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(i.e., oceanic) plate subducts beneath the less dense (continental)
plate. This process results in the transportation of carbon and other
volatiles into Earth’s deep interior and is counterbalanced by volcanic
outgassing. Sampling deeply-sourced seeps and fumaroles
throughout a convergent margin allows us to assess the processes
that control the inventory of volatiles and their interaction with the
deep subsurface microbial communities. The Andean Convergent
Margin is volcanically active in four distinct zones: the Northern
Volcanic Zone, the Central Volcanic Zone, the Southern Volcanic Zone
and the Austral Volcanic Zone, which are each characterised by
significantly different subduction parameters like crustal thickness,
age of subduction and subduction angle. These differences can
change subduction dynamics along the convergent margin, possibly
influencing the recycling efficiency of carbon and volatiles and its
interaction with the subsurface microbial communities. We carried out
a scientific expedition, sampling along a ~800 km convergent margin
segment of the Andean Convergent Margin in the Central Volcanic
Zone of northern Chile, between 17 °S and 24 °S, sampling fluids,
gases and sediments, in an effort to understand interactions between
microbiology, deeply-sourced fluids, the crust, and tectonic
parameters. We collected samples from 38 different sites,
representing a wide diversity of seep types in different geologic
contexts. Here we report the field protocols and the descriptions of
the sites and samples collected.

Plain language summary

At convergent margins, where tectonic plates collide, oceanic plates
subduct beneath continental plates, carrying carbon and other
volatiles into Earth's deep interior. This process is balanced by volcanic
outgassing. By sampling deeply-sourced seeps and fumaroles along a
convergent margin, scientists can study how volatiles interact with
deep subsurface microbial communities. The Andean Convergent
Margin, with its distinct volcanic zones, provides an ideal natural
laboratory for studying these processes. A scientific expedition along
a segment of the Andean Convergent Margin in northern Chile's
Central Volcanic Zone aimed to understand these interactions.
Samples were collected from 38 sites, representing various seep types
in different geologic contexts. This report outlines the field protocols
and describes the sites and samples collected.

Keywords
Expedition report, Hot Springs, Andean Convergent Margin,
Subduction, Chile, Biogeochemistry
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Introduction

Along convergent margins, the subduction of one plate under-
neath another one transports carbon and other volatiles into
Earth’s deep interior and is counterbalanced by outgassing
(Kelemen & Manning, 2015) through a series of primary and
secondary geothermal emissions. These manifestations release
volatile species and elements that contribute to sustaining life
(Barry et al., 2019; Bekaert et al., 2021; Fullerton et al., 2021;
Giovannelli er al., 2022a; Rustioni et al., 2021). Variations in
subduction parameters, together with the intricate interplay
between the descending slab, the overlying mantle wedge, and
the overriding lithosphere, collectively exert a profound influ-
ence on the thermal and volatile fluxes produced, the nature
of the underlying rock formations, and their interactions with
percolating fluids, among other factors (Eberle er al., 2002;
Hu & Gurnis, 2020). Previous studies have shown that these
changes can influence the subsurface microbial community
diversity and its effects on the convergent margin volatile
budget (Barry et al., 2022; Basili et al., 2024; Fullerton et al.,
2021; Rogers et al., 2023; Upin et al., 2023). Additionally,
changes in trace elements delivered to the surface might be
linked to changes in the functional diversity of the microbial
community (Giovannelli, 2023; Hay Mele et al., 2023).

The Andean Convergent Margin (ACM) represents an
ocean-continent collision zone characterised by a high degree
of seismic and volcanic activity, and elevated heat flow.
Here, among the many volcanic manifestations, deeply
sourced seeps are invaluable windows into the geological proc-
esses linked to past and present tectonic context. These seeps
are the superficial manifestation of subsurface fluids, car-
rying with them geochemical signatures from both the
mantle and the crust. While it is established that tectonic proc-
esses significantly dictate the location, temperature, and
geochemical composition of geothermal fluids and related
emissions, our understanding of their impact on microbial
taxonomic and functional diversity remains limited. Within
this framework, we sampled sediment, fluid and gas samples
from 38 deeply sourced seeps and fumaroles along a
~800 km segment within the CVZ of northern Chile (17 °S
and 24 °S). This project aims to understand the geochemical
transformations and microbial communities in response to
various subduction parameters, including crustal thickness
and other factors such as carbon input from the slab, upper
plate thickness, lithology, and slab dip angles, which can
then be used to understand a wide range of global convergent
margins. In this report, we present the field protocols alongside
detailed descriptions of the sites and samples collected.

Expedition team and logistics

The expedition team was composed of 27 interdisciplinary sci-
entists spanning the fields of microbiology, biogeochemistry,
microbial ecology and gas geochemistry. The sampling
was carried out along a segment of the ACM in the CVZ of
northern Chile, between 17 °S and 24 °S, during the expedi-
tion CH22 conducted between March and April 2022. We
collected gas, fluids and sediments from fumaroles, wells, bub-
bling springs and naturally flowing fluid springs, broadly
defined as deeply-sourced seeps (Giovannelli et al., 2022b),
from 38 sites.
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Geological and environmental settings

Situated along the Pacific’s “Ring of Fire,” Chile is a geo-
logically dynamic region characterised by complex tectonic
interactions. Chile stretches over 4,000 kilometres from north to
south, encompassing a number of geological terrains that have
been shaped through time by plate interactions between the
Nazca Plate, subducting under the South American Plate at the
Peru—Chile Trench, and the Antarctic Plate. The 7,000-km-long
ACM serves as a paradigmatic example of a “typical” of
long-lived subduction of an oceanic plate beneath a continental
one (Chen et al., 2019), and can be divided into three segments,
primarily based on variations in tectonic and geological fac-
tors along its length. The northern (NVZ), central (CVZ),
southern (SVZ) and Austral (AVZ) volcanic zones, divided by
magmatic activity interruptions, linked to ridge and spread-
ing plate margins subduction and changes in the angles of
subduction (Barry et al., 2022; Martinod et al., 2010; Stern,
2004).

