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Introduction

This supplemental material provides additional information regarding the progression

of eruptive activity at Sabancaya, InSAR modeling, additional interferograms, and seismic-

ity in the central volcanic zone. We provide 10 figures and 2 tables.
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Figure S1

Figure S1. Earthquakes within 50 km of Sabancaya and less than 30 km depth from 1990 through 2019,

from the NEIC Earthquake Database. Note that there are no earthquakes matching these constraints from

1950 to 1990 in the NEIC catalog. Magnitudes are a mix of types, all plotted together here for simplicity.
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Figure S2
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Figure S2. Temperature and area of ASTER thermal anomalies for Sabancaya and Hualca Hualca from

2003 to 2018. Temperature is the temperature above background of the hottest pixel, and area is the total

sum of the anomalous pixel areas. The data for Sabancaya was previous published in Reath et al. [2019a] and

Reath et al. [2019b].
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Figure S3

Figure S3. ASTER image from of thermal anomalies at Hualca Hualca acquired on May 17, 2018 at

03:25:22 UTC. Three thermal anomalies are marked by black ellipses, with pixels above background outlined

in white. Regions with high temperatures that are not indicated as anomalies associated with topography or

surface composition, see Reath et al. [2019b] for more detail on anomaly detection.

Figure S4

Figure S4. Observations of Sabancaya plume height and emission type from 2014 to 2018 derived from

INGEMMET webcam monitoring. Plume heights are calculated based on known reference locations in the

webcam images, and emission types are classified by the color of the plume. Data originally published in

Machacca Puma et al. [2018].
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Figure S5
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Figure S5. Prolate ellipsoidal source [Yang et al., 1988, with corrections from Newman et al. [2006]]

modeling results for inflation source, using rate maps from ascending and descending tracks for S-1 spanning

2014-2019. Top row is original data (full resolution), second row is forward modeled data, third row is the

residual between the data and modeled data. The final row shows NS (orange) and EW profiles (blue) of data

(dots) and forward modeled data (lines). Profiles are plotted as black lines in the first three rows. The defor-

mation signals from the 2017 earthquakes (black rectangles in e and f) were not removed prior to inversion, as

tests showed that removing them had no significant effect on the results for modeling the spherical source.
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Figure S6

Figure S6. Google Earth overlay of ERS interferogram spanning 18 October 1996 to 27 September 2002

(Orbits 38885-07823), showing the 1998 Cabanaconde Earthquake (see also Fig. S7 of Jay et al. [2015]).

Faults with triggered slip are marked with black lines.
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Figure S7

Figure S7. Google Earth overlay of TSX interferogram spanning 12 May 2012 to 17 July 2013 (Orbits

17047-16045), showing the 17 July 2013 MW 5.9 earthquake. The MW 5.9 fault and the other faults with

triggered slip are marked with black lines.
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Figure S8
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Figure S8. Modeling results for Creeping Fault 1 (Mojopampa Fault), using a surface deformation rate map

calculated from the TSX time series (ascending) spanning November 2013 to December 2016. a) Full resolu-

tion data used for inversion. b) Predicted deformation from best-fit model geometry and slip. Modeled fault

indicated with black box. c) Residual between data and predicted deformation. d) Profiles of range change

for north-south profiles across the fault. Gray dots are original data (gray line in a), blue line is predicted data

(blue line in b), and red line is the residual red line in c). Modeled fault plane indicated with black box in a)

and b).
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Figure S9. Coulomb static stress change for the 10 Jan. 2017 fault plane (a), 30 Apr. 2017 fault plane (b),

and Creeping Fault 1 (c). Black triangles mark locations of volcanoes, and red circle marks the location of the

modeled spherical inflation source.
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Figure S10
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Figure S10. Map of log of cumulative seismic moment released from crustal earthquakes (depth < 30 km)

1800 to 2019. Earthquakes are taken from the NEIC Earthquake catalog, excluding earthquakes of MW < 4.5

to minimize bias from uneven seismic station coverage in older epochs. Location of Sabancaya marked with

large blue triangle, Holocene volcanoes with smaller black triangles [Global Volcanism Program, 2013]. Slab

contours from Hayes et al. [2012].
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Table S1

Satellite Tracks Num. Images Dates Covered

ERS-1/21 454 (Desc.) 17 2 June 1992 to 5 April 2002

Envisat2 454 (Desc.) 13 6 December 2002 to 19 March 2010

COSMO-SkyMed N/A3(Asc.) 96 9 March 2013 to 30 July 2014

TerraSAR-X4 43 (Asc., stripmap mode) 30 12 May 2013 to 22 December 2016

Sentinel 1 A/B 25 (Desc.), 47 (Asc.) 70, 77 19 October 2014 to 4 February 2019

1 Data originally published in Pritchard and Simons [2004]
2 Data originally published in Jay [2014] and Jay et al. [2015]
3 CSK does not provide track/frame information.
4 Data originally published in Reath et al. [2019a]

Table S1. Information on SAR satellite data used in this study

Table S2

Interferogram Dates

Earthquake Ascending (T47) Descending (T25)

January 10, 2017 16 Dec. 2016 to 19 Jan. 2017 6 Jan. 2017 to 30 Jan. 2017

April 30, 2017 8 Mar. 2017 to 19 May 2017 N/A
Table S2. Dates of interferograms used in 2017 earthquake modeling.
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