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Background in Playas and Salars
 Worked on more than 18 salars in Chile, Argentina and Nevada.

 From 2009 to 2012, QP for three rounds of NI 43-101 Reports for Lithium 
Americas, culminating in a lithium brine Reserve Estimate.

 1st publicly released brine Reserve Estimate

 Due Diligence Studies of five different salars in Argentina and Chile

 Directed SEAWAT modeling efforts related to the Albemarle permit 
application at Salar Atacama.

 QP for work conducted by Talison Lithium, at the Salares Seven Lithium 
Brine Project in Chile.

 QP for two rounds of Technical Reports for the 3Q Project in Argentina

 Directed Resource estimates and (currently) numerical models for 
Albemarle Silver Peak

 Exploration playas in Nevada

 California
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Presentation Outline

• Lithium demand

• Li Resource / Reserve Estimation

• Andes deposits – Salars in Chile, Argentina, 

Bolivia

• Nevada deposits – Playas in the south

• California – San Andreas Fault
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Bloomberg’s annual electric vehicle sales forecast
– 30m pa by 2030, 60m pa by 2040
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Major Li Brine Deposits

 Approximately 83% of the world’s lithium brine reserves are 

contained on the Puna Plateau of Argentina, Chile and Bolivia

Nevada, USA

2% World Brine

Resources

Puna Plateau

83% World Brine

Resources
Tibet - China

14% World Brine

Resources

World Lithium Resources:

• 9 milllion tonnes in hard rock deposits

• 26 million tonnes in brine deposits



RESOURCE ESTIMATES RESERVE ESTIMATES

• First one 2008

• Currently, 

Reports for ~20 

Exploration Sites 

(grouping 

updates and 

initial report)

• First one 2012

• Currently, Reports for 

~3 Sites

Evaluating Li Brine Deposits

A new field, with few publicly available Reports:
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Increasing 

level of 

geological 

knowledge 

and 

confidence

MINERAL RESOURCES MINERAL RESERVES

Consideration of mining, metallurgical, economic, marketing, 

legal, environmental, social and governmental factors

(the “Modifying Factors”)

Definition of Resources and Reserves
(Originally defined for solid mineral deposits)

• Consistent with NI 43-101 (Canadian), JORC Code (Australian)

• SEC IG7 Guidance (US) conceptually similar, but less detail 

Inferred Early Stage 

Potential Viability

Probable

Proven

Indicated

Preliminary

Assessment

Pre-Feasibility

FeasibilityMeasured
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MINERAL RESOURCES MINERAL RESERVES

3D map of dissolved Li, based on:

1) drainable porosity , and

2) brine grade

How much Li can be produced, 

based on Resources, plus:

1) reservoir permeability

2) boundary conditions

3) all significant constraints

Evaluation of Brine Deposits
Some modification to solid mineral concepts

Modifying Factors

(conceptually similar to solid mineral deposits)

Increasing 

level of 

geological 

knowledge 

and 

confidence

Inferred Early Stage 

Potential Viability

Probable

Proven

Indicated

Preliminary

Assessment

Pre-Feasibility

FeasibilityMeasured
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F

Pore Space….In Resources and Reserves

Porosity

• = total voids = total 
fluid in sat. formation

• Generally considered 
an over-estimate of 
Resources

• Bulk Estimate (!) 
~20% of formation 
volume

Resources 

• Accepted measure is 

“Specific Yield”

• Amount that could 

drain by gravity

• Some disagreement re 

fine-grained materials

• Bulk Est. ~10%

Reserves

• “Determined” by 

numerical model, led 

by constraints

• Generally accepted 

~1/4 to 1/3 of Rsrce 

• Bulk Est. ~3.3%

(~17% of fluid)

Formation Solids       Brine Air
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Resource and Reserve Estimates
• Resource:

– how much is in the ground

– For brine, it is the drainable amount in the pore spaces

– Published Resources cover a wide range of complexity 

• Reserve: 

– how much of that can be economically extracted (pumped)

– Requires predictive modeling with boundary conditions and water 
balance, to represent freshwater capture and well drawdown

