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MOTIVATIONS
Water	budgets	in	these	systems	reflect/integrate	long	
temporal	&	spatial	scales	– Balance?

Need	to	better	describe &	quantify	connectivity between	
modern	climate,	surface	water,	and	groundwater?

What	are	the	primary	controls and	time	scales	of	these	
connections – responses	to	natural	&	anthropogenic	
perturbations?

A	simple	“relative	age”	method	is	a	highly	effective	way	to	
constrain	these	questions	in	this	environment
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Water	Tracer	
Methodology	Overview
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Lindsey	et	al.,	2019
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• Water source signature is 
imprinted – then decays

• 3H activity in water – % 
Modern content

• Water with very little 3H 
activity is relic

• U of Utah Noble Gas Lab –
precise (+/- 2%; 0.05 TU)

Bomb Peak Precipitation input
then decay -
12.3yr half-life 

3H – dead 
water

Background value = 
precipitation Input

Differentiate source components: Pre-modern or Relic
(>65 yrs) from those with substantial Modern component

Water Age Tracing - Tritium



Recent	Findings	and	
Updated		Conceptual	
Model
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15-50%

30%

0-7%
• 3H	paired	with	18O/2H		isotopes	in	water	–
surveyed	all	waters	in	the	basin
• Consistent	patterns	by	water	type,	and	>10	
years	of	repeat	sampling

• Predominant	source	is	from	high	divide	
regions	and	outside	the	watershed

• Nearly	all	inflow	to	the	basin	is	relic
• Logic	and	modeling	suggest	most	is	much	
older

• Surface	waters	are	very	unique

• Takeaway:	Most	water	is	ancient but	wetlands	
and	shallow	groundwaters	are	unique

0-4%0-5%

0-4%
%	modern	water	content

Wate r 	 S o u r c e s 	 a t 	 S dA



Consistent

• 142 3H samples of 
all water types over 
multiple years

• Consistent 
patterns regionally 
– insights into 
fundamental 
processes

• Strong 
distinctions over 
short spatial 
distances

Lithium	
Triangle Region



• Very	deep	water	tables	cause	
strong	decoupling

• Coupling only	occurs	when	water	
tables	are	persistently	near	the	
surface

• Preferential	flow	‘conduits’	are	
the	primary	control	on:
• Recent	water	inputs	to	aquifers	
and	surface	waters

• Location	and	magnitude	of	
response	time

• Their	existence	(or	absence)	
strongly	influences	responses	to	
perturbations

Thick Vadose Zones

Thick Vadose Zones

Most water is >>old

Most water is >>old

Shallow water tables 
create efficient conduits

Conceptual	Model



Comb i n i n g 	 Tra c e r sTritium	3H
Ø Relative	water	age

Deuterium-excess	(18O/2H)
Ø Evaporation	Influence

Chloride	content
Ø Interaction	with	brine	body

Competing	influences	of	Recent	
Rainfall	– Relic	water	–
Evapoconcentration

Defines	water	
compartments	and	
interconnections Nucleus	Brine

Inflows

Wetlands

Mixing



KEY	TAKEAWAYS
Salar	hydrologic	systems	are	decoupled	from	modern	climate	except	
through	specific	pathways
Ø Specific,	strong	controls	on	this	connectivity

Responses	to	perturbations	(in	space	&	time)	dependent	on	these	
connections

Local	or	recent	(modern)	precipitation	is	a	small	but	important	input	
to	these	systems

Contemporary	inputs	are	highly	focused	in	nature	
Ø An	important	part	of	near-surface	salar	water	bodies	but	almost	
nonexistent	elsewhere

These	conduits	are	critical	to	mining	and	climate	
resilience	
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Basin-wide	post-development	water	budget

Modern	Precipitation Modern	Precipitation
Evaporation

Brine	Storage

I
n
p
u
t
s

O
u
t
p
u
t
sFresh	Storage

Withdrawals

In	Moran	et	al.,	2022	we	
quantified	post-
development	water	
budgets	with	Boutt	et	
al.,	2021 using:
• Uncertainty-

bounded	flux	
estimates	of	
Precipitation-
Recharge,	and	
Evaporation

• Isotopic	tracers	and	
relative	water	age	
averages

*Units	in	L/s

Revised	Post	Development	water	budget	estimate
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How	does	our	new	conceptual	model	
inform	basin-wide	water	budgets?

Total	basin	outflow is	
composed	of:
1. Precipitation	and	

brine	groundwater	
storage	ET	losses

2. Fresh	relic	
groundwater	
inflow

3. Very	recent	water	
in	the	shallow	
wetlands

4. Intermediate	age	
marginal	inflows

Updated	water	budgets	need	to	integrate	these	time	scales



Thank	You!
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Anc ient 	 v. 	Modern 	
Water

3H

• How	water	moves	
through	marginal	
zones

• Old	water	is	
dominant	but	short-
term	climate	has	
major	impacts	by	
affecting	the	recent	
water	component	of	
input	– very	
focused

10%
35%25%

~0%

20%

Modern Precipitation



New Conceptual Model
Losing Stream

Perched Stream

Salar

Salar
Fresh

Fresh

Brine Aquifer

Key hydrological Controls:
• Very long transit times – decoupled 

from modern climate

• Losing Streams - Perched Streams

• Fine-grained sediments – wetlands

• Brine aquifers

• Modern climate inputs - pathways

Modern water conduits:
1. Persistent sw bodies
2. Shallow water tables (Vegas)
3. Preferential pathways in 

coarse grained units & karst

40%

30%

3%

0%

23%

20%

Vegas

Vegas
Streams

Stream

Brine Aquifer

0%

28% 

Refer	to	PLOS	Water	Paper
Use	other	Conceptual	models?
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% modern paired with its d-excess signature

Inflow Gw
Brine Aquifers

Effectively discretize hydrological systems by:
source, average residence time and modern climate connectivity 

Surface Waters
Streams









• Source signature conserved in recharge
• Gw source signature - integrates larger 

spatial and temporal scales 
• Evaporative fractionation - surface waters

Precipitation

Surface Water

Groundwater

Tracing with stable isotopes in water

Differentiate source waters and pathways 
through cycle by these patterns

GMWL

[18O/16O]

[2H/1H] 