The CVZ, located between 16 °S and 28 °S, has intense vol-
canic activity, and features a high concentration of stratovol-
canoes (Stern, 2004), including some of the most active ones
in South America, such as Lascar, Sabancaya and Ubinas
(Aguilera et al., 2022; Stern, 2004; Stern et al., 2007). It is
characterised by a unique type of subduction, where angle of
subduction of the subducting plate reaches less than 30
degrees in some sections (Bartels e al., 2022). The last Andean
magmatic cycle, which is responsible for the last volcanic
Arc, the current CVZ, started around 27 Ma (Late Oligocene),
as a consequence of the Farallon plate break up, forming
Cocos and Nazca plates. From north to south, the Andes taper
from approximately 500 km across the Andean plateau to
around 200 km at 35 °S, while crustal thickness decreases
from over 65 km at 30 °S to less than 55 km further south
(Giambiagi et al., 2022).

Methods

Sample selection and environmental parameters

We collected gases, fluids, and sediments from fumaroles and
deeply-sourced seeps (Giovannelli et al., 2022b). In addition
to including local scientists in our group and contacting
national authorities to obtain permission for our work, we
obtained permission from the individuals who owned the land
on each site, only sampling after permission was granted.
Using the sampling approach proposed by Fullerton et al.
(2021), at each sampling site we identified the main water
outlet by using a combination of field observation and meas-
urements, to sample the pristine gases and fluids, minimis-
ing their interaction with the surface and the atmosphere.
We also collected superficial sediment deposits that were con-
stantly overwashed by the subsurface fluids, as well as back-
ground soil samples from the nearby area that did not show
geothermal alterations. The rationale behind this type of sam-
pling approach was to maximise the subsurface information
that can be extrapolated from the data, knowing which
communities are found exclusively in the seep and those
shared with the surrounding areas (Giovannelli et al., 2022b).
Each sampling location was photographed using a FLIR C2
thermal camera and a digital camera (Figure 1). Total alka-
linity (expressed as mg/L CaCO,), and silica were analysed
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in situ by (i) acidimetric titration using HCl 0.03 N,
phenolphthalein and bromophenol blue as indicators, and
(i1) molecular spectrophotometry (Hanna HI 96770C; accuracy:
+1 mg/L). Temperature, conductivity, pH, redox potential,
total suspended solids and dissolved oxygen were measured
in the field using a thermocouple and a multiparametric probe
(HANNA, HI98196, accuracy: +0.15 °C, +0.02 pH) (Figure 2).
Water emission rates were estimated by measuring the spring
outlet dimensions and the water flow velocity using a FL-KI1
stream flow metre, handheld rod with impeller and LCD

Legend

QO sites
A volcances
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readout (JDC Instruments Electronics Flowatch Flowmeter).
Gas fluxes were estimated by placing a volume-calibrated
inverted funnel full of water over the bubbling source and
measuring the time taken to displace a known volume of
water.

Geochemistry samples acquisition

Dissolved gas geochemistry. Gas phase samples and water
samples for dissolved gases were collected in pre-evacuated
250 ml Giggenbach bottles containing 50 ml of 4 N NaOH

[ plutonic o ¢ 200 km
[1 sedimentary }
I voleanic

Figure 1. Map showing the location of the sampling sites and their geological context. A) General overview of the Andean Volcanic
Zones. The sampled area presented in (B) and (C) is marked with a red rectangle; B) Topographic map showing the location of the sampled
seeps; and C) geological maps of the sampled area showing the main geological units (“Geological Map Of South America At a Scale of
1:5,000,000", 2019), https://doi.org/10.32685/10.143.2019.929) (geological basemap from Gémez et al., 2019).
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Figure 2. Graph showing the temperature, pH, and total alkalinity of the sampled locations. Temperature in °C and total alkalinity
in ppm of CaCO, (concentrations are proportional to the size of the circles).
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minimising atmospheric contamination (Barry et al, 2019).
Copper tubes for the determination of the noble gas com-
position were collected at each site. Gases and fluids were
first flushed into silicone tubes and through 3/8-inch copper
tubes, that were then closed with stainless steel clamps after
extensive flushing, trapping the sample inside the copper tub-
ing (Barry et al, 2022). The tubing used for Cu-tubes was
also used to collect gas samples using Giggenbach bottles.

Aqueous and sediment geochemistry. At each site, we took
sediment samples as close as possible to the water outlet point,
and collected them into 50 ml conical tubes, prewashed in
soap and water and then in acid, to avoid any possible metal
contamination. We collected two 50 ml conical tubes of
0.22 um filtered fluids for ion chromatography (IC) and
ion coupled plasma mass spectrometer (ICP-MS) analysis
(Correggia et al., 2023; Correggia et al., 2024). Samples for
ICP-MS analysis were acidified with nitric acid to estimate
acid-soluble metals. We also collected a 10 ml anoxic vial
for dissolved inorganic carbon. All the equipment was acid
washed to avoid metal contamination.

Biological samples acquisition

We sampled sediments and fluids for molecular analysis, with
the sampling approach proposed by Fullerton et al., 2021. For
each site, we filtered between 2 to 4 litres of hydrothermal
fluids through a Sterivex 0.22 pm filter (Millipore Sigma)
using a portable 3D printed peristaltic pump powered through
an battery portable drill. The plans to print and reproduce
the peristaltic pump are available at DOI: 10.5281/zenodo.
12742933. The fluids were collected as close as possible
to the venting outlet to prevent mixing with the surface as
described previously (Giovannelli ef al., 2022b). Using 50 ml
falcon tubes, we collected sediments as close as possible to
the water outlet, and background soils choosing the closest
point to the seep which showed no signs of influence from the
hydrothermal activity. Filters and sediments were immedi-
ately frozen onsite at liquid nitrogen temperature in a cryogenic
dry shipper (ThermoFisher Scientific, Arctic Express 20).
To identify and count cells using flow cytometry, we sampled
a 2 ml cryovial of fluid and a 2 ml cryovial of sediment,
both of which were preserved in 3 % paraformaldehyde.
Finally, we filled 100 ml vials with biofilms of various colours,
microbial mats, fluids, and sediments, for culturing and
isolation purposes.

Sites and samples log
‘We named each site using the following convention:

- The ISO Alpha-3 country code or a two-letter project
specific code is used to assign the name to the expe-
dition followed by a two numeric digit indicating the
year called ExpID (e.g., MNG23);

- Each sampling site is identified using a two-letter code
selected from the name of the location, called SiteID
(e.g., NR for ...);
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- Each sampling effort is identified by the SiteID fol-
lowed by the sampling date in the YYMMDD format,
called a CollectionID (e.g., NR230731). This gives a
unique identifier of the sample based on the location
and the date;

- The different samples collected during each collec-
tion are identified by each participating group using tags
specific for the type of analysis carried out.

