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Overview

1. Tectonic Background of the Hikurangi
Margin

2. Controversy of Subducting Topography
3. Seamounts in N. Hikurangi Margin
4. Resistivity in the C. and S. Hikurangi Margin

5. Concluding Remarks
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AIong-Strike Variations

Bassett et al., 2014

* Interseismic coupling
decreases to the north
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AIong-Strike Variations

e Slow slip events are
shallower & more
frequent to the north
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AIong-Strike Variations

e Slow slip events are
shallower & more
frequent to the north

e Related to amount of
fluid available?
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Along-Strike Variations
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-Strike Variations

o Seafloor roughness

Increases to the north
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Subducting Topographz and Fault Slip
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Subducting Topographx and Fault Slip

e Camp A:
Subducting seamounts
promote large EQs

L - Overriding Block —
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Subducting Topographx and Fault Slip

e Camp A: « Camp B:
Subducting seamounts Subducting seamounts
promote large EQs promote small EQs and

aselsmic creep
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" — Overriding Block —
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Subducting Topographz and Fault Slip
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Subducting Topographx and Fault Slip

e Camp A: Seamount—>
area of locking (Costa Rica)
TR N oWy T
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Subducting Topographx and Fault Slip

* Camp A: Seamount—> * Camp B: Seamount—>
area of locking (Costa Rica) selsmlc gap (Sumatra)
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Subducting Topograp d Fault Slip

* Camp A: Seamount—> * Camp B: Seamount—>
area of locking (Costa Rica)

seismic gap (Sumatra)
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maging Subducting Topography

Australian
Plate

o Surficial strike-slip faults from incipient
seamount subduction

New Zealand
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Imaging Subducting Topography

* High res images, but seamount still
shallow
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EM Geophxsms as an Imaging Tool
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EM Geophxsms as an Imaging Tool

water
freshwater @20°C

marine sediments
@20°C

oceanic crust
@20°C

dry upper mantle

hydrated upper mantle
@1200°C

pure mafic melt
wet melt @1200°C

partial melt
@1200°C

Conductivity (S/m)
0.1 0.01 0.001
|

freshwater (psu)
0.5 0.1
;ﬁrosity (vol%)
60%(40%  20%

porosity (vol%)

0.0001

temperature (°C

I |
1%00"’ 1250

water content (wt ppm)
| §

1400°13007  1200° °00 200 50 10
wi% H,0)
4% 1%| 0.2% 509 10% | 2% 05%
l porosny (vol%) dry* 2 W% H 0¥
5?% 10%| 2% q 5%
1 10 100 1,000
Resistivity (€Qm)

1100°

10,000

Naif et al., 2021

MTNet EMinar Series

T+ RESIST




EM Geophxsms as an Imaging Tool

water
freshwater @20°C

marine sediments
@20°C

oceanic crust
@20°C

dry upper mantle

hydrated upper mantle
@1200°C

pure mafic melt
wet melt @1200°C

partial melt
@1200°C

Conductivity (S/m)
0.1 0.01 0.001
|

freshwater (psu)
0.5 0.1
;ﬁrosity (vol%)
60%(40%  20%

porosity (vol%)

0.0001

temperature (°C

I |
1%00"’ 1250

water content (wt ppm)
| §

1400°13007  1200° °00 200 50 10
(Wt% H,0)
4% 1%| 0.2% 509 10% | 2% 05%
l porosny (vol%) dry* 2 W% H 0¥
5?% 10%| 2% q 5%
1 10 100 1,000
Resistivity (€Qm)

1100°

10,000

Naif et al., 2021

MTNet EMinar Series

T+ RESIST




EM Geophxsms as an Imaging Tool
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EM Geophxsms as an Imaging Tool
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The Marine Electromagnetic Method

Natural Magnetotelluric (MT)
source field induces secondary
fields in the ground
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The Marine Electromagnetic Method

Natural Magnetotelluric (MT)

source field induces secondary
fields in the ground

Controlled-source EM
(CSEM) transmitter

towed near seafloor ¥ N —
receivers " =spa
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The Marine Electromagnetic Method

Natural Magnetotelluric (MT)

source field induces secondary
fields in the ground
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The Marine Electromagnetic Method
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The Marine Electromagnetic Method

Natural Magnetotelluric (MT)

source field induces secondary
fields in the ground
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First CSEM survey across a subduction zone

Hydrated Outer-Rise Bending Faults at the Middle America Trench, Nicaragua
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First CSEM survey across a subduction zone

Hydrated Outer-Rise Bending Faults at the Middle America Trench, Nicaragua
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First CSEM survey across a subduction zone

Hydrated Outer-Rise Bending Faults at the Middle America Trench, Nicaragua
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Hikurangi Trench Regional Electromagnetic Survey to

