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Motivation:

- What is the cause of the strong ground deformation (9 cm/yr) at these
volcanoes without an eruption in 15,000 yrs?

- What patterns do we see between ground deformation and seismicity in the two
activity nests?

- By combining INSAR and GPS time series, can we derive improved propagation
models?

- What other volcanoes are analogs for this case? Campi Flegrei?

- Producing at times 5000 fracture EQ s/day, (600,000 EQs since 2014). Will this
volcanic system erupt?
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Earlier Work_2016 (Ebmeier et al, 2016)
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39549 earthquakes between 2013/09/01 — 2023/09/06 with magnitudes between 0.1 - 6.2
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Located EQ’s- Two nests:
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2022 EQ Swarm _May to December

The activity began on May 27, at the southern
flank of Chiles volcano.

Later, on 12 June, 2022, an increase of seismic
activity was detected under the Potrerillos
area, simultaneously with the seismicity
registered at Chiles Volcano.

In this period an earthquake occurred south
of Potrerillos, of 5.6 Mw (Yellow Star).
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Mw 5.6 San Gabriel, Ecuador (2022.07.25) " FRINGE 2023
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CHILES - POTRERILLOS | VERTICAL | GPS Displacements
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Beginning in May 2022_vertical displacements at CHLW-GPS were approx. 90 mm/yr (3y 4
times greater than the rate in 2014 to 2021).
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Sentinel-1 InSAR velocity map created by decomposing ascending and descending orbits. Ascending orbits
from April 2022—February 2023, and Descending orbits from January 2022 to March 2023. Shown here is
the vertical component’s average velocity.
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Prelinimary Modeling

Best fit is obtained with two sources :

0"480"'N+
1) Chiles — Potrerillos (Volcanic Source) - Dike

Length: 19248.2 m
Width: 801.5m
s High * 60 | Depth: 3449.4 m (bajo nivel del mar)
o8 R\ B o —> 8.15 Km Chiles summit
__ S /it ‘ Dip: 35.63 deg
Opening: 0.2471m

| PotDxe_nonlinear
0"45'0"N- jCha!FauR_nonlneaf
Velocidad Vertical
Valor [mm/ano]

0"420'N~

T8'e0W T8 I0W 7800w TI*5TOW T7's40rwW TTs1Tow T7agorw T 450w

- i 3
T T T Volumen change: 3.81 millones de m
0 25 § 10

2) Chalpatan (Tectonic EQ_25-julio-2022)

Length: 14077.6 m

Width: 4652.8 m
Depth: -3097.4 m below sea level
Dip: 60.87 deg; Strike: 261.58 deg; Rake: 180.00 deg; Slip: 0.1841 m]
Geodetic Moment: 3.62E+17 N*m
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CHILES - CERRO MEGRO | Componente MNORTE | Desplazamiento cGP5
T T T T L

Desplazamianta [m ]
s o o

are relative to the Chiles summit (172963 N 90423 E, UTM 18N, 4650 m. a.s.l.)

. ) ) Volume
Data set Location Depth Dip angle Opening
change
Top Bottom
X2v. N p Xi Yi Xf Yt Zt Zb dip U dv
km km km km km  km dd m km’
GNSS 115 15 8 -08+11 -15+£2417.0+54 -124+3415£1320+08 81£20 511 0.024+0.008

InSAR 0.3 3692 8 7.1 -3.8 6.2 -7.6 5.8 7.3 13 0.23 0.006




Putting it all together- graphic summary:
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Conclusions:
Incipient deformation is precursor and synchronous to seismic swarm reactivation. Deformation continues at CHLS GPS
station after swarm activity ceases.

Seismic nest activity occupies areas at/next to old dormant volcanoes.

VT events are concentrated at 4-8 km below Chiles summit (4600 m) in the metamorphic basement, where magma may be
concentrating at contacts. Magma bodies are pushing upward and creating notable deformation, detected by InSAR and GPS
resulting in ~30 cm uplift in 9 yrs, with only two short episodes of deflation.

Lateral expansion of the seismic nests and deformation fields may be due to redistribution of stresses on regional SW-NE
trending faults

In the future if magma ascends closer to the surface, breaking seals and disrupting the hyrothermal system, then
deformation may accentuate, spawning hotsprings and geysers in new areas. So far no significant changes have been
observed in frequently sampled warm springs at the base of Chiles or Potrerillos-Voladero Caldera.

The two 5.6 Mw EQs in 2014 y 2022, both on the perimeter of seismic nests and deformation halos, are likely the result of the
disruption by magmatic pressures of the stress fields of local faults, leading to rupture of these faults.

Preliminary modeling of GPS and InSAR data suggests that a dike is being emplaced NW-SE, a hypothesis coherent with the
vectors of the main GPS stations near the Chiles nest and the expansion of InSAR halos.

Pyroclastic deposits of past eruptions were H20-rich, of high silica content (~70 wt% SiO2), were explosive, and occurred 15-
20 kvBP.
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Graphic Conclusions:
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