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Seismic array and hydrothermal tremor

=
3 — : ( , * Source mechanism: bubble collapse/nucleation
o~ 20 km s - X X X K
SRR T YN sy  Distinct spatiotemporal pattern between Cistern and Steamboat
~ ' ' o e = Concurrent multiple sources within the seismic array
~ One month R
Steamboat Geyser i
°Z ]
<
m
o~
N
3 S
E
[0
©
2
=
£
<<
<
<
o~ 1
N i
~ . 1
¥ i thquak
3 - — — - - = -0'3_ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T elar lqula el T T T
110.705°W 110.704°W 110.703°W 110.702°W 615 620 625 630 705 710 715 720
Date in 2019
Number of stations: 50 Spacing: 15-35 m Aperture: ~250 m June—July 2019  Seven eruption cycles

University of Utah

N




Seismic interferometry

Non-diffusive source environment

44.7244°N

A Vertical Cross-correlation helps us:
*  Amplify coherent signal

*  Filter out incoherent signal
A * North * Isolate the signal of interest

:E Vertical - -
: (virtual source) A East By preserving the relative amplitude,
we can study its
(receiver) . Particle motion

. Polarization
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CCFs Polarization
11 Hours before eruption 9 Hours after eruption
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Back projection

Surface back projection (2D) Depth back projection (3D)
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Tremor source distribution
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e |sosurface of the tremor distribution

Plumbi“g OUtIi“e * The plumbing extends to 140 m depth

* No clear connection between Steamboat and Cistern

View angles
Steamboat
0 s o Bpgad
A A | A —0
20 A A - N 0.
, "
40 -\ e - 20 120
A
Cistern = y, 40 140
100 80 50 E
100 s
120 80 &
140 120 3
160 140 100
180 190
N 180. 120
0 -100
-50 \E 140
-100
100 -g0 -60 -40 20 0 20 40
Distance to Steamboat (m) Distance to Steamboat (m)

of Utah

oo

Universi




Recharge evolution

* The tremor depth is found the deepest compared to other geyser systems worldwide.

* The upward migration follows the warming of the conduit until the next eruption.

* The distinct migration rate indicates the connection between is likely porous media.
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Distinct migration rates
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In situ data

* This plot serves as a ground
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Conclusions

* Seismic interferometry permits extraction of signal of interest, which enables the studies on weak seismic sources
and/or within noisy environments.

* We developed a method that combines multicomponent cross-correlation, polarization analysis, and 2D then 3D
progressive back projections to constrain spatiotemporal locations of the 1-5 Hz hydrothermal tremor.

* The 3D tremor source locations outlines Steamboat and Cistern’s plumbing structure down to 140-meter depth.

* Tracking the depth horizon of the tremor migration, we reveal the recharge evolution and interaction of Steamboat
and Cistern throughout the eruption cycles with hourly resolution.

*  Weinfer that Steamboat and Cistern are likely connected through a porous medium instead of open channels.
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Thank you for your attention!

This work has recently published at JGR (Wu et al., 2021).

Contact the author: sinmei.wu@utah.edu
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Key Points:

‘We develop an interferometric-based
polarization analysis to investigate
high-resolution spatiotemporal
pattern of hydrothermal tremor

‘We construct the first image of

the plumbing architecture for the
Steamboat-Cistern system to a depth
of 140 m

‘We illuminate the recharge
evolution of Steamboat Geyser and
Cistern Spring and the dynamic
subsurface interaction between the

two features
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Abstract Steamboat Geyser in Yellowstone National Park is the tallest active geyser on Earth and

is believed to have hydrologic connection to Cistern Spring, a hydrothermal pool ~100 m southwest

from the geyser vent. Despite broad scientific interest, rare episodic Steamboat eruptions have made

it difficult to study its eruption dynamics and underground plumbing architecture. In response to the
recent reactivation of Steamboat, which has produced more than 130 eruptions since March 2018, we
deployed a dense seismic nodal array surrounding the enigmatic geyser in the summer of 2019. The array