Image the Subduction Thrust

Chesley et al., in prep

e Dec 2018 - Feb 2019

e 132 OBEMSs for CSEM + MT

N

e 42 OBEMSs for 3D MT grid
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Hikurangi Trench Regional Electromagnetic Survey to

Image the Subduction T hrust
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Hikurangi Trench Regional Electromagnetic Survey to

178
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Chesley et al,, in prep
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Hikurangi Trench Regional Electromagnetic Survey to
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Observations in N. Hikurangi

. ®m EM recelvers

. IODP drill sites

Bathymetry (m)

@ . . 9§ & 7 '/  } o ) | o
. j} Slip from the Sept-Oct 2014 (opio \UTS1evgH X 3 O ilRUIrRInG]

SSE (Wallace et al., 2016)

. /7 subd ucting seamount from . v/ 7Y
magnetic data (sarker et al., 2018) SV E OF B el o

o m fluid SEEPS (Watson et al., 2020)

* , repeating EQs associated with RS VA= == :
2014 SSE (shaddox & Schwartz, 2019) N By \"’"’/yr

. * 1947 tsunami EQ Beli et al., 2014)

bathymetry courtesy of NIWA

Chesley et al., 2021
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Observations in N. Hikurangi
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CSEM Data Qualitx
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CSEM Data Qualitx

T. Knoll

Amplitude (V/Am2)
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Chesley et al., 2021

e Clean, low-noise data
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CSEM Data Qualitx

T. Knoll

Amplitude (V/Am2)
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Chesley et al., 2021

e Clean, low-noise data

e Obvious structural
differences
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Electrical Characterization of a Seamount
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Electrical Characterization of a Seamount
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Hikurangi Trough Resistivity

Antriasian et al., 2018
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Archie’s Law

Bulk resistivity (p)
- constrained by EM data
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Archie’s Law

fluid resistivity (pw)
- pw= f(T*, P, salinity*)

- depth variation due to

thermal gradient
(Constable et al., 2009)

- geotherm from IODP
U1518 and U1520

Bulk resistivity (p)
- constrained by EM data
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Archie’s Law

pore interconnectivity

m=2.4
(Schwalenberg et al., 2017)
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- depth variation due to

thermal gradient
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Seamounts = Water Vessels
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Resistivity of the Central Hikurangi Margin
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Resistivity of the Central Hikurangi Margin
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Resistivity of the Central Hikurangi Margin

 Compared to the
nortn...
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Resistivity of the Central Hikurangi Margin

e Compared to the * Simpler incoming plate and forearc structure
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Resistivity of the Central Hikurangi Margin

 Compared to the * Simpler incoming plate and forearc structure
north. .. * No evidence of large seamounts
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Resistivity of the Southern Hikurangi Mar
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Resistivity of the Southern Hikurangi Margin

 Compared to northern
and central...

e Much thicker
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Resistivity of the Southern Hikurangi Margin

 Compared to northern
and central...

e Much thicker
sediments on
Incoming plate
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Resistivity of the Southern Hikurangi Margin

 Compared to northern
and central...

e Much thicker
sediments on
Incoming plate
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Resistivity of the Southern Hikurangi Margin

 Compared to northern
and central...

e Much thicker
sediments on
Incoming plate
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. . . . . 57
Comparisons with seismically interpreted boundaries

Bland et al., 2015 & Mochizuki et al., 2019
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Comparisons with seismically interpreted boundaries

Bland et al., 2015 & Mochizuki et al., 2019
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Comparisons with seismically interpreted boundaries

Bland et al., 2015 & Mochizuki et al., 2019
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Comparisons with seismically interpreted boundaries

Bland et al., 2015 & Mochizuki et al., 2019
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Comparisons with seismically interpreted boundaries

Bland et al., 2015 & Mochizuki et al., 2019
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Resistivity-Derived Porosity
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Resistivity-Derived Porosity
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* First-order trend: Porosity decreases with depth
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Resistivity-Derived Porosity

Remove dominant 1-D trend
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* First-order trend: Porosity decreases with depth
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Porosity Anomaly
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Porosity Anomaly

More porous
than vert.
compaction
would predict
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Porosity Anomaly

More porous
than vert.
compaction
would predict
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Porosity Anomaly

More porous
than vert.
compaction
would predict
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* Negative porosity anomaly deepens as seds approach trench
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Porosity Anomaly

More porous
than vert.
compaction
would predict
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* Negative porosity anomaly deepens as seds approach trench

o Early stages of protothrust zone
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Conclusions
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e Seamounts carry an underappreciated
volume of H20 to SZs

* Heterogeneity of resistivity along Hikurangl
Margin likely related to seamount
exposure
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