– By definition, there is no Reserve (no Project) without  the right to 
extract brine

• Qualified Professional (QP) concept is central in identifying project 
“risks”

• Rule of thumb: Reserves are 25-33% of Resources
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DEVELOP AND APPLY A NUMERICAL MODEL, and:

1. Add / remove wells in the model, according to systematic 
approach

2. Perform iterative checks for conformance with 
constraints:
– Lithium production targets

– Drawdown

– Minimum grade / maximum brine

– Safe basin yield (Clayton Valley), laguna effects (Atacama), other

3. Track recovery of Proven and Probable Reserves

4. Continue to end of specified operation period OR as long 
as constraints can be met

5. Perform summation of Proven and Probable recovery

Approach for Estimating Reserves
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Major Li Brine Deposits

 Approximately 83% of the world’s lithium brine reserves are 

contained on the Puna Plateau of Argentina, Chile and Bolivia

Nevada, USA

2% World Brine

Resources

Puna Plateau

83% World Brine

Resources
Tibet - China

14% World Brine

Resources

World Lithium Resources:

• 9 milllion tonnes in hard rock deposits

• 26 million tonnes in brine deposits
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Common Characteristics

of Salar Deposits

• Closed basin

• Desert conditions

• Basin subsidence

• Geothermal activity

• Bedrock with lithium
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• Producing since the 1980s

• Largest single source of Li in world, 

until recently

• Two companies: SQM and Albemarle

• Considerable additional production 

capacity

• Both companies seeking to increase 

production before their leases expire

• Main Reserves constraint is 

environmental: impact to flamingos

• 3 year assignment, now complete

• Follow-up assignment in process: to 

estimate Reserves
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• First Li project of Groundwater Insight

• Lithium Americas: junior miner now 

getting set for production

• First NI 43-101 Reserve Estimate for Li 

brine - 2012

• Main Reserves constraints:

• Excessive drawdown due to variable

aquifers – sand, halite, clay

• Recovery of brine from 3rd party 

properties



Model Boundary Conditions: Lateral Freshwater Inputs

- Determined with external model (HEC-HMS)

- Used to estimate freshwater flux into the sides of the FEFLOW Model
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Hydrostratigraphic Model

� Four primary units, each is assigned hydraulic properties relevant to brine flow 

and production (e.g. specific yield, conductivity, effective porosity, storage)

� The Hydrostratigraphic Model interpreted from borehole data and geophysics is 

discretized into the numerical model (24 layers)



Production Well Capture Zones

Year 4 Year 19 Year 39
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• Neolithium – junior miner

• 3 Resource Estimates

• Reserve Estimate to be announced soon

• Unique among juniors in that the entire 

salar is held
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Major Li Brine Deposits

 Approximately 83% of the world’s lithium brine reserves are 

contained on the Puna Plateau of Argentina, Chile and Bolivia

Nevada, USA

2% World Brine

Resources

Puna Plateau

83% World Brine

Resources
Tibet - China

14% World Brine

Resources

World Lithium Resources:

• 9 milllion tonnes in hard rock deposits

• 26 million tonnes in brine deposits
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(Playas)

• In the southern zone of the Basin 

and Range Province

• Extensional features, formed by 

NE/SW trending valleys and ridges

• Closed basins

• Volcanic activity w/ geothermal

• Desert conditions

• Grades and size not as high as 

Andes…..but closer to markets



Li
th

iu
m

B
ri

n
e

 –
H

e
a

rt
 o

f 
th

e
 E

n
e

rg
y 

St
o

ra
ge

 R
e

vo
lu

ti
o

n



Li
th

iu
m

B
ri

n
e

 –
H

e
a

rt
 o

f 
th

e
 E

n
e

rg
y 

St
o

ra
ge

 R
e

vo
lu

ti
o

n Background of Silver Peak Production

• Clayton Valley 
Hydrographic Basin

• Continuous 
production since the 
mid-60s

• Long term data record

• System of 6 aquifers

• Downward trend in 
grades

• Increasing pressure 
from exploration

• Resource Estimate

• Reserve Estimate

Silver Peak



Current 

Situation at 

Silver Peak
Claims and holdings current to 

January 2017
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FIGURE 6.2 Generalized map of inter-valley groundwater flow, as interpreted from water level 

data (from Rush, 1968).
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CM Result 1: 3D Stratigraphic Model

