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Goal: Reconstructing Lake Activity

Why?
» Water activity is the partial pressure of water in a solution, which is a crucial driver of chemical (e.g., dissociation

constants) and physical (e.g., evaporation and stable isotope enrichment) properties of water.

e Accurate reconstructing past climate and environmental conditions using lacustrine proxies requires a quantification of
past water activity.

=0, success!

How? .
Crunch time!

Lake Chemical Model — Lacustrine Data

~

Problem ®
Crunch time...

In this work we test Radix
sp. as our pet (it prefers
just Radix...
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Which lakes do we model?

The simplest!

Closed basin lakes represent a relatively closed system
In a steady state we can assume:

> The lake level is stable and forms a distinct shoreline

» The only output for water is evaporation, hence E = Precipitation + River input

Evaporation is temperature dependent and can be extrapolated from
modern estimates an independent temperature records (marine SST,
lake cores or climate models)

Evaporation can also be evaluated using isotopic proxies

Precipitation and runoff can be evaluated from:

e (Climate models

* Water-balance at steady state

Quantifying annual precipitation

Lake at steady state:

P-F-A.+P-A =E, ‘A

P: Precipitation (mm/day)

F: fraction of runoff (%)

A catchment area (km?)

E,: lake evap (mm/day)

A.: lake area (km?)

Ec: catchment evap (mm/day)
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Dali Lake — a closed-basin-lake at the edge of the EAM
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Testing for closed basin:

At steady state: F, x [Cl]i, = Four X [Cl]jake

Thus: [CI]river/ [CI]Iake = Fgroundwater /Friver =~0.5%
Therefore, the lake is closed with only minimal outflow.
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Dali Lake level history

* Dali lake level is well documented
* The lake level curve since the last glacial maximum shows
several stable state high stands
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To achieve this, we need to know what happened chemically Age (ka Cal BP)
dur_’ing those rapid fluctuations and for this we need a Shape = sedimenttype  Color = dating method
calibrated mass-balance model for the lake .
[ ] Lake sediment = 14C on shells
/\ Alluvium s 14C on charcoal
<> Beach-ridge s QS L
Goldsmith et al., 2017
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Back to our pet.... Radix sp.

Friends recommend Radix:

“Overall, the fossil shells of the gastropod Radix sp. in
the terraces of the lakes on the Tibetan Plateau are a
potentially valuable archive for reconstructing the
paleohydrology and paleoclimatology of the region”

Chen et al., 2016 and references within
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Radix sp. was collected from multiple high stand sites in Dali Lake (n=41)

Some were even used in
constructing the lake level curve!
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Understanding Radix

e Shell composition was analyzed using a RESOlution 193nm excimer laser ablation system
e Shells were treated to remove organic and detrital material

* First few seconds were ignored to remove contamination

* Investigated shells from 7 high stand locations + modern

Data analysis:

* Each color represents a site

* Each site ‘envelope’ represents the variability between
analyzed samples or duplicates

* X-axe is normalized and resampled (as not all snails
allowed for the same number of spots)

* Y-axe is normalized against the mean (as composition
between snails varied

64 um spot size, 8Hz repetition rate, ~120 um constant spacing between spots

00
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Getting the truest chemical indication from a shell

* Juvenile shell may not be in geochemical equilibrium
* Towards the end of its life cycle, gastropods invest Ca (and energy) in eggs
* So the question is — can we use bulk composition? Or the mean laser data?

Short answer — no

Better answer — we have a way around this!

Comparing over 20 shells from multiple sites, in various sizes
and preservation states and normalizing all to the same plot

we notice a pattern:

The Radix is going through a mid-life crises, which is GREAT!

Radix stop having juvenile fun and just before they mate and

develop eggs they just chill and eat (Protozoa,
weeds, cyanobacteria, chlorophyta, and diatoms)

It is likely that during this time it registers the most

true to lake value

End of
life,

Plateau

Early life “vital effects”???
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Radix chemical time series

* We evaluate lake vol (km3) vs. plateau mean chemical composition |
* Most elements with a good laser measurement display a good negative correlation: low-stand N
equals higher concentrations

and shell concentrations —
if the partitioning is reliable over a range of
compositions (i.e., activities), we can use it!

But how do we know this?

Modern shell
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In(Y) =-1.3278 * In(X) + 8.8001
Data points = 19

Mg shows an almost perfect fit between volume R?=0.5

Correlation, R =0.7073
40 | P-Value = Less than 0.0001
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Radix Mg partitioning

e Luckily, Chen et al. (2016) reviewed Radix chemistry from several
closed basin lakes on the Tibetan plateau from Lat 28° to 32°
* The lakes span a range of salinities and chemical composition

-2.8
* While they were looking for Sr partitioning, they were kind enough OB(KS) = 0.6574 *log(Me/Ca,) - 3.6599
. . Points used = 15
to tabulate the Mg for their Radix N R = 0.848
P-Value = Less than 0.0001
-3.2 Standard error of X coefficient = +/-0.0605
. . . ndard error of fficient = +/-0.
Their data (ours in blue) shows that despite the very low Kd,,, values srandard error oY coeficent = 00773
the trend is no different than published in relevant literature (e.g.,
Hauzer et al., 2018; Segev and Erez, 200, Geeza et al., 2019) »é.,'“
N
E;
!
We should be able to use this Kd to validate our mass-
balance chemical model of lake Dali. "
O
-4.8
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Log((Mg/Ca),,.) [molar ratio]
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To be continued...

The model is in progress but so far:

 We show that Radix indeed have potential as chemical (and not just isotopic) palaeo-environmental
recorders

 We suggest a new methodology to remove the “vital effect” in shells for some elements, specifically
here — Mg

* We observe the expected strong inverse relationship between shell Mg data and lake volume (but not

only)

What'’s left to do?
* Model for Dali lake based on Goldsmith et al (2017)

TOé“E 1M0°E 12(|)°E 13[‘)"E '\46°E

. . . ¥
* Improve and add more geochemical elements (e.g., laser+MS fine tuning)
* Add more sites! We have the shells, we just need the laser and time! _, S:TRER
\ b, GEREE
ol ' PR
See you next EGU! L -~
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