Physicochemical characteristics of each site and the measured
parameters in the field are reported in Table 1. The descrip-
tion of each sampled location follows together with pictures
useful for future identification of the site. A .kmz file con-
taining the exact location of the sampled sites is available
on the online GitHub repository associated with this report
(https://github.com/giovannellilab/Chile_2022_expedition.git).

Site 1 - La Chimba, LC220316 (-23.5629 °N, -70.4002 °E)
The LC220316 (Figure 3) spring was the first site sampled
during this expedition. It is situated approximately 30 metres
from the seashore, near the city of Antofagasta, at an eleva-
tion of 13 metres above sea level. The site features a water
outlet hidden within the grass (Figure 3), which feeds a small
pool at its base. No gas bubbles are present. The spring and
its associated pool are encompassed by various forms of veg-
etation. The site is surrounded by evidence of animal activity
and traces, and human-generated litter.

Site 2 - Quebrada Negra, QN220317 (-23.6979 °N,
-70.4064 °E)

Site QN220317 lies on the edge of the city of Antofagasta,
within the dry bed of an arheic basin, at an altitude of 93
metres above sea level (Figure 4). The water outlet was iden-
tified inside a channel into the ground. The site is located
about 500 metres from the road, so it is easily accessible
by car. The site harbours indications of human impact, as
remnants of discarded trash are found within it, alongside
signs of animal presence such as tracks and traces.

Site 3 - Chitor, CH220319 (-22.4173 °N, -68.1726 °E)

Site  CH220319 is nestled in the heart of the Atacama
Desert, approximately 90 kilometres from the city of Calama
(Figure 5). This remote location is at an elevation of 3754
metres above sea level. Chitor is about 150 metres away
from the main road, and accessible by car. The site is located
in a flat basin surrounded by mountains and hills, sug-
gesting that rainwater likely funnels into this basin. The
water leak point emerges in an area surrounded by sparse veg-
etation, with the presence of animal tracks. Around the water
outlet there is evidence of iron precipitation, and the mound has
some carbonate deposition. The water flow is low and CO,-rich.

Site 4 - Rio Salado, RS220319 (-22.2781 °N, -68.2277 °E)

Site RS220319 was sampled on the bank of the Rio Salado
river, that flows near the city of Calama, at an altitude of
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Table 1. Sampled sites with main environmental and physicochemical characteristics.

Temp Latitude Longitude Altitude SPC Alkalinity = Water Gas

site[DI SeollectionIDE o BPHE B/any (°E) (m)  (pS/cm) (ppm CaCO3) flux  flux
LC220316 LC 40 73 235629 704002 13 15170 114.1 952 0.000
QN220317 QN 26 74 236979 704064 94 39800 1802 044 0000
CH220319 CH 22 58 224173 681726 3754 8476 480.4 032 0103
RS220319 RS 22 60 222781 -682277 3084 9108 792 189 2.000
AL220320 AL 83 NA 231450 -67.6553 4747 NA NA 000 NA
AV220320 AV 68 60 -231492 -67.6585 4705 5332 99 126 0.246
LN220321 LN 50 66 -231468 674192 4227 52600 87.1 19.28  0.003
ET220322 ET 87 63 223307 -680118 4278 25900 72.1 NA  NA
GB220322 GB 83 66 -223570 -680226 4287 8710 225.2 593 0802
CA220323 cA 25 74 220650 680592 4061 277 102.1 17.64  0.000
01220324 oL 147 NA 209412 684833 5312 NA NA NA  NA
C220324 cc 203 8 210251 684508 4266 91 60.1 3250 0.000
CR220324 CR 42 79 220650 -680593 4125 3541 75.1 1032 0.000
0A220325 OA 28 70 216879 682149 3736 3630 138.1 924  NA
VA220325 VA 2 72 216095 -682501 3795 7360 129.1 246 0000
TM220326 ™ 54 88 -200704 -692118 2804 1120 37 1202 0.000
CN220327 N 37 62 -19.8854 -686013 3906 10120 819.7 756 0326
TL220327 TL 69 63 -198518 -689065 3999 3000 117.1 1253 0.070
IR220328 R 408 NA 207345 -685574 4977 NA NA NA  NA
15220328 IS 38 24 207259 -685862 4042 21120 NA 168  0.000
SR220328 SR 35 83 205405 -693260 1322 8089 54 067 0000
7220329 z 42 82 -196835 691772 3423 679 721 27261 0.000
P7220330 Pz 74 747 194085 689585 4205 16450 1832 252 0004
PD220330 PD 86 NA -194128 689579 4222 NA NA NA  NA
P|220330 P) 30 67 -19.1208 -689098 4242 1769 1.1 186 0.000
EQ220330 EQ 30 60 -192351 -687920 3901 2500 2883 13608 0.000
V220331 v 97 NA -191622 -688349 5163 NA NA NA  NA
1220331 T 67 63 -191134 -69.1384 4067 20610 2883 072 0000
LA220331 LA 36 68 -19.0588 -60.2528 3728 20880 360.3 712 NA
LR220331 R 24 55 -198518 689061 4079 29460 3723 11076 0.000
V220331 LV 49 56 190570 -69.2534 3731 28910 120.1 1092 0.000
LP220401 Lp 25 75 -192330 -69.0104 4157 582 51 1332 NA
PQ220401 PQ 63 58 -189132 689992 4283 12200 147.1 3783 NA
CP220402 cp 16 38 -17.9501 -694362 4151 1620 8 133 0.000
CE220402 CE 54 619 -179555 -69.4236 4141 344000 7957 466 0035
CU220402 cu 34 64 -181700 -604300 4473 2610 249.2 666 0005
PR220403 PR 36 63 -181979 -69.5385 3785 25410 738.6 010 0008
JR220403 IR 65 69 -182102 -69.5105 4050 6129 75.1 13.00  0.000
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Figure 3. La Chimba, LC220316. Fluids were sampled from a small water outlet point between the grass. A. Detail of the sampling location
where the fluids were collected. B. Large view of the sampling site. Photograph taken by author DB for this publication.

Figure 4. Quebrada Negra, QN220317. A. Detail of the sampling location where the fluids were collected. B. Large view of the sampling

site. Photograph taken by author DB for this publication.

Figure 5. Chitor, CH220319. A. Detail of the sampling location where the fluids were collected. B. Large view of the sampling site. Photograph

taken by author DB for this publication.

