: m I n a r https://www.mtnet.info/EMinars/EMinars.html

07 July 2021

08:00

Prof. Yasuo

Ogawa
Tokyo Institute

of Technology

Imaging fluids
in the crust:
seismological
and
volcanological
applications

Registration
link

July 7t 17:00 Japanese Local Time



https://www.linkedin.com/in/yasuo-ogawa-92a6752b/
https://zoom.us/webinar/register/WN_UDTDN5lqSmC3ak25-XCYjg




Outline

« Review on our magnetotelluric studies

* Seismology targets
* Intraplate earthquakes
« Plate interface at subduction zones

* \/olcanology targets
* Imaging Geothermal system
« Temporal resistivity changes



Seismology targets

 Intraplate earthquakes
« Active faults, shear zones, fluid reservoir, deformation
« NE-Japan
« North Anatolian Fault(NAF)
e N/
* \Volcano-Earthquake link

e Plate interface at subduction zones
e N/
« SW Japan
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Fault Valve model
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Figure 2. Synoptic diagram (not to scale) of inferred tectonic setting for
mesothermal gold-quartz vein system in relation to continental seismo-

genic regime.
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NE Japan Tectonic background
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Fig. 2. Neogene tectonic evolution of Northern Honshu modified after Sato
and Amano (1991). VF: volcanic front, TR: trench axis, KFS: Kitakami fault
system.
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NE Japan (1) Kitayuri-Senya
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NE Japan (1) Kitayuri-Senya
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i Compilation of NAF 2D profiles

Along strike variation
Segmentation

“Asperities” as “resistors”

Kaya et al. (2013, Geophys. J. Int)
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South Island, New Zealand
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- Westland - Marlborough (N. South Island)
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Volcano-Earthquake Link
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Fluid branching
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Co-, post-seismic slips and resistivity distribution
on the fault planes
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Seismology targets

 Intraplate earthquakes
e Active faults, shear zones, fluid reservoir, deformation
« NE-Japan
« North Anatolian Fault(NAF)
e N/
« \Volcano-Earthquake link

e Plate interface at subduction zones
e N/
« SW Japan
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Comparison between areal strain rate and resistivity at the plate interface
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Philippine Sea Subduction, SW Japan
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Philippine Sea Subduction, SW Japan
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Philippine Sea Subduction, SW Japan
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Volcanology targets
Imaging Magma pathways

Imaging Geothermal system

« Clay cap

« Silica Cap

« Super Critical Fluids below the BDT

Temporal resistivity changes
 Magnetotelluric monitoring
« Controlled source monitoring (EM-ACROSS)



Kusatsu-shirane Volcano, Japan
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2014 Volcanic Unrest
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Phreatic eruption architecture
C1: Clay cap (<200 degC): Capping Inflation Source X and

C2: Vertical fluid path

C3: Brine (>400 degC) : Super-Critical Fluid Capped by Silica

- Demag- ¥ Sources

Episodic magmatic gas flux through the brine (C3) broke the silica cap and induced
seismicity, migration of vapor and inflated the edifice under the clay cap (C1)
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Formation of Brine Lenses
Afanasyev et al. (2018, EPSL)
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With a conduit, brine lenses can be formed at 2-4km depth.

Brine can stay for 250 kyr.
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Fig. 8. Temporal evolution of (a) bulk salinity and (b) electrical resistivity follow-
ing abrupt cessation of degassing for the reference scenario in Fig. 5. Time (t,) is
given as kyr since cessation of degassing. Symbol v as in Fig. 6. Isotherms contours
are every 25°C. Electrical resistivity is calculated as described in Supplementary
material, for direct comparison to Fig. 1. Note equivalent colour scale in the range
1-10* Q-m in Fig. 1 and Fig. 8b.
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Porphyry model

Blundy et al (2015)

Stage 1:

Slow process to create brines for 10k-100k years.

Stage 2:
Gas from the mafic magma interact with the brine

a Lava dome

Silicic magma
“4 with crystals

@ Supercritical gas
O Low-salinity vapour

_—> Vapour flow
— Gas flow
x X x Potassic alteration

Host rocks

. Mafic magma
with crystals
@

Sulphur-rich gas
& Copper sulphide
e Brine
—7 Gas flow
Phyllic alteration

Figure 4 | Gas-brine reaction model for PCD formation. a, Stage 1. Slow accumulation, crystallization and degassing of dacite magma beneath small dome
volcano. Below 2-4 km depth exsolved gas is supercritical, condensing at shallower levels to brine, which becomes trapped and accumulates (driving
potassic alteration of host rocks), and low-salinity vapour, which escapes upwards. b, Stage 2. Periodic destabilization of a deeper magmatic system
releases mafic magmas and sulphurous gases that react with trapped brines, forming sulphide minerals at temperatures of <850 °C. Mingling between
mafic and silicic magmas may occur, but is not required. Hydrogen chloride produced by sulphide precipitation drives phyllic alteration in overlying rocks by
feldspar hydrolysis below ~600 °C. Unreacted sulphurous gases drive alteration in the shallow lithocap.
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Volcanology targets
Imaging Magma pathways

Imaging Geothermal system

« Clay cap

« Silica Cap

« Super Critical Fluids below the BDT

Temporal resistivity changes
 Magnetotelluric monitoring
« Controlled source monitoring (EM-ACROSS)



Temporal resistivity changes

« MT monitoring
. Aizawa et al. (2011, JVGR) Sakurajima volcano
« Peacock et al. (2013, Geophysics) , Thiel (2017, Surv Geophys) EGS
- Hill et al.(2020, GRL) Tongariro eruption, NZ

e Controlled source monitoring
« Tseng et al. (2020, PhD thesis) EM-ACROSS



Sakurajima Volcano, Japan:
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2012 eruption of Mount Tongariro, NZ (Hill et al., 2020, GFRL)
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Conductive brine was lost after the phreatic eruption
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Summary

« Review on our magnetotelluric studies

« Seismology targets
* Intraplate earthquakes
e Plate interface at subduction zones

* \/olcanology targets
 Imaging Geothermal system

 Temporal resistivity changes
... Challenging topic
MT
removal of galvanic distortion (which can also vary with time)
temporal alignment error (magnetic sensor)
quest for high quality data
Controlled source EM






