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Abstract

At regional scales, electrical resistivity illuminates Earth processes involving fluid evolution and transport, temperature con-
trasts, and fault characteristics and behavior. It also clarifies continental terrane assembly and event sequencing through
electronic mineral markers. Magnetotellurics (MT) is sensitive over such scales, but faces high property contrasts, small signals,
3-D complexity, discontinuous fields, and ill-posed inversion. So-called wideband (70.003 — 500 s wave period) MT recording
constrains crustal structure, and high fidelity through its central dead band is routinely achieved now via distant remote refer-
encing, continuous streaming, and outlier removal. To resolve across the upper mantle, long period data must be of high quality
through 10,000 s. Electronics modifications now permit good quality MT data over polar ice-covered regions, and non plane
wave outliers appear largely avoidable. Regularized 3D non-linear inversion using simulation equations that recognize a spatially
discontinuous electric field has become common practice and lends essential credibility to interpretations. However, resistivity
model non-uniqueness is seldom tested enough, and assuming isotropic resistivity can lead to artifacts. Fluids interpreted to
cause low resistivity in ductile deep crust should be at lithostatic pressures and have compositions compatible with ambient
temperature and metamorphic grade. Vertical current channeling enhances resolution of large-scale fault zones connecting deep
and shallow structures. Stabilized terranes can exhibit strong, quasi-linear conductors marking belts of graphite or sulfides
deposited in sediment-starved foredeeps or rift margin basins, with a particular concentration in the Proterozoic corresponding
to atmospheric oxygenation events. An exciting recent avenue is estimating H20 content of nominally anhydrous minerals
(NAMs) in the upper mantle, which strongly affects electrical conductivity but not seismic velocity. The large bandwidth of
MT data affords a broad-scale, unified view of Earth processes from mantle level sources through crustal storage and evolution
to near-surface deposition. Support has been from U.S. Dept of Energy contract DE-0006732 and National Science Foundation
grant OPP-1443532, and numerous prior.
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Source Fields for the Magnetotelluric Method
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Wight et al (1977, UTA)
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Swift (1967, MIT)

-Assumed tensor relation from start
-Elliptical traces in complex plane
-Spectral analysis from time segments
-Specified TE, TM modes
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Electromagnetic Simulation and Inversion With Conformal Receiver Surfaces (Topography)
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Torres-Verdin and Bostick (1992, UTA)
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Crustal-Scale Breaks and Multiscale Magmatic/Hydrothermal Connections
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Crustal-Scale Breaks and Multiscale Magmatic/Hydrothermal Connections
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\ Exhumed Crustal Sections
(Fountain and Salisbury, 1981)
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x Exhumed Crustal Sections
(Fountain and Salisbury, 1981)
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Des Marais et al (1992) ~1875 Ma: Accretion of Pembine-Wausau Terrane

Menominee Group Intra-arc rift and massive
and equivalents  Niagara  sulfide deposits

Sediment \ fafult / Marginal arc
s TS —

Marshfield
Terrane

~1840 Ma: Development of fold -thrust belt and foreland basin

=
=]
13
-
o
(=}
-
hat
=

Foldand Pembine-Wausau Terrane

Marshfield
Thrust Belt | EauPleine Torrane

Baraga Group Niagara |
and equivalents iiult |

Superior
craton

20 15 : Mod from Schulz and Cannon (2007)

Age (Gyr)

resistivity (ohm.m)

B 96

0C-Sd global primary production

ATMOSPHERIC O,
PHOTOSYNTHESIS

— 0
CO2 + H2O S resemanon CHQO + 02

N\ / Fe2‘\’ \( s

EROSION,

THERMAL SEDIMENTATION

DESTRUGTION BIOLOGICAL REDOX RX,
SEDIMENTATION

BURIED| (SULFATE IN
FERRIC| [SEAWATER
[IRON & SEDIMENTS

PLUS SULFIDE FROM
SULFATE REDUCTION

REDUCED OXIDIZED)

Bedrosian (2016)

Mod from Southwick (2014)

0C-Sd sequestration




807 Bouguer Gravity
Des Marais et al (1992) ~1875 Ma: Accretion of Pembine-Wausau Terrane gj

_SW

Menomilnee Group Intra-arc‘ riftand massive Marshfield —FL—+GD+—PNK-S ; RIFT . T
and equivalents  Niagara sulfide deposits
Terrane SRF kv SCP CF Pz RL FR

