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Geologic History of the Salton Trough Rift
Early Pliocene rift initiation
(4-5 my).
Transaxial growth of the C.R.
delta mid to late Pliocene
(2-3 my).
Hydrologic isolation of the
northern Salton Trough
in late Pliocene.
En echelon series of MOR
spreading center fragments
yield igneous heat input into
overlying pull-apart basins.

The Origin of Hot Brines Beneath the Salton Sea
Hundreds to perhaps thousands of ancient Salton Seas,
collectively known as “Lake Cahuilla” have formed and
evaporated in the isolated northern Salton Trough rift since
the late Pliocene.
Some of these lakes were 3-4 times the area of the modern
Salton Sea.
The lake has never been stable - it is always filling up or
drying out.
Repeated lake infilling and desiccation over geologic time is
responsible for the hypersaline brines at depth.

“Brine Pump”: every time a new lake forms, it redissolves the salt left over from
evaporation of the previous lake and pumps it into the ground.
Salt mining in “Salton Sink” 1854-1905

Pleistocene gypsum/mudstone cycles near Durmid Hills

Tufa from a Lake Cahuilla high stand, Santa Rosa Mtns

Pleistocene gypsum (now anhydrite) in deep geothermal drillcore

7,735 foot depth,
beneath Bishop Tuff
(>770,000 years old)

Over ~2 million years, this lake salt has accumulated as a deep
basinal NaCl brine normally found at 5-6 km depth.
Because of the brine pump, these brines all have the chlorinity of
NaCl-saturated water at 20oC.

Above the MOR spreading center fragments in the
pull-apart basins, magmatic heating has locally
caused the brine to rise buoyantly as a diapir.

Basalt and
rhyolite
intrusions

Hot “brine
diapir”

Perfect recipe for making hot metal-rich brine:
Unaltered rocks:
sediments
rhyolites
evaporites

Fractured,
metamorphosed reservoir
rocks (hornfels)
Buried Na-Cl
basinal brine
Metalliferous
Na-Ca-K-Cl brine

Magmatic
heat &
seismicity

Li, Mn, Zn, etc.

Many metals have been stripped out of the metamorphosed sediments and now
reside as Valuable Critical Metals in Salton Sea geothermal brines

Can we extract the Li, and why should we do so?

Lithium Resources and the U.S. Supply Chain
Compound name
Lithium metal
Lithium hydroxide monohydrate
Lithium carbonate

Chemical formula Molecular weight
Li
6.94
LiOH.H2O
41.96
Li2CO3
73.89

kg per Li equivalent
1.00
6.05
5.32

1 ton Li metal = 5.32 tons LCE = 6.05 tons LHME

Australia, Chile and China are the biggest global producers.
US has to import most of its lithium (W = <2,000 tons/yr)

Data in metric tons of Li metal,
USGS MCS 2022

This complex international supply chain can be easily
interrupted or broken by wars and pandemics.

Our lithium use causes damage
to the Atacama Desert’s dry salt
flats (salars) in South America

Financial Post

Salar de Atacama, Chile –
the size of Yosemite National
Park (3000 km2)
https://eros.usgs.gov/image-gallery/earthshot/salar-de-atacama-chile

50 km

Environmental impacts of traditional salar Li mining in Chile & Argentina: huge footprint, high water loss, lagoon ecology.

SQM; Lithium Americas; Millennial Lithium

>500,000 gallons of water used to make 1 metric ton of LCE (1-2 years)

Traditional open-pit hard rock Li mines in Australia: blasting, crushing, dust, sulfuric acid, tailings piles and ponds.

Tianqi Lithium; samcotech.com, cat-engines.blogspot.com

Solid lithium mineral
(spodumene, petalite)

Liu et al., 2022

Geothermal brine Li recovery: smallest footprint: closed-loop process, no huge evaporation ponds, no blasting, no pits.

Li filter
added to
existing
geothermal
plant

ESM

CTR

Chilean salar brine:
3,100 acres
Australian hard rock:
465 acres

BHER

Geothermal lithium:
50 acres

Currently characterizing the Li resources in the SSGF
LBNL-UCR-Geologica Joint Project
$1.2M from DOE-Geothermal Technologies Office
● How much Li is in the geothermal
Patrick F. Dobson
Energy Geosciences Division
reservoir (brines + rocks)?
Lawrence Berkeley National Laboratory
● How much Li can be recovered?
● Where is the Li coming from?
● How sustainable is the Li production
over time?
● What are the environmental
consequences?

Reservoir brine Li concentration is highly predictable: correlates with chlorinity.
Carried as LiCl ion pair in >300oC fluid with only 4-5 water molecules per ion.

