(ESUsz, 2020

Understanding modern kinetic isotope effect in Anjohibe
Cave, in Northwestern Madagascar: a key to calibrate
speleothem 620 and 613C

NY RiaAvO G. VOARINTSOA

Antsa Lal’Aina J. Ratovonanahary
Zafitafika Miandrisoa Rakotovao
@ @ Steven Bouillon

© 08 May 2020

0
2
0
F
0
<
E

MARIE CURI




Background

Madagascar
* is a natural laboratory to study
paleoclimate and paleoenvironment.

 is seasonally visited by the Intertropical
Convergence Zone (ITCZ) and experiences
monsoon during austral summers.

* hosts caves where speleothems can be
found.

Madagascar holds a key position in the Indian Ocean to fill
gaps in  paleoclimate  reconstruction in  the Southern
Hemisphere (where paleoclimate data are still scarce).
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Background

Speleothems are
secondary cave deposits

) Precipitation
Gaag)+ 2HCO; (ag) = CaC0y {5+ CO,(g) + Hy0 )

Dissolution

/

The precipitated carbonate preserves
various geochemical signatures that
reflect environmental conditions at the
time of stalagmite deposition.
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To produce reliable proxies, “equilibrium” was
required but studies show that all cave carbonates
precipitate out of isotopic equilibrium (e.g., Mickler et
al., 2006, Daéron et al., 2019).
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Background

Madagascar & speleothems revealed
« distinct early, mid, and late Holocene climatic
regimes that were linked to the lafitudinal migration

of the ITCZ, and the monsoonal responses 5

associated with the migration (Voarintsoa et al.,
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 evidence of the African Humid Period and rapid "

climate changes during the Holocene (Wang et al.,
2019)

« shift in 8'3C. starting ca. AD 800 that was attributed
to anthropogenic activities (Burns et al., 2016, S

Voarintsoa et al., 2017a, Scroxton et al., 2017, Wang ?
et al., 2019) (
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Knowledge
/ gdaps

Although information from these speleothems
is unquestionably significant, there are still
gaps in isotopic proxies interpretation,
mainly in linking modern environments
where these speleothems grew and the
signals they preserve.

© Authors, all rights reserved

Precipitation Dissolution

(1): Degassing (and/or evaporation) begins
-~ D Saturation state increases
(2): CaCOs precipitation into stalagmite

Voarintsoa, 2017, PhD Thesis
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Objectives

Understand C and O isotopic fractionation in Anjohibe Cave

l

Compare data with laboratory and/or theoretical studies

!

o Assess the oxygen isotopic fractionation factor in a global context

o Assess carbon isotopic variations as a function of various cave
parameters
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Methods

Measuring the 8'80. and §'3C.. values of
modern speleothems,

» Measuring the temperature of the drip
water,

> Measuring the 8§'80,, and the §'3Cp,c of
the feeding drip water

from eleven stations in the cave.

» measuring other physico-chemical
parameters in the cave

» pCO,, Relative Humidity (RH), air T

» pH, Electric Conductivity, Total Dissolved Solids

» Elemental analyses (Ca, Mg, ...)

DIC= Dissolved Inorganic Carbon

© Authors, all rights reserved

D Well-ventilated, low RH

O Not well-ventilated, high RH




Overall observations
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Predicted vs. measured 618OC Predicted 680, mean values:
> —6.63+0.58%:

- 1) T (Horita and Clayton, 2007)
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» The measured values are comparable with the predicted values using the isotopic
fractionation curves of Hansen et al. (2019), which is based on cave-analog laboratory
experiment.
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> The oxygen isotope fractionation factors

fromm Madagascar fit within the global
fractionation data as a function of

temperature

1000 In 8ac = 16.89 £ 0.62 (103/T(°K)) — 27.41 + 2.14
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We really need to rethink about our approach about isotopic equilibrium in caves !!!!
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» The fractionation factors from Madagascar

fit within the global fractionation data as a
function of temperature

1000 In 8ac = 16.89 + 0.62 (103/T(°K)) — 27.41 + 2.14

> But the isotopic fractionation curves shift
away from curve derived from the lab
experiments and theoretical studies, except
for Hansen et al. (2019), a cave-analog
experiment.
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Predicted vs. measured 5'3C.
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although the measured values are slightly higher.
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Predicted 5'3C. mean values:

> =7.9815.82%
(Emrich et al., 1970)

> —4.98+3.89%0
(Romanek et al., 1992)

> —4.181+3.36%
(Mook, 2000),

Our samples =3.11+3.70%.

» The measured values are closer to the prediction of Romanek et al. (1992) and Mook (2000)

» Lsotopic fractionation factors are weakly temperature dependent (Beqy,psppc— —0.0005 (105T2) + 0.0082)
4
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513C and other cave parameters

2 -
=l u
.
-2 - o®
~d & Re=08%
6 - L . u
R? = 0.841 N
[ ] ‘e.
.
-10 | Bt ¥
°
... @
14 i . 8 ,
200 250 300 350 400
TDS (ppm)
2 p
l R? = 0.8389
[ | .,/ .
-2 A . .
e R2 = 0.8139
-6 - n - L
.
Y
104 T
: Carb
° [ ] arbonates
d) * DIC
-14 : : .
70 80 90 100
Relative humidity (%)

There is a strong inverse relationship between

» 07C and Electric Conductivity (EC),
» 07C and Total Dissolved Solids (TDS),
» 0°C and [Mg+Cal

There is a strong positive relationship between
» 07C and Relative Humidity (indicator of

cave ventilation)

» Potentially a strong influence of prior
carbonate precipitation (PCP) or

simply fast carbonate precipitation
on &13C.

» Nature of the bedrock dissolution
(open vs. closed conditions).

(refer to the CaveCalc model of Owen et al. (2018) and
the extended ISOLUTION model of Fohimeister et al. (2020),
that is originally from Deininger et al. (2012) and Deininger
and Scholz (2019)



Conclusions

The oxygen isotope fractionation factors The carbon isotope fractionation factors

fromm Madagascar fit within the global from Madagascar is still difficult to assess
fractionation data as a function of given the limited worldwide dataset on
temperature. d13C. and 813Cpc .
This global fractionation agrees well with Only a weak temperature dependence
that of Hansen et al. (2019). observed.
> We really need to rethink about our approach » Potential influence of fast carbonates

about isotopic equilibrium test in caves !!!! precipitation and prior carbonate precipitation

3 3
» Running a test for consistency of the isotopic (PCP) on the 5Cp,c and hence the 5"°C,

fractionation factors relative to the global cave » Potential influence of the open vs. closed bedrock
isotopic fractionation curves is more crucial. dissolution on he 83Cpjc and hence the 63C..

\
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