Sediment fault Marginal arc
/

mgal

MDMLXgr

=
5 =
o
€ % 50
& )
=4 . Q
= ~1840 Ma: Development of fold -thrust belt and foreland basin
= B W o
Fold and Pembine-Wausau Terrane 104 670 45 3
Thrust Belt | ; Marshfield 100
EauPleine tarrane 0 50 100 150 200km

Baraga Group Niagara I Sheaizona
and equivalents fault
/ v

craton

20 15 : Mod from Schulz and Cannon (2007)

Age (Gyr)

B 96 92 88

0C-Sd global primary production 481

ATMOSPHERIC O,
PHOTOSYNTHESIS

R ——.
COy +HO = RESPIRATION CH0 + Oy

N\ // Fe2‘\’ \( s

Depth (km)
3

EROSION,
THERMAL SEDIMENTATION

DESTRUCTION BIOLOGICAL REDOX RX, / y
SEDIMENTATION
NW Mz N {
A \
BURIED| [SULFATE IN 100 T /! P o H \ o P

FERRIC| [SEAWATER
[IRON & SEDIMENTS

late Penckean

/ Yavapai . Keweenawan

PLUS SULFIDE FROM Ao Penokean <

SULFATE REDUCTION

REDUCED OXIDIZED)

Wunderman et al. (2018)

Mod from Southwick (2014)

0C-Sd sequestration




Sulphide Stringers
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Mount Erebus, Ross Island
(G. Hill, P. Wannamaker)
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Mt Erebus MT Field Campaign: NSF/USAP and RSNZ/AntNZ

Hill, Wannamaker, Maris, Stodt, Kordy, Wallin,
Unsworth, Bedrosian, Uhlmann (2014-7)
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Stabilized lterative Earth Resistivity Voxel Estim. (Tarantola, 1987)

Objective:
NL Step:

) X NL Step Recast to Data-Space Formulation (Parker, 1994)
W, (m) = {(d - Flm])"C3!(d - Fim])} + A{(m - m )TC;}(m - m )} Can Invert for Impedance Static Distortions (Avdeeva et al., 2015)
) R B a Direct Matrix Solutions Used Throughout (Metis, Pardiso, Plasma)
m = (1Tl N-1{1Te-1¢q. ; Ve
My - My = RCq Ty + ACH 1 {1 Cy (A - Flmy]) - ACG (my - m,) } Parallelized on Large RAM, Single-Box Workstations

3D MT Inversion of Using Deformable Edge Finite Element Algorithm
(Kordy, Wannamaker, et al., 2016, GJI)




ERB190308-alimdlis : Model 17 ibz=33 ; Depth to middle of background layer=3.334 km
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ERB190308-allmdls : Model 17 ibz=42 ; Depth to middle of background layer=13.874 km
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ERB190308-alimdls : Model 17 ibz=36 ; Depth to middle of background layer=5.4 km
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ERB190308-alimdls : Model 17 ibz=51 ; Depth to middle of background layer=55.769 km
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Mount Erebus MT Inversion
Resistivity Plan Sections:

- General clay alteration
blanket at shallow levels.

- Clear visibility of magmatic
conduit and upper chamber by
5 km depth.

- migration of magmatic
structure westward along
apparent controlling E-W trend.

- Movement of magmatic
plumbing southward from
lower middle crust and deeper.
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Conclusions and Outlook:

- Key elements of MT method in t/s processing and in recognizing
heterogeneity developed in 1970s & 80s

- 1990s saw methods for stable modeling of discontinuous E-field
- Current inversion algorithms capable of 1000+ sounding sets

- Proper understanding of petrological principles needed for
consistent interpretation and to advance beyond “It’s fluids”

- External constraints on temperature most useful

- Active Great Basin extensional regime seems to exhibit
“banana-split” model of'crustal rheology

- Potential to evaluate geothermal resources for baseload power
- Wide-scale Juan de Fuca-Gorda hydration of upper mantle

- Carbonized horizons may assist resolving terrane assembly

- Encourage progress in understanding physico-chemical controls
on earth material resistivity