Williams and McKibben, 1989

How much total Li is in the geothermal brine reservoir?
Estimate: brine Li concentration × reservoir porosity × reservoir volume (McKibben, 2021;
McKibben et al., 2021). There are ranges in resource area, thickness, porosity and Li
concentration. “Conservative” = currently drilled portion of reservoir, porosity of 10%.
“Optimistic” = total reservoir volume from Kaspereit et al. (2016) plus a porosity of 20%:

For comparison, Salar de Atacama in Chile contains 6 million metric tons of Li metal (Munk et al. 2016).

How much of the Li can be recovered?
For the current field’s
brine production rates:
The total amount of Li
contained in produced
brine over a year =
120,000,000 x 0.0002
(200 ppm Li) = 24,000
tons Li metal/yr (1/4 of
2021 global lithium
production),
equivalent to 128,000
tons LCE/yr.
Annual cumulative brine production rates (CA Dept. of Conservation, 2021).

(Assumes 100% Li recovery)

Increase that by 2x or 3x as geothermal field expands to ~ 1,000 MWe over next decade,
to meet state power grid mandates:
BHER (210 kt)
+ ESM (18 kt)
+ CTR (200 kt)
= 428,000 tons
LCE/yr
Equals 85% of
2021 world Li
production!

Besseling, 2018
BHER leases

How long will the Li last?
For a maximum of 428 kt/y of LCE at full geothermal field expansion:
“Optimistic reserves”

Annual depletion rate

Years of production

32 Mt LCE

1.3%

75

But we need far more sophisticated reserve and depletion estimates that take into
consideration Li dilution due to reinjection and Li replenishment due to reaction of reinjected
brines with the reservoir rocks, all of which require a better brine reservoir model.

Where is the Li coming from?
Evaporites, mudstones are obvious candidates, but also: rhyolites (5 active but dormant volcanoes)

Why do we care? If reinjected spent brines
can reacquire Li quickly enough, we want to
reinject into the Li-rich source rocks, to help
sustain Li extraction over time.

Wright et al. 2015

Schmitt and Hulen 2008

Sampling wells and rocks for Li contents and Li7/Li6 isotope ratios
Using Li isotope ratios to fingerprint origins of Li

SEM coupled with in situ laser
ablation ICP-MS (20 µm spot)

Tomascak et al., 2016

Extraction: importance of brine clarification at the Salton Sea power plants
The spent, cooled brine precipitates an Fe-silica
product that must be removed and disposed
of as a filter cake.
Without the removal of these precipitated
solids, the reinjection wells would plug up.
Operators seed the crystallization of the
precipitates in a reactor-clarifier system.
This clarified brine is the initial
feed for the Li extraction process,
which requires further clarification
steps.

Seed crystals force precipitation
Precipitated solids settle out of clarifiers

ESM: has been piloting ILiAD adsorbent bead process at 60 MWe Featherstone plant since 2016
Now scaling up to commercial production in 2024 with TechMet and Schlumberger New Energy
Spent brine feed from
reactor-clarifiers

Further clarification
Mn, Zn removal
IonEx - Li extraction
Ca, Mg removal
SolvEx
Elution
Electrolysis
LiOH.H2O
2021 ESM EIR

ESM

BHER (owns 10 of the 11 current power plants):
• Just built a $12M 1/10 scale DLE demonstration plant next to reactor-clarifiers at Unit 5 power plant.
• Commissioned in April 2022.
• Building a second pilot plant to convert LiCl to Li2CO3, should be online next spring.
• If pilot tests go as planned, commercial scale plant will be built starting 2024, operational in 2026-2028.
• BH just gained a controlling interest in Occidental and TerraLithium – and all of the Simbol DLE patents.

CTR: currently drilling and testing production and injection wells
Goal is to complete 50 acre Stage 1 50 MWe facility (20,000 t/yr LCE ) by early 2024
Using Lilac Solutions MnOx
porous beads process

CTR

Stage 2 would support 260 MW power production and 100,000 tons/yr of LCE.
Inked an agreement with Statevolt to build a $4B 54 GWe battery factory.

$4M DOE Geothermal Li Extraction Prize

40 teams applied, 15 semi-finalists, 5 finalists to be announced mid-July

Engineered Lithium-Ion Sieve Technology
(E-LIST) for Direct Lithium Extraction and
Lithium Hydroxide Production
Cornell University | University of Utah | University of California, Riverside

Our team’s Li recovery process for Salton Sea geothermal brines:
•
•
•
•

Based on a de-lithiated hydrogen titanium trioxide nano-particle adsorbent coated
on diatomaceous earth. Titania comes from steel arc furnace slag.
Designed to save water and recover and recycle all acid reagents that are used to
elute the lithium.
Employs electrodialysis for LiOH production because it avoids Mg carryover.
Will be tested on real SSGF brines in Phase III of the prize competition.

