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Prospeccion geofisica de salares

Geophysical prospecting

1. Seismic 2. Electric/electromagnetics 3. Gravity 4. Magnetics
PP: elastic parameters PP: electrical conductivity (o) PP: density (d) PP: magnetic
A, 1, ¥, Young modulus, magnetic permeability (p) susceptibility (k)
Poisson ratio and others) dielectric permittivity (g)
Wave motion Electromagnetics Direct current Newton law
g=G 57 (7) M = k.H (8)
d _9%A _ Ampere law
Gramaee ~ VA1) GE—VxH=] (2) || Ohmlaw J=oE (4)
Gradients E = —VV (5)
do?e _ Faraday law : _aQ
YT i V<e (1b) Divergences V.] = Y (6)

VXE+u3t =0 (3)
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Prospeccion geofisica de salares

Geophysical prospecting

1. Seismic 2. Electric/electromagnetics 3. Gravity 4. Magnetics
PP: elastic parameters PP: electrical conductivity (o) PP: density (d) PP: magnetic
A, 1, ¥, Young modulus, magnetic permeability (p) susceptibility (k)
Poisson ratio and others) dielectric permittivity ()
Wave motion Electromagnetics Direct current Newton law

TDEM, CSAMT,

AMT + MT,

CSEM
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r = resistividad eléctrica (ohm-m)
T = periodo en segundos

Skin depth

5 =Ly = 5032y
720 S
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Prospeccion geofisica de salares

Salar de -
entenario
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Prospeccion geofisica de salares

GEOPHYSICAL RESPONSE IN LITHIUM EXPLORATION - SALT FLATS
Sensitivity to|Sensitivity to| Depth of Field y 5 @ . s .
Methods structure fluid Investigation*| operation Rlmensienallty Main appllcatlon
Refraction seismic ++ = Shallow + 2D, 3D Lithology - Risk with high velocities halites
Seismic Methods
Reflection Seimic el - Deep - 2030 Basement and structure
DC - SEV ~ + Shallow + 1D Detect contact fresh water - brine, detect first conductive layer mapping
Detect freshwater-brine contacts in environments that present lateral
- . BE-TE T+ i sihallow + Dt variation (fans and stratification)
Electromagnetic EM (TEM) = ++ Shallow +4 1D Detect contact freshwater/brine - First conductive layer mapping
(EM) methods
EM (CSAMT) ~ + Shallow + 2D Ultrashallow mapping - first conductive layer mapping
EM (full tensor shallow to o T ;
AMT+ MT) ++ ++ Lo + 2D,3D Structure and fluid; lateral variation; attributes
Gravity +- - shzllow 0 +-+ 2D,3D Structure and Basement

Datantial RlathhAadd~ eep

Magnetics ++ - Shzl([;;\g 0 ++ 2D,3D " Magnetic' Basement (metamorphic, igneous)
Curcio, PDAC, Toronto, 2025
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Prospeccion geofisica de salares

Tecnologias ‘descartadas’

Sismica de Refraccion

Time domain electromagnetics (TDEM)
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Controlled Source AudioMagnetotellurics (CSAMT)

Apparent Resistivity

{a) TEM(A} modeled

{c) TEM (8) modeled

W | Njonmm | decthim | this (m L 3 fick )
1 [ B 1 \ 2
7T o= i A \ 2
3 1 11 E N\ =
AN T r ) \
5] om 1 g 10 R
100 3 K »
] - 0 z \\
\ 5 z
10 g g . Ly g
£
S 100 5 2! o E;
1 El : El
150
o 200 a ; 100
01 1 10 0000t 01 1 10 01 1 10 100 0o 01 1 10 100
time {msec) Resistivity {ohm-m) time {msec) Resistivity (ohmem)
{b) TEM (A) measured {d) TEM (8) measured
1000 = - 01 < 01
10 4 1 ! 10 . 4 J
z 3 N\ ] o £ 3 h [=]
% \ g 8 1 N 2
g10 3 4 1 12 810 5 N 10 =
113 . 13 « 3 o) —_— El
- i § € ] N "
3 i % \ ol
g1 RELE 1 14 N ~ 103
4 i s 1 ]
< 1 < ;|
01 | 01 ] i
001 ] 1 10 100 001 ot 1 001 01 1 10 Woy 1 10 10
time (msec) Resisdvity (ohrmem) time {mseq) Resistity (chrrerm)

