Positive
decimal
Numeric | None
Numeric | Positive
decimal
Numeric | Positive
decimal

Format

Text

Text

Text

Text

Text

Text

Text

Table 2: Changes made to the Dating table to accommodate the new age models. These

Constraints

Selected from
pre-defined list:
“yes”, “no”.
Selected from
pre-defined list:

«, n o

yes”, “no”.

Selected from
pre-defined list:
“yes”, “no”.
Selected from
pre-defined list:
“yes”, “no”.
Selected from
pre-defined list:
“yes”, “no”.
Selected from
pre-defined list:
“yes”, “no”.
Selected from
pre-defined list:

“yes”, “no”.

” u
’

” u
’
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Table 3: Changes made to tables other than the sisal_chronology since the publication of SISALv1
(Atsawawaranunt et al., 2018a; Atsawawaranunt et al., 2018b).

Table
name
Dating

Sample

Action

Removed
“sampling gap”
option

“others” option
changed to
“other”

Added “other”
option

Added “other”
option

Added “other”
option

Added “other”
option

Field label

date_type

decay_constant

calib_used

date_type

original_chronolog

y

ann_lam_check

Reason

This option was
never used

Correction of
typo

Option added
to
accommodate
new entities
Option added
to
accommodate
new entities
Option added
to
accommodate
new entities
Option added
to
accommodate
new entities

Format

Text

Text

Text

Text

Text

Text

Constraints

Selected from
pre-defined list

Selected from
pre-defined list

Selected from

pre-defined list

Selected from
pre-defined list

Selected from
pre-defined list

Selected from
pre-defined list

Table 4: Summary of the modifications applied to records already in version 1 (Atsawawaranunt

et al., 2018b) and version 1b (Atsawawaranunt et al., 2019) of the SISAL database. Mistakes in
previous versions of the database were identified as outlined in the Supplementary material and

Modification

Site table

Number of new sites

Sites with new entities

Sites with altered site.site_name altered

Sites with changes in site.latitude

Sites with changes in site.longitude

Sites with changes in site.elevation

Sites with site.geology updated

Sites with site.rock_age info updated

Sites with site.monitoring info updated
Entity table
Number of new entities

How many entities were added to pre-existing sites?

Entities with revised entity_name

Entities with updated entity.entity_status

through analysing the data for the SISAL publications.
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Entities with altered dating.230Th_238U_activity
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Original chronology
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References
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11
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7
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51
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60
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35
46
47

15
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20
95

64

42
14

14

16

16

5
68
34

Open Access

Table 5: Information on new speleothem records (entities) added to the SISAL_v2 database from
SISALv1b (Comas-Bru et al., 2019). There may be multiple entities from a single cave, here identified as

the site. Latitude (Lat) and Longitude (Lon) are given in decimal degrees North and East respectively.

Site_i | Site_name Lat (N) | Lon (E) Region
d

2 Kesang cave 42.87 81.75 China
6 Hulu cave 32.5 119.17 China
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Table 6: Percentage of entities uploaded to the different versions of the SISAL database with
respect to the number of records identified by the SISAL working group as of November 2019.

The number of identified records includes potentially superseded speleothem records. Regions
are defined as: Oceania (-60° < Lat < 0°; 90° < Lon < 180°); Asia (0° < Lat < 60°; 60° < Lon < 130°);
Middle East (7.6° < Lat < 50°; 26° < Lon < 59°); Africa (-45° < Lat < 36.1°; -30° < Lon < 60°; with
records in the Middle East region removed); Europe (36.7° < Lat < 75°; -30° < Lon < 30°; plus
Gibraltar and Siberian sites); South America (S. Am; -60° < Lat < 8°; -150° < Lon < -30°); North and
Central America (N./C. Am; 8.1° < Lat < 60°; -150° < Lon < -50°)

Region Version 1
Entiti | Sites
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Oceania 47.7 36.7

Asia 36.2 28.8
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