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Research paper

CaveCalc CaveCalc: A new model for speleothem
chemistry & isotopes

Robert Owen, Christopher C. Day & &, Gideon M. Henderson

c? PHREEQC-based forward modelling tool programmed in Python

CaveCalc

|:_|i Forward modelling from soil to analysis-speleothem
Karstolution (Treble trhallow

eta ., 2019) ed veld

PCP in pore spaces

.® Incorporates soil-water equilibration, bedrock dissolution & Prior
Carbonate Precipitation (PCarbP) along the flow-path

minor TP in poorly

ventflated void —~ Model the evolution of isotopes (0'3C, 6’80, 644Ca ) and trace-

L/ elements (Mg/Ca, Sr/Ca, Ba/Ca)

PCP in pore spgaces
PCP on cavTroof
M iSolution: Deininger and Scholz.
\ : ——{ I-Stal: Stoll, Maller, Prieto
! n IsoCave: Guo and Zhou

speleothgn | Skiba & Fohlmeister




Additions to CaveCalcV2.0

Improved installation and usability

 Easier Windows Installation
Automatic installation of the PHREEQC-COM server

* More user-friendly Graphical User Interface (GUI)

[T1 README 35 MIT license

* More detailed user manual
CaveCalcV2.0: A software tool for forward modelling

 Available for early testing speleothem chemistry.
(https://github.com/Samhollowood/CaveCalcV2.0) version 1 ( | : ‘ )

version 2 and CDALite is still under construction %=

& launch binder license B release no releases or repo not found

[ ] [ ] Cavecalc Model Input GUI
Table of Contents
¥ Atmospheric End-member ¥ Soil Metals (Chloride Salts) ¥ Aragonite/Calcite Mode
¥ Soil Gas End-member ¥ Bedrock Chemistry ¥ Scripting Options
¥ Mixed Gas ¥ Bedrock Dissolution Conditions ¥ Additional PHREEQC output
¥ Cave Air ¥ General ¥ CDA Settings
File 10 Settings ¥ Fractionation Factors and D(X) [Optional]
Output Directory .Jcavecalc_output/ browse Run CaveCalc only!

Log PHREEQC input
9 Q P Run CaveCalc with CDA!

CaveCalc Qutput




Main Additions to CaveCalcV2.0

Forward-
modelling of
speleothem
aragonite
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Carbonate Data Analyser (CDA) Mode

ced by CaveCalcv2.0

User soil inputs
soil-gas pCO2: (410.0 to BOOO.0)
d13C..r (212 to -11.94)
MgiCa: 0 mmolfmol

CO2 Processes

@ UserInputs B Model Outputs

User miscellaneous inputs
T(25t06.5)
cave air pCO2: (260.0 to 260.0)

A] Viable soil d13C, constrained by matches between modeled and measured CaC0O3
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Speleothem Aragonite & U/Ca

 ~20% of speleothems in SISALV3.0 are aragonite
Forward- « CaveCalcV2.0 can now forward-model aragonite
modelling of : precipitation along the flow-path.
speleothem
aragonite * Allows for the assessment of Prior Aragonite
Precipitation (PAP)
Kaushal et al,, 2024
Increased Prior Carbonate Precipitation
| . . > D(U)carcite < 1 e.g., Day & Henderson, 2013
_ oo : :f:;::ite D(U)aragonite > 1 e.g., Wassenburg et al., 2024
. ° o
Addition of £ oo
o
speleothem E oooe
U/Ca 5 oonos « UJ/Ca: helps with distinction between calcite and
‘\(3"’ ooos aragonite flow-path-precipitation
>
fCa




Carbonate Data Analyser (CDA)

facilitating speleothem paleoclimate interpretations

* Automates the comparison between —_
CaveCalcV2.0 model output and measured
speleothem data Internalises procedures
- developed in Lechleitner et
* Returns the environmental input values (e.g al., 2021; Stoll et al, 2023
soil pCO,) that match (within user
defined tolerance) with the measured speleothem -
data

CO2 Processes
User soil inputs Available measurements
soil-gas pCO2: (600.0 to 8000.0) @ Model Inputs B Model Outputs -
d13Cson: (-27.21 to -15.03) User miscellaneous inputs Sr/Ca Ba/Ca

.
SO | l p C O Ti(4.01012:0) uca  d18o
2 ir pCO2: (260.0 to 6000.0)

aaaaaaa

— 8000~ -
E B - .9 o D] d13c initial solution cutputs from viable soil d13C, soil gas pcolzﬁand gas-to-water ratio B] Viable soil gs pC02, constrained by matches between modeled and measured Caco3
8 6000} =