3084 metres above sea level (Figure 6). The site is close to
a road, and we crossed the river on foot to reach the site we
selected for sampling. On the river bank there are three water
outlet points, all close to each other and each with high
flux of gas bubbles.

Site 5 - Alitar fumaroles, AL220320 (-23.1459 °N,
-67.6553 °E)

Site AL220320 is located within the fumarole of the Alitar
volcano, at an altitude of 4747 metres above sea level (Figure 7).
The site is located inside the volcano’s crater, with diffuse
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Figure 6. Rio Salado, R$220319. Fluids were sampled from a bubbling water outlet point next to the river. A. Detail of the sampling location
where the fluids were collected. B. Large view of the sampling site. Photograph taken by author DB for this publication.

Figure 7. Alitar fumaroles, AL220320. A. Detail of the sampling location where the samples were collected. B. Large view of the sampling

site. Photograph taken by author DG for this publication.

degassing of H,S. Given the high temperature of the fumarole,
we only collected sediments and gas samples at this site,
and targeted an area with relatively lower temperature, 83°C
for microbiological sampling.

Site 6 - Alitar verde, AV220320 (-23.1492 °N, -67.6585 °E)
Site AV220320 is located near the Alitar fumaroles site, at
an altitude of 4705 metres above sea level (Figure 8). It is a
marshy area fed by emissions of hot underground water, at
around 68 ° C, with moderate bubbling. The pool is surrounded
by limestone encrustations, and while the inside of the sam-
pled pool is clear and free from vegetation and algae, all
around there is vegetation, animal tracks and green and white
biofilm.

Site 7 - Laguna Negra, LN220321 (-23.1468 °N,

-67.4192 °E)

Site LN220321 is near the shore of a system of three salares
and lagoons, alternating between periods of desiccation and
replenishment by rainwater cascading from the surrounding
hills (Figure 9). This site is easily accessible by car, and the
water outlet point selected for the sampling is a 52°C water

release along the shoreline of the Laguna Negra lagoon. The
site has small, intermittent gas emissions, and inside the pool
there are green and brown biofilms, surrounded by whitish
carbonate concretions.

Site 8 - El Tatio, ET220322 (-22.3307 °N, -68.0118 °E)

Site ET220322 is located within the El Tatio geothermal
field, near San Pedro de Atacama (Figure 10). With an alti-
tude of 4278 metres above sea level, El Tatio is one of the
highest-altitude geothermal fields in the world, known for its
numerous geysers, hot springs, and fumaroles. Among the
many pools, we chose to sample one with a temperature of
87°C, which was slightly lower than other pools. The sam-
pled pool was surrounded by sandy and gravelly sediment,
while inside the pool there was very little fine sediment, and
mostly pieces of sinter encrustations that had fallen from the
sides.

Site 9 - Geyser Blanco, GB220322 (-22.3570 °N,

-68.0226 °E)

Site GB220322 is approximately 3 km from the El Tatio geo-
thermal field, with an altitude of 4287 metres above sea level
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Figure 8. Alitar verde, AV220320. A. Detail of the sampling location where the fluids were collected. B. Large view of the sampling site.
Photograph taken by author JP for this publication.

Figure 9. Laguna Negra, LN220321. Fluids were sampled from a water outlet point near the lake. A. Detail of the sampling location where
the fluids were collected. B. Large view of the sampling site. Photograph taken by author DG for this publication.

Figure 10. El Tatio, ET220322. Fluids were sampled from the pool, as close as possible to the water outlet. A. Detail of the sampling location
where the fluids were collected. B. Large view of the sampling site. Photograph taken by author DG for this publication.
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(Figure 11). It is a water emission site at 83°C, where water
flows along a hill producing a small stream with limestone
deposits as well as biofilms of various colours, including green,
white and orange. The site lacked vegetation, but showed
animal traces.

Site 10 - Cabana, CA220323 (-22.0650 °N, -68.0592 °E)
Site CA220323 is located at about 5 km from Cabana at an
altitude of 4061 metres above sea level (Figure 12). It is a
hot spring surrounded by vegetation, located in a valley sur-
rounded by hills and mountains. In the pool, the high water
flow is artificially channelled through a series of pipes. The
water flows out at a temperature of 25°C. There were fish
inside the pool. The site is close to old sulphur mine tailings
and buildings distributed in the area.

Site 11 - Olca Volcano, OL220324 (-20.9412 °N,

-68.4833 °E)

Site OL220324 is a fumarole field on the Olca volcano, at
5312 metres above sea level (Figure 13). Olca is a stratovol-
cano located on the border with Bolivia, and its gases emis-
sions come from a fumarole field over the crater’s dome.
The temperature recorded at the sampling point is 147°C,
and no fluids for biological analysis were sampled.

Site 12 - Vega Churchilla, CC220324 (-21.0251 °N, -
68.4508 °E)

Site CC220324 is located in the municipality of Ollagie, a
small city at the base of the andesitic Ollagiie stratovolcano
(Figure 14). The point of emission of the water, which comes
out at a temperature of 20.3 °C, is located within a relatively
flat area, surrounded by hills and mountains. The entire area
is covered by low vegetation and ignimbrites outcrops. The
site is at an altitude of 4266 metres above sea level, and has no
gas phase.
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Site 13 - Carcote, CR220324 (-22.0650 °N, -68.0593 °E)
Site CR220324 is located 4125 metres above sea level, near
the Salar de Carcote (Figure 15). The site consists of a water
outlet at 42°C, with no gas, feeding a pool used by tourists.

Site 14 - Ojo de Ascotan vertiente, OA220325

(-21.6879 °N, -68.2149 °E)

Site OA220325 has an altitude of 3736 metres above sea
level, and is one of a series of pools in the middle of a salar
(Figure 16). Fluids and bubbles come out of a horizontal
pipe inside the pool sampled. The source of the water, which
we measured at 28 ° C, is apparently a 200 m deep well
in the Salar de Ascotan, as told to us by the caretakers of the site.

Site 15 - Vertiente 10 Ascotan, VA220325 (-21.6879 °N,
-68.2149 °E)

Site VA220325 is a salty spring on the edge of the Salar de
Ascotdn, 3795 metres above sea level and water is 22 ° C
(Figure 17). The water flows out of sandy sediment and feeds
a small pool with algae, aquatic vegetation, and animals.