Environmental consequences: waste stream from reactor-clarifier filter cake
Regulated and tested like any other waste by EPA and CalEPA
Hazardous = class I, non-hazardous = class II, municipal = class III
filter cake

Morris and Stephens
1981

exposure limit
soluble extract

ESM: Currently their power plant generates 10 metric tons of filter cake per day (two truckloads). Due to additional clarification
needed for DLE, that number will increase to 100 metric tons when the full-scale minerals extraction plant is up and running.
Where the material is disposed of depends on the required testing that determines where it is eligible to be taken.
ESM’s 2021 DEIR states: “It is estimated that 90 percent of the filter cakes, approximately 37,602 cubic yards of iron silica, would fall below
California’s thresholds for soluble threshold limit concentration (STLC) and total threshold limit concentration (TTLC) and could be disposed
of within the state of California. The accumulated waste would be subsequently delivered to an authorized Class I or Class II landfill
authorized to accept the waste for proper disposal. The remaining 10 percent, or approximately 4,178 cubic yards, would exceed these
standards and would be trucked to the Copper Mountain Landfill … in Wellton, Arizona, approximately 96 miles southeast of the Project
site.”

https://lifeontheopenroad.blogspot.com

BHER: Their class II non-hazardous filter cake is disposed of in a dedicated landfill (monofill) 23 miles to the west of the field
(outside Westmorland) operated by their Desert Valley Company. BHER owns 1200 acres, and each disposal cell has a footprint
of 60 acres. Disposal began in 1989-90 in the first cell, and Cell 3 is currently in operation, with a permit being requested to
open a fourth cell soon. There are currently four truck drivers and four staff at the monofill involved in this operation.
Limited to maximum of 750 tons per day and 273,750 tons
annually. Currently delivering about 300 tons per day.
BHER truckloads range from 6 to a maximum of 38 per day,
each with an approximate filter cake load capacity of less
than 25 tons.
DVC DEIR 2021

World Bank 2016

Gas emissions:
Geothermal power plants emit 10x to 100x less C and S gases
than fossil fuel power plants – coal is the worst.

CA RWQCB 2013

Majority of emsissions are H2O (>99%) and CO2 (0.2%), both
vented into atmosphere, and trace H2S (scrubbed).
CO2 emissions from the Salton Sea plants are published annually
by CARB:

96%

Above 10
ppm limit

Chevron’s El Segundo Oil Refinery: 3,000,000 tons/yr

Below 1
ppm limit

CARB 2019
CA RWQCB 2013

CO2 emissions from Li production – depends on process
Pell et al. 2020: geothermal
brine extraction is the lowest
CO2 emitter of all Li
production methods.
Hard rock mining is the
worst.
Local use of geothermal
electricity can off-set use of
fossil fuel electricity for a
reduced carbon emission
(CA) or a net carbon credit
(Germany).

ESM plant

Geothermal water usage in context
Municipal
& Industry
4%

IID Water Distributions
(acre-feet per year)
Agricultural water distribution is
25 times municipal + industrial
distribution in the IID region.

Agriculture
96%
IID WCP 2021

Lining and covering canals
could produce huge savings

Municipal versus Geothermal water use
IID Municipal and Geothermal Water Use
(acre-feet per year, 10 year average)

Geothermal
48%

Municipal
52%

Imperial Co. IRWMP 2012

Municipal 700-9,000 AFY each town vs. Geothermal 10-6,600 AFY each plant.
Totals 34,799 AFY all municipalities vs. 32,635 AFY all geothermal power plants.

Water use estimates for geothermal Li extraction
ESM EIR 2021: 3,456 AFY of IID canal water for scaled-up extraction
operations = 62,600 gallons of water per metric ton of LCE.
BHER has said it will use 50,000 gallons of water per metric ton of LCE, one
tenth of the water needed in South American salar operations.
Potential water sources for geothermal Li extraction:
IID canal water (but competes with ag, municipal)
Brackish (non-potable) shallow groundwater (non-IID)
Steam condensate (self-generated by geothermal operators)
Desalination and importation of water from the Sea of Cortez ($$$$$)

HR-2 Simbol Li plant EIR (never built)

Conclusions
● Geothermal Li extraction is the least destructive Li production method and can help
●
●
●
●
●

secure a stable domestic supply chain for growing U.S. Li needs.
Infrastructure costs are minimized because the bulk of the brine production and
reinjection facilities already exist as geothermal power plants.
Over 100,000 metric tons/yr of LCE could be produced from the 11 current Salton
Sea power plants, if Li extraction methods being piloted now are highly effective and
can be scaled up to commercial production.
Expansion of the field over the next decade could ultimately generate over 400,000
metric tons/yr of LCE, comparable to 85% of present global production.
The Salton Sea geothermal field’s reservoir brines may contain up to 32 million
metric tons of LCE, capable of ~75 years of production at maximum field expansion.
A LBNL-UCR-Geologica study will further refine these estimates and evaluate likely
environmental impacts from geothermal Li extraction.