5 N o —°' s AN 7000

O 4000 o O °

Q L M 101 u 0 5000 °
n. - o

= 2000} = 2 Q- oo

{E [ [ =" : 3000

1 | r 1 1 = = 9 O a0
7926 8558 12496 12873 13461 15390 24980 - N oo @ & -
Age Iyr BF] OO 7.926 8.558 12.496 1;.:;3 13.461 15.39 24.99 7.926 8.558 12.496 12A.§:3 13.461 15.39 24.99

- & Candela (observation, i.e., model target}'

(=2 Mixing lines = Sensitivity analysis | CaveCaIcVZ 0 generated figures
Lechleitner et al., 2021



Carbonate Data Analyser (CDA)

Operating procedure

1) Speleothem input file

Age dl3c | d1so d44Ca DCP Mg/Ca Sr/Ca Ba/Ca |TU/Ca Up to 8 proxies (§'3C, 680, §44Ca, DCP, Mg/Ca, Sr/Ca,
kaBP) | (%) (%) (%a) (%) (mmol/ (mmol/ (mmol/ | (mmol/ Ba/Ca, U /Ca)
mol) mol) mol) mol)
15 -6.0 -11.0 071 23 1.10 0.3 0.1 0.07 . . . .
” With more proxies leading to a more constrained
18 -5.0 -8.0 0.32 17 1.20 0.4 01 0.08 .
- environmental system
25 -32 -6.7 059 12 1.50 0.6 02 0.09

+

2) CaveCalc model inputs

v~ N

(environmental variables values to Forward No Match
——
constrain with measured speleothems) ——) Model runs ) CaCO; Model Measured
e.q. output Match Speleothem Data
Soil-gas pCO, = (XqeeeeennnXy) \ /
SO'['COZ 6130 = (y1 ........ n)
Soilgasvolume = (z,......... z,) . -
Temperature = (t;.........t,) 3) CDA Output file (Matched speleothem and environmental values)
Cave air pC02 = (C1......Cn) Age (kaBP)  8%Cg.co; CaveCalc  Mg/Cacacos  CaveCalc fCa soil_pCO2 soil_d13C soil_Mg bedrock_MgCa temperature .......
5"Ccacos Mg/Cacacos
12 -8.40 -8.56 1.80 1.81 0.92 500 -18 0 130 10
12 -8.40 -8.39 1.80 1.90 0.88 500 -18 0 130 10

25 -6.50 -6.92 2.90 2.88 0.58 4000 -18 0 130 10




CDA Graphical Output Example

Su m ma ry Of mOdel in pUts is prOVided e.g. e User soil inputs Coz Processes Available measurements
Soil-gas pCO,: 200 to 8000 ppmv SO 00 w0 o todehous W voseioune
0"183C 4 igas: -25 t0 -15%o0 " Tasowise PR
soﬂ:gas . . g cave air pCO2: (260.0 to 260.0)
Cave al r pCOz. 260 tO 1 500 p p mV E B] viable soil gas pCO2, constrained by matches between modeled and measured CaCO3
. o o 8000 . .
Temperature: 19°C a,::. o0 Viable Soil-pC0O2
Gas Volume (L/kg) 15t0 150 L/kg O 0001 inputs (median, 25th,
. .
%_ 40001 75th quartiles
1 3000
'_6‘ 2000 - m
) 1000
: : LM : MH
Userinput file (measured speleothem)
85 D] d13C initial solution outputs from viable soil d13C, soil gas pC02, and gas-to-water ratio
Age [kaBP] d3C (%o, VPDB) d**Ca (%o, SRM 915a) DCP (%) —9.0
Last Millennium -4.63 -0.05 22.3 —9.5
; —=10.0 4 .
Mid-Holocene -3.85 0.87 10 Vlable 613C

init solution

|
a
o
n

Tolerance_d13C =0.3
Tolerance _d44Ca=0.2
Tolerance DCP =1

13
6 Cinit solution
|

-11.0 1 Eia outputs

LM rge MH

_ Viable fca outputs constrained by matches between modeled and measured
Bl caco=

Also available graphical outputs of:
513C._. Viable fCa (i.e., amount
G S\O/"'Tcoz Lk T oo of Prior Carbonate

as volume ( g) Q Precipitation) output

0.5

Initial Ca2* (mmol/kgw)
Cave air pCO, : £
+ many more in the .csv file T

LM fge MH




Thanks for listening!

https://github.com/Samhollowood/CaveCalcV2.0

SCAN ME

Any Questions please reach out at
Samuel.Hollowood@bnc.ox.ac.uk!
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