Site 16 - Termas de Mamifia, TM220326 (-20.0704 °N,
-69.2118 °E)

Site TM220326 is a spring in Mamifia, a small village 130
kilometres east of Iquique, 2804 metres above sea level
(Figure 18). Fluids were 54 ° C, and with a pH of 8.8, mak-
ing this the most alkaline spring sampled. The water flows
into an artificial structure, with extensive mats and biofilms of
different colours, and eventually is used by the inhabitants of
the nearby town.

Site 17 - Termas de Cancosa, CN220327 (-19.8854 °N,
-68.6013 °E)

Site CN220327 is 3906 metres above sea level and 37 ° C, with
strong bubbling, iron precipitation and travertine deposition

Figure 11. Geyser Blanco, GB220322. A. Detail of the sampling location where the fluids were collected. B. Large view of the sampling site.

Photograph taken by author DB for this publication.
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Figure 12. Cabana, CA220323. Fluids were sampled from the water outlet point, at the bottom of the pool. A. Detail of the sampling
location where the fluids were collected. B. Large view of the sampling site. Photograph taken by author DG for this publication.

Figure 13. Olca Volcano, OL220324. No fluids were sampled at this site. A. Detail of the sampling location. B. Large view of the sampling
site. Photograph taken by author JP for this publication.

Figure 14. Vega Churchilla, CC220324. Fluids were sampled from the water outlet point. A. Detail of the sampling location where the fluids
were collected. B. Large view of the sampling site. Photograph taken by author DB for this publication.
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Figure 15. Carcote, CR220324. Fluids were sampled from the water outlet point, before reaching the pool. A. Detail of the pool. B. Large
view of the sampling site. Photograph taken by author KGL for this publication.

Figure 16. Ojo de Ascotan vertiente, 0A220325. Fluids were sampled from the water outlet point, at the bottom of the pool. A. Detail
of the sampling location where the fluids were collected. B. Large view of the sampling site. Photograph taken by author DB for this
publication.

Figure 17. Vertiente 10 Ascotan, VA220325. Fluids were sampled from the water outlet point, at the bottom of the pool. A. Detail of the
sampling location where the fluids were collected. B. Large view of the sampling site. Photograph taken by author KGL for this publication.
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all around it (Figure 19). At approximately 50 metres from the
spring there is a small stone hut with a pool inside, showing
strong bubbling.

Site 18 - Termas de Lirima, TL220327 (-19.8518 °N,
-68.9065 °E)

Site TL220327 is on a large sinter dome, with bluish coloured
pools, all characterised by strong and intermittent bubbling
(Figure 20). The site is located at an altitude of 3999 metres
above sea level, and the fluids are 69 ° C. The pools are all
surrounded by sinter concretions, inside them there is very fine
and dark sediment, and around them are animal carcasses.

Site 19 - Irruputuncu fumaroles, IR220328 (-20.7345 °N,
-68.5574 °E)

Site IR220328 is a fumarole in the southernmost crater of
the Irruputuncu volcano, at 4977 metres above sea level. At
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408 ° C, this was the highest temperature site sampled in
the expedition. All around the site there is strong degassing,
with native sulphur deposits and high temperature acid gases
(Figure 21). Near the site there is an old sulphur mining infra-
structure. No aqueous phase samples were available for
collection at this specific site.

Site 20 - Irruputuncu acid spring, 15220328 (-20.7259

°N, -68.5862 °E)

Site 15220328 is an acidic spring located near the base of
the Irruputuncu volcano, at 4042 metres above sea level, and
with a fluid temperature of 38 ° C (Figure 22). With a pH of
2.4, it is the most acidic spring sampled during this expedi-
tion. There are two main water emissions at the sampling loca-
tion, both with very very limited water flow. Only one of
the two had sufficient flow to sample. Near the water outlet,
the sediment is sparse and coarse.

Figure 18. Termas de Mamifia, TM220326. Fluids were sampled from the water outlet point. A. Detail of the sampling location where the
fluids were collected. B. Large view of the sampling site. Photograph taken by author KGL for this publication.

Figure 19. Termas de Cancosa, CN220327. Fluids were sampled from the water outlet point, at the bottom of the pool. A. Detail of the
sampling location where the fluids were collected. B. Large view of the sampling site. Photograph taken by author DB for this publication.
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Figure 20. Termas de Lirima, TL220327. Fluids were sampled from the water outlet point, at the bottom of the pool. A. Detail of the
sampling location where the fluids were collected. B. Large view of the sampling site. Photograph taken by author DB for this publication.

Figure 21. Irruputuncu fumaroles, IR220328. No fluids were available to be sampled at this location. A. Detail of the sampling location.
B. Large view of the sampling site. Photograph taken by author JP for this publication.

Figure 22. Irruputuncu acid spring, 15220328. Fluids were sampled from the water outlet point, near the pool. A. Detail of the sampling
location where the fluids were collected. B. Large view of the sampling site. Photograph taken by author JP for this publication.
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Site 21 - Santa Rosita, SR220328 (-20.5405 °N,

-69.3260 °E)

Site SR220328 is near the city of Pica, 1322 metres above sea
level (Figure 23). Here the fluids flow from a pipe, supplying
a private swimming pool, at 35 ° C. As suggested by the
owner of the property, the water is sourced from a nearby
natural well. At this site, there is no gas phase, and we did not
collect any sediment samples.

Site 22 - Termas de Chusmiza, CZ220329 (-19.6835 °N,
-69.1772 °E)

Site CZ220329 has an altitude of 3423 metres above sea level
(Figure 24). This location has pools with therapeutic thermal
water, which serve as an attraction for both residents and
tourists. The sampled site is located along a road accessible by
car. Fluids were sampled from a concrete tank inside a rock
wall, where fluids are 42 ° C. Surrounding the site, thermal
water emerges directly from the rock wall.
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Site 23 - Puchuldiza outflow, PZ220330 (-19.4085 °N,
-68.9585 °E)

Site PZ220330 site, 4205 metres above sea level, is approxi-
mately 200 metres from the Puchuldiza geothermal field, in
the Tarapacd Region (Figure 25). The spring is located on a
dome, at the outer edge of the fumarole/geyser field. Here,
fluids have moderate bubbling and a temperature of 74 ° C,
flowing downhill in a small stream, with abundant biofilms
ranging between green, orange and white, releasing hot
fluids into the Puchuldiza River.