Vertical Exaggeration: 3x



CM Result 2: 3D Lithium Distribution

0

100

200

300

400

Brine 

Sample

Interpolated 

Distribution

Lithium Concentration (ppm)

Vertical Exaggeration: 2x

Exploration borehole data are not included in the distribution.



Input Factors
Scored and mapped to the same 

3D Block Model:

Combined

through

GIS

analysis, 

into a 

single 

“Well 

Suitability

Score”

Output:
3D Map of Well Suitability

Applied to locate 

new wells and

de-commission

old ones 

Hydraulic Conductivity

Lithium Grade

Kriging Confidence

Drawdown

Claim Boundaries

Aquifers

Optimal Well Selection (OWS) Method
- Developed by Mark King and Matrix
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Major Li Brine Deposits

 Approximately 83% of the world’s lithium brine reserves are 

contained on the Puna Plateau of Argentina, Chile and Bolivia

Nevada, USA

2% World Brine

Resources

Puna Plateau

83% World Brine

Resources
Tibet - China

14% World Brine

Resources

World Lithium Resources:

• 9 milllion tonnes in hard rock deposits

• 26 million tonnes in brine deposits
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You Never Know…..
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• 1997

• 2001

• Mid 2000’s

• 2008

• Now

• Future



THANK YOU

Li
th

iu
m

B
ri

n
e

 –
H

e
a

rt
 o

f 
th

e
 E

n
e

rg
y 

St
o

ra
ge

 R
e

vo
lu

ti
o

n

Nightly football game at Salar 3Q

My team (MK = 1 goal+3 assists for 

the week!)

Y despues…

Parilla!

Other team (very good!)



Exploration Drilling Methods 

59

Four drilling methods commonly available

Method 1.

• Diamond Drilling:
• Produces continuous column of drill core

• Various core sizes and rig capacities (>3000 feet)

• Core and brine samples collected

• Important for geological modelling

• Currently in use at SP

• Relatively high cost

• Brine Sampling methods:
• Packer system

– isolates specific horizons identified in core

• Contamination possible from drilling fluids

• Selected horizon purged clean before sampling
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Exploration Drilling Methods 

60

Method 2:

• Sonic Drilling:
• Produces continuous column of drill core

• Sonic vibration penetration, no drill fluids

• Limited core sizes; max depth capacity ~600 feet

• Core and brine samples collected – high quality

• Important for geological modelling

• Fast drilling; higher $cost/foot

• Brine sampling methods:
• Bailer and Packer systems

– From specific horizons identified in core

• No drilling fluid contamination
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Exploration Drilling Methods 
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Method 3:

• Reverse Circulation (RC):
• Produces slurry/chips

• Percussion method, air driven

• Flexible range of bit sizes and depth capacities

• Chip samples less definitive

• Packer system samples collected; 

• Mainly for down-hole and horizon-testing surveys

• Lower $cost/foot

Method 4:
• Air Lift (AR):

• Air percussion method

• Large diameter open holes possible

• Cased and used for pump testing 

• Relatively cheap

• Generally not sampled
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“Typical” Timing

• 3-4 consecutive field campaigns; interpretive 
work and planning in between

• 4-6 months per campaign; 3-5 years for Reserve 
Estimate 

• Ongoing evidence of potential lithium resources

• Scale increases as the Phases advance:
– Surface sampling  geophysics  drilling  depth 

sampling  pumping tests
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3D Hydrostratigraphic Model
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Wellfield Simulation Results
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FIGURE 3.7 Global Multi-Resolution Topography image of Clayton Valley and Southern Big Smokey 

Valley area, showing timing and certainty of faulting activity. Faulting older than 10 

Ma is related to Basin and Range style extension (from Burris, 2013).
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