AMT modelling Blaewios
@ ) -
d 25 (Ohmm) Dapth (m) Thick.(m)
2y 1. 0.8000 0.0 1.000
2. 0.2500 1.000 10.00 £
3.1.00 11.00 0. 00 ko
& TE
4.0.5000 41.00 0.00 @E
5.0.03 111.00 g%
£e
- o
) w
E =
= Kl
= £
= @
g
5
z 5
: 8
N
=
100
=
51
R B
E ks SE
B 251
3 . g o
10°1 T T T T T 20 2
108 104 103 102 10! 10 10" 10° 10 Depth (m)
Resist(Ohmm)
Frequency (Hz)
10 LITIO SUDAMERICA 2025 — SESIONES TECNICAS: tecnologias, conocimiento e innovacién aplicada al litio

Sondeo eléctrico vertical (SEV)
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Prospeccion geofisica de salmueras
Tecnologias ‘eficientes’ — Tomografia eléctrica
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(a) ERT acquisition
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Prospeccion geofisica de salmueras
Tecnologias ‘eficientes’ — Tomografia eléctrica

Alta

Resistividad electrica (ohm m)

Bajzc

XIV Seminario Internacional

13 LITIO SUDAMERICA 2025 — SESIONES TECNICAS: tecnologias, conocimiento e innovacién aplicada al litio P rOSpeCCién por TE ) CO rtes I’a d e P rOi ngeo SA L l T l o

En Sudamérica




14

Prospeccion geofisica de salmueras
Tecnologias ‘eficientes’ — Tomografia eléctrica
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Prospeccion geofisica de salmueras

Tecnologias ‘eficientes’ — Magnetotelurica full tensor (AMT + MT)
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Prospeccion geofisica de salmueras
Tecnologias ‘eficientes’ — Magnetotelurica full tensor (AMT + MT)
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Curcio et al., An effective multiphysics toolkit for Lithium prospecting: From geophysics to the static reservoir model | | p<onohmm
in Pozuelos salt flat, Argentina, Interpretation, 2022. ‘ vl RIVSEmInERo InferAscions!
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Prospeccion geofisica de salmueras
Tecnologias ‘eficientes’ — Magnetotelurica full tensor (AMT + MT)
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Application of Electromagnetic Methods for Reservoir Monitoring with Emphasis on Carbon Capture, Utilization, and Storage, 2023, C. Barajas-Olalde, César, A. Donald, A.
Curcio, S. Davydycheva, R. Klapperich, Y. Martinez, A. Paembonan, W. Peck, K. Strack, P. Soupios, Minerals, 13. 10.3390/min13101308. M DTS
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Prospeccion geofisica de salmueras
Tecnologias ‘eficientes’ — Magnetotelurica full tensor (AMT + MT)
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Prospeccion geofisica de salares
Tecnologias ‘eficientes’ — Magnetotelurica full tensor (AMT + MT)

Argentina Saudi Arabia
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Application of Electromagnetic Methods for Reservoir Monitoring with Emphasis on Carbon Capture, Utilization, and Storage, 2023, C. Barajas-Olalde, César, A. Donald, A.
Curcio, S. Davydycheva, R. Klapperich, Y. Martinez, A. Paembonan, W. Peck, K. Strack, P. Soupios, Minerals, 13. 10.3390/min13101308. M DTS
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Prospeccion geofisica de salares

Tecnologias ‘eficientes’ — TE + Magnetotelurica full tensor (AMT + MT)

Magnetotelurica full tensor (AMT + MT) TE

W1 T
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Prospeccion geofisica de salares
Tecnologias ‘eficientes’ — Gravimetria
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Curcio et al., An effective multiphysics toolkit for Lithium prospecting: From geophysics to the static reservoir model
in Pozuelos salt flat, Argentina, Interpretation, 2022.
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Prospeccion geofisica de salares
Tecnologias ‘eficientes’

— Gravimetria

Pozuelos
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» Interpretacion cuantitativa y cualitativa
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Output is transformed through density — velocity

d=031 (V)"

(Gardner, 1974)
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Modelo estatico de reservorios
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Filled salt flat: 1.2 gr/cm3, conductive
Deepest well: 470 m

Neutron - density logs

Deepest basement: 900 m

Pozuelos
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Direcciones futuras - discusiones

» Calibraciones con informacién de pozo
» Basamento

> Integraciones multifisica
» Espesores netos J

- e » Sismica Pasiva — sismica de reflexion somera
» Cunas — detalle estratigrafico

> Exploracién de agua profunda —

» Conectividad entre salares

> Densificacion de relevamientos

> Modelos 3D

» Complejidad estructural > Time lapse (EM)

» Variacion temporal de los modelos > Determinacién de anisotropia

» Direcciones de flujo de fluido
Direcciones preferenciales de fracturamiento

TTI 5, 0 0

M= R0 o, O|R
0 0 o
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Estado del arte, nuevos paradigmas y di

~ Gracias!

Salar de Rio Grande, Argentina

27 LITIO SUDAMERICA 2025 — SESIONES TECNICAS: tecnologias, con

ocimiento e innov:

XIV Seminario Internacional
En Sudamérica