Site 24 - Puchuldiza fumarole, PD220330 (-19.4128 °N,
-68.9579 °E)

Site PD220330 is in the Puchuldiza geothermal field, in the
Tarapacd Region, at an altitude of 4222 metres above sea
level (Figure 26). This area lies within a tectonic graben, and
features over a hundred separate geothermal manifestations,
such as geysers, fumaroles, and boiling pools. At this site, we

Figure 23. Santa Rosita, SR220328. Fluids were sampled from the water outlet point, near the pool. A. Detail of the sampling location
where the fluids were collected. B. Large view of the sampling site. Photograph taken by author DG for this publication.

Figure 24. Termas de Chusmiza, CZ220329. Fluids were sampled from the water outlet point. A. Detail of the sampling location where
the fluids were collected. B. Large view of the sampling site. Photograph taken by author DB for this publication.
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Figure 25. Puchuldiza outflow, PZ220330. Fluids were sampled from the water outlet point. A. Detail of the sampling location where the
fluids were collected. B. Large view of the sampling site. Photograph taken by author DG for this publication.

Figure 26. Puchuldiza fumarole, PD220330. A. Detail of the sampling location where the gases were collected. B. View of a geyser close
to the sampling site. Photograph taken by author JP for this publication.

measured the temperature at 86 © C, and we collected condensate
samples.

Site 25 - Parajaya, PJ220330 (-19.1208 °N, -68.9098 °E)
Site PJ220330 is close to Rio Todos Santos, a river that flows
across the Tarapacd Region (Figure 27). This spring is located
in a valley with low vegetation, at an altitude of 4242 metres
above sea level, with high water outflow, vegetation, and a
temperature of 30 ° C.

Site 26 - Termas de Enquelga, EQ220330 (-19.2351 °N,
-68.7920 °E)

Site EQ220330 is near the small city of Enquelga, at 3901
metres above sea level (Figure 28). Here, the fluid outlet
point is in the wall of a large swimming pool, with high
outflow at a temperature of 30 ° C and no gas phase. The

pool is frequently used by tourists and locals. After the first
swimming pool, the water flows into a second, natural pool.

Site 27 - Isluga volcano, IV220331 (-19.1622 °N,
-68.8349 °E)

Site 1V220331 is a high flux fumarole on the upper flanks
of the Isluga stratovolcano, in Colchane, 7 km from the
Chilean-Bolivian border, at 5163 metres above sea level
(Figure 29). No fluids were available to be sampled at this site,
but we collected condensate samples. The registered tem-
perature at the site where sediments were collected was
97°C.

Site 28 - Terma Tana, TT220331 (-19.1134 °N, -69.1384 °E)

Site TT220331 is a hot spring with no gas phase, at 4067
metres above sea level, and a temperature of 67 ° C
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Figure 27. Parajaya, PJ220330. Fluids were sampled from the water outlet point. A. Detail of the sampling location where the fluids were
collected. B. Large view of the sampling site. Photograph taken by author DB for this publication.

Figure 28. Termas de Enquelga, EQ220330. Fluids were sampled from the water outlet point. A. Detail of the sampling location where the
fluids were collected. B. Large view of the sampling site. Photograph taken by author DB for this publication.

Figure 29. Isluga volcano, IV220331 Fluids were sampled from the water outlet point. A. Detail of the sampling location where the
fluids were collected. B. Large view of the sampling site. Photograph taken by author JP for this publication.
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(Figure 30). The spring is located on the slope of a small hill,
with low vegetation, and is surrounded by carbonate and
iron deposits.

Site 29 - Laguna Amarilla, LA220331 (-19.0588 °N,
-69.2528 °E)

Site LA220331 is at the bottom of a 24 m wide lagoon, called
Laguna Amarilla, which, together with the Lagura Roja and
Laguna Verde, constitute the Lagunas the Amuyo (Figure 31).
These lagunas are located within the Arica y Parinacota
Region, and feed the Caritaya river, which flows north, at
the base of the dome on which the three lagoons are located.
This laguna has an altitude of 3728 metres above sea level,
with fluids at 36 °© C. Gas emanates from the centre of the
deep pool.

Site 30 - Laguna Roja, LR220331 (-19.8518 °N,

-68.9061 °E)

Site LR220331 is on the shores of the Laguna Roja, the second
of the three Lagunas the Amuyo, at an altitude of 4079
metres above sea level (Figure 32). This location stands
approximately at the centre of the dome where the three
lagunas are located, halfway between the other two. This
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laguna is a red iron-rich pool with encrustations around edges,
with a number of small emissions all around the edges of the
pool. We chose one with relatively high water flux, and with a
temperature of 24 ° C.

Site 31 - Laguna Verde, LV220331 (-19.0570 °N,

-69.2534 °E)

Site LV220331 is on the shore of Laguna Verde, the farthest
south of the three Lagunas de Amuyo, at an altitude of 3731
metres above sea level (Figure 33). The pool is surrounded by
encrustations and its outflow ends up in the Caritaya river.
Among the three lagunas, this is the warmest, with a temperature
of 49 ° C.

Site 32 - Laguna Parinacota, LP220401 (-19.2330 °N,
-69.0104 °E)

Site LP220401, at an altitude of 4157 metres above sea level, is
one of two high outflow springs feeding the Laguna Parinacota
(Figure 34). This lagoon is close to the Colchane village and
seasonally alternates between dry and flood periods. The
site is northwest of the lagoon, on a hillside, with 25 ° C fluids
flowing into the lagoon, creating small streams with biofilm
and algae.

Figure 30. Termal Tana, TT220331. Fluids were sampled from the water outlet point. A. Detail of the sampling location where the fluids
were collected. B. Large view of the sampling site. Photograph taken by author DG for this publication.

Figure 31. Laguna Amarilla, LA220331. Fluids were sampled from the water outlet point. A. Detail of the sampling location where the
fluids were collected. B. Large view of the sampling site. Photograph taken by author DB for this publication.
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Figure 32. Laguna Roja, LR220331 Fluids were sampled from the water outlet point. A. Detail of the sampling location where the
fluids were collected. B. Large view of the sampling site. Photograph taken by author DG for this publication.

Figure 33. Laguna Verde, LV220331. Fluids were sampled from the water outlet point. A. Detail of the sampling location where the fluids
were collected. B. Large view of the sampling site. Photograph taken by author DG for this publication.

Figure 34. Laguna Parinacota, LP220401. Fluids were sampled from the water outlet point. A. Detail of the sampling location where the
fluids were collected. B. Large view of the sampling site. Photograph taken by author DB for this publication.
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Site 33 - Bafios Polloquere, PQ220401 (-18.9132 °N,
-68.9992 °E)

Site PQ220401 is located on the shore of a large steaming salt
lake, on the southern edge of Salar de Surire, in the Arica y
Parinacota Region (Figure 35). This site has an altitude of
4283 metres above sea level, and is located on one side of
the lake, shows strong consistent bubbling and a fluid
temperature of 63 ° C.

Site 34 - Colpitas, CP220402 (-17.9501 °N, -69.4362 °E)
Site CP220402, at an altitude of 4151 metres above sea level
in the Arica y Parinacota Region, is located at the edge of
an old inactive geothermal area, with multiple fluid sources,
small water streams, and small pools (Figure 36). With a
temperature of 16 °C, this is the spring with the lowest tem-
perature sampled on this expedition and shows very low
and intermittent gas bubbles. Fluids flow out of the spring,
leaving all around the seep thick microbial mats of different
colours, ranging from yellow, orange, brown, and green.

Site 35 - Colpitas Este, CE220402 (-17.9555 °N,

-69.4236 °E)

Site CE220402 is a warm bubbling spring on the edge of an
old inactive geothermal area/salar, located at an altitude of
4141 metres above sea level, in the Arica y Parinacota Region,
with 54 °C fluids (Figure 37). Around the chosen site there
are other seeps, which flow into small streams of water across
the salar.

Site 36 - Las Cuevas, CU220402 (-18.1700 °N, -69.4309 °E)
Site CU220402, also known as Termas de Las Cuevas, is near
the location of Las Cuevas, at an altitude of 4473 metres above
sea level, with 34 ° C fluids (Figure 38). The outflow feeds
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an artificial pool with weak intermittent bubbling within a
hut. The water from the spring flows outside the hut, creating
a wet area with small streams and abundant biofilms and
mats of different colours.

Site 37 - Putre, PR220403 (-18.1979 °N, -69.5385 °E)

Site PR220403 is a small moderately bubbling spring located
on the highest point of a large travertine mound, next to the
main road (Figure 39). It has an altitude of 3785 metres
above sea level, and fluids flow along the slope of the mound
forming a network of small streams at a temperature of
36 ° C. This site was reported by Inostroza et al., 2020 as a
Na-Cl type water site.

Site 38 - Termas de Jurasi, JR220403 (-18.2102 °N,
-69.5105 °E)

JR220403 was the last site sampled in our expedition. This
site, at an altitude of 4050 metres above sea level, is a high
outflow hot spring located within a private hot springs com-
plex with baths used by tourists and locals (Figure 40).
Here, multiple water sources feed into the pools. Our spring,
with a temperature of 65 ° C, doesn’t feed any pool, and
flows out from an extremely hydrothermally-altered wall, a
few metres above the pools.

Thermal images of the sampled seeps

Themal images of the sampled seeps have been collected at
each location to assist in sampling site selection and inform
on the structure of the seep (Figure 41 and Figure 42).

Summary
The expedition successfully sampled 38 sites, including deeply
sourced springs and fumaroles. The data obtained will be

Figure 35. Bafio Polloquere, PQ22040. 1 Fluids were sampled from the water outlet point. A. Detail of the sampling location where the
fluids were collected. B. Large view of the sampling site. Photograph taken by author DB for this publication.

Figure 36. Colpitas, CP220402. Fluids were sampled from the water outlet point. A. Detail of the sampling location where the fluids were
collected. B. Large view of the sampling site. Photograph taken by author JP for this publication.
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Figure 37. Colpita Este, CE220402. Fluids were sampled from the water outlet point. A. Detail of the sampling location where the fluids
were collected. B. Large view of the sampling site. Photograph taken by author DB for this publication.

Figure 38. Las Cuevas, CU220402. Fluids were sampled from the water outlet point. A. Detail of the sampling location where the fluids
were collected. B. Large view of the sampling site. Photograph taken by author KGL for this publication.

Figure 39. Putre, PR220403. Fluids were sampled from the water outlet point. A. Detail of the sampling location where the fluids were
collected. B. Large view of the sampling site. Photograph taken by author DB for this publication.

Figure 40. Termas de Jurasi, JR220403. Fluids were sampled from the water outlet point. A. Detail of the sampling location where the
fluids were collected. B. Large view of the sampling site. Photograph taken by author DG for this publication.
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Figure 41. Thermal photos of the sampling sites 1 to 15 taken with a FLIR C2 thermal camera. Photograph taken by author CJR for
this publication.
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Site 32

Figure 42. Thermal photos of the sampling sites 16 to 34 taken with a FLIR C2 thermal camera. Photograph taken by author CJR
for this publication.
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made public according to the FAIR Principles for scientific
data management.

Ethical approval and consent
Ethical approval and consent were not required.

Data and software availability

The expedition site and metadata are available through a GitHub
repository (https://github.com/giovannellilab/Chile22_Expedition_
Report.git) and through Zenodo 10.5281/zenodo.11200954.

Zenodo: ERC CoEvolve CHL22 Expedition report. https://doi.
org/10.5281/zenodo.11200955
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Magdalena Osburn
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Dylan Chambers

Northwestern University Judd A and Marjorie Weinberg College of Arts and Sciences (Ringgold ID:
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Summary: This data report describes a large-scale sampling campaign and resultant sample set
targeting springs and fumaroles in the central volcanic zone of Chile. They document the field
context, samples collected, and basic metadata of each site and include site thermal infrared
images. This collection would not warrant a full publication elsewhere, but in the spirit of open
data and allowing the authors to cite the field descriptions in future work, I see the value of this
contribution. I would, however, like to see a small amount of additional information and some
slight reorganization.

Common points:

For a data report, there is a pretty limited amount of data included here which could be used
elsewhere. Others may use this document to replicate sampling locations, but to use the reportin
that way it needs more information.

1. To replicate this sampling process, it is imperative to know more about where in each
spring was sampled. While parameters are described in the methods about what would be
optimal, it is important to know where was actually sampled for each site. Specifically: how
close to the source was water sampled?, how deep was the water there?, where and how far
from the source was each background contextual sample taken?

2. In the site context photos it is only possible know where exactly the sample was taken in
those with tubing visible. It is often challenging to relate the close up picture to the
overview as they are from very different angles. I suggest adding arrows to both images to
indicate the sampling location.

Since this publication is aiming to make this science more open, I think documentation of what (if
any) sample material might be available for other researchers who might not be able to mount an
expedition like this. The methods report what was taken, they could also include what was
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consumed in sample processing for subsequent publications, and thus indicate what is left and
where it resides.

Formatting suggestions:

-There are inconsistencies in how many spaces surround degree signs. These should always be
next to the C, but may or may not have a space between the number and the unit depending on
followed convention. Regardless, it should be consistent throughout.

-please define an abbreviation for “meters above sea level”, writing this out 34X gets redundant.

Minor points:
Abstract:
-the opening line is unnecessarily broad and not strictly correct

Expedition team and logistics:
-“deeply sourced seeps” - this seems like something that would need to be demonstrated. How do
we know that these are deeply sourced?

Geological... settings
-“The last Andean...” I am confused about the chronology here. If it is relevant to the dataset
described here, please walk through the chronology more clearly

Methods:

-Sentence on permissions could just say “ we obtained permission from land owners prior to
sampling”

- “nearby area” - this is vague

Page 6

-Presumably the falcons were rinsed after acid cleaning?

-The sentence on background soil sampling. Can you give a range of how far way those were from
each site? How was it determined that those sites weren't subjected to hydrothermal activity? As
written, this could be very subjective. I would suggest adding this distance to each site paragraph
where relevant.

Page 11
Site 10 - is 25'C a hot spring by definition? I don't think so.

Figures:

All figures:

-There are not letters annotated on the images so the reader must assume which is A, B, C, etc.

-It would be helpful to have the site # in the figure captions.

-The figure captions are very generic, but different views and content appear on the photographs.
It would be helpful if these were more tailored to describe specifically what is being shown at each
site.

-I would suggest grouping images to put those from similar areas together. This might help the
reader understand better which areas are related vs. distant. I recognize that some will be alone,
but for instance “the lagunas” could be a 6 panel figure easily.

Figure 5A - is this a drone image? It would be good to mention specify.
-Figure 1 -Idon't see a rectangle on A and for C, these are not geological units but rather rock
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types.
-Figure 2 - It would be more accurate to describe the alkalinity as total alkalinity (which you

measured directly) rather than as CaCO3, which requires assumptions about other ions.
-Figure 22 - There is only one photo here. No A

Is the rationale for creating the dataset(s) clearly described?
Partly

Are the protocols appropriate and is the work technically sound?
Yes

Are sufficient details of methods and materials provided to allow replication by others?
No

Are the datasets clearly presented in a useable and accessible format?
Yes

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Geomicrobiology, extreme environments, isotope geochemistry

We confirm that we have read this submission and believe that we have an appropriate level
of expertise to confirm that it is of an acceptable scientific standard, however we have
significant reservations, as outlined above.
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© 2024 Lever M. This is an open access peer review report distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
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v

Mark Alexander Lever
University of Texas at Austin, Port Aransas, USA

This study describes the geomicrobiological sampling effort that went into the sampling of 38
deeply-sourced seeps along the Central Volcanic Zone. The bulk of the funding came from an ERC
grant to the first author Dr. Donato Giovannelli. The sampling campaign was carried out by a large
international team of mostly European, South and North American collaborators.

The manuscript is well-organized and well-written, and provides fantastic photographic
documentation of the sampling sites. The reader is left hungry for the scientific results of this
unprecedented sampling effort, which with careful integrations of microbiological, geochemical,
and geophysical analyses is almost guaranteed to produce a landmark study on geosphere-
biosphere interactions in tectonically active regions.
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I only have a few minor comments, mostly concerning the Abstract and Introduction.

Abstract:

Please shorten the introductory text and instead please expand the text on your project. E.g, what
kinds of protocols did you develop? Broadly, what were the (ranges of) environmental
characteristics of the sites that were sampled? What is the broader importance of the overall
project, and of this manuscript (e.g., so the reader understands why you did not publish the info
contained in this manuscript in a study that contains scientific results).

Also, a minor comment regarding the slightly misleading first sentence: subduction only occurs at
convergent margins where an oceanic plate collides with a terrestrial plate (but not at convergent
margins of bordering terrestrial plates).

Introduction

The first paragraph covers a lot of information, without explaining it. For readers who are not
familiar with the field, please briefly explain how the "intricate interplay between the descending
slab, the overlying mantle wedge, and the overriding lithosphere, collectively exert a profound
influ- ence on the thermal and volatile fluxes produced, the nature of the underlying rock
formations, and their interactions with percolating fluids, among other factors"

minor comments:
L. 5: not clear what is meant with "manifestations"
L. 15/16: not clear what is meant with "these changes"

Figure 1:
Please show the distributions of the NVZ, CVZ, SVZ, and AVZ in the map of South America

Methods:

1st sentence: "We collected gases, fluids, and sediments from fumaroles and deeply-sourced
seeps" --> you need to devote an entire paragraph to this. Please include:

- why did you choose these sites (and seeps)? What makes them suitable/interesting for the
project (e.g. what poly-extremes do they include?)

- what samples were taken for which analyses?

- what question(s) do these samples and analyses help you address? You later on mention the
analyses you did, but not why you did them (e.g. what questions they help address)

- how do you know that these seeps are "deeply sourced"?

In the Abstract you write "We carried out a scientific expedition, sampling along a ~800 km
convergent margin segment of the Andean Convergent Margin in the Central Volcanic Zone of
northern Chile, between 17 °S and 24 °S, sampling fluids, gases and sediments, in an effort to
understand interactions between microbiology, deeply-sourced fluids, the crust, and tectonic
parameters."

Based on the text, I am not clear about your strategy to tackle this complex multidisciplinary
guestion. Please explain - in a few sentences - how your project - from the choice of sampling
locations to the samples that were taken to the background information that you already had on
the "crust, and tectonic parameters" - addresses this question.
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Figure 2
Why are you showing this figure? You are not showing any other scientific results, so why this
one? What does this figure tell us?

Is the rationale for creating the dataset(s) clearly described?
Yes

Are the protocols appropriate and is the work technically sound?
Yes

Are sufficient details of methods and materials provided to allow replication by others?
Yes

Are the datasets clearly presented in a useable and accessible format?
Yes

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Sediment biogeochemistry, geomicrobiology, microbial ecology, carbon cycle,
deep biosphere, life under extreme energy limitation

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.
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