
1. Introduction
Hydrothermal activity has been demonstrated to exist in all ocean basins and along ridges of all spreading rates 
(Baker & German, 2004) but the vast majority of mid-ocean ridges remain unexplored for seafloor venting; this 
is particularly the case in the southern hemisphere (Beaulieu et al., 2013). Further, as exploration for seafloor 
venting has continued along different ridge-crests, the range in geologic diversity of known submarine hydrother-
mal fields has expanded (German & Seyfried, 2014; German et al., 2016). The southern Chile Rise represents a 
particularly intriguing target from this perspective because, at its southernmost limit, it intersects the Peru-Chile 
Trench at the Chile Triple Junction (CTJ) (Figure 1a). This setting is geologically unique because it represents 
the only location on Earth at which a mid-ocean ridge is currently being subducted beneath a continental margin 
(Cande et al., 1987). It is to be expected, however, that such processes have recurred throughout the ∼200My 
history of the Pacific Ocean. Mapping of the southernmost four segments of the Chile Rise in 2010 provided 
new insights into the interplay among processes associated with crustal production at the Chile Rise ridge-crest 
and recycling of that ocean crust at the adjacent Peru-Chile Trench subduction zone (Blackman et al., 2012). 
Here, we describe results from hydrothermal exploration conducted in conjunction with that mapping effort 
and in follow-up studies completed during a follow-on cruise in 2012. Although our geophysical investigations 
(Blackman et  al.,  2012) covered the four southernmost segments of the Chile Rise (numbered consecutively 
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Figure 1. (a) Inset: Regional map of the SE Pacific showing the location of the Chile Triple Junction in broad tectonic 
context. Main figure: Map of the southernmost four segments of the Chile Rise mapped by Blackman et al. (2012); (b) 
detailed map of Segment 2 of the Chile Rise showing track-line of CTD tow-yo completed in 2010; (c) detailed map of 
Segment 1 of the Chile Rise showing trackline of CTD tow-yo completed in 2010, including (A–E) start/end locations for 
five mini-profiles of water column samples that were collected along-track. Box outlines region of 2012 field operations 
illustrated in Figure 3.
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starting from the CTJ), our hydrothermal investigations were restricted to the southernmost two second-order 
ridge-segments (Figures 1b and 1c).

The Chile Rise is an intermediate spreading rate mid-ocean ridge with a current half spreading rate of 33 mm/
yr (Lagabrielle et al., 2015) which places it at a threshold in terms of underpinning geophysical processes that 
can impact morphology (Cande et al., 1987). Variability in along-axis ridge morphology is apparent between 
segments (Blackman et  al.,  2012), beyond what the modest difference in local spreading rate might predict 
(Segment 2 at ∼3 mm/yr less than Segment 1). Segment 2, for example, (Figure 1b) is anomalously deep for 
an intermediate spreading-rate ridge and exhibits a rift valley that is close to 1000 m deep relative to its flanks. 
Its axial depth is ∼3,800 m toward the center of this 43 km long segment and deepens to >4,000 m at either 
end. In contrast, Segment 1 (Figure 1c), which is offset from Segment 2 by ∼50 km along the Darwin Fracture 
Zone, is notably shallower with an axial rift-valley floor depth of ∼3,200 m at its northern end near 45°50’S. In 
prior work, the southern limit of Segment 1 and, hence, the location of the CTJ had been estimated to occur at 
46°09’S (Bourgois et al., 2000) where high back-scatter volcanic structures are juxtaposed against a scarp at the 
toe of the continental slope. With the higher resolution mapping conducted as part of our 2010 survey (Blackman 
et al., 2012), it was possible to identify fault scarps within the western rift-valley wall of Segment 1 that allow 
us to extend its length south to ∼46°16’S (Figure 1c). The rift-valley floor reveals a chain of volcanic structures 
each <400 m in diameter that fall along the center-line of the graben at the northern end of the segment. Further 
south, beyond ∼46°05’S, such features are increasingly obscured by terrigenous sediment shed from the adjacent 
continental margin. From 46°06’–46°12’S, some small volcanic features (diameter ∼1 km each) are still discern-
ible rising above the sediment fill (Blackman et al., 2012) but the morphology of the rift-valley floor becomes 
monotonously flat and featureless from ∼46°12’S to the triple junction at ∼46°16’S (Figure 1c).

2. Materials and Methods
2.1. At Sea Operations & Sample Collection

The hydrothermal plume investigations described in this study were all conducted aboard RV Melville during 
two short cruises of opportunity conducted in 2010 (MV 1003) and 2012 (MV 1205). Surveys along the axis of 
the ridge-crest were first conducted using the ship's Seabird 911+ CTD rosette which was equipped with a trans-
missometer and - specific to our work – two different in situ redox probes that were provided from NOAA-PMEL 
in 2010 and from AIST-Japan in 2012. Initially, the entire sensor suite was mounted to a 24-position rosette and 
towed at speeds of ∼1.5 kt along the full length of each of Segment 2 and Segment 1 (Figures 1b and 1c) lower-
ing and raising the package through the deep portion of the water column in “tow-yo” mode between depths of 
∼2500 m and a safe operating altitude above the seafloor (typically ∼50m). Traditionally, such approaches have 
proven very effective at intercepting hydrothermal plumes dispersing away from high temperature hydrothermal 
fields (Baker & German, 2004) although it is now increasingly recognized that such approaches, in isolation, may 
under-report the full extent of submarine venting present along fast and intermediate spreading ridges (Baker 
et  al.,  2016; Chen et  al.,  2021). In addition to these initial tow-yo surveys, vertical casts of the CTD-rosette 
package were conducted in 2010 while in 2012, a combination of tow-yo, vertical casts and “pogo” stations were 
employed. For the latter deployment type, the ship was repositioned over short distances to different locations to 
collect a series of vertical mini-profiles through the deep (>2500m) water column, within a single deployment. 
Importantly, an ultra-short baseline navigation beacon was attached to the CTD-rosette for all deployments in 
2010 and 2012 to ensure that we could navigate precisely where all samples and ancillary data were collected, as 
well as their sample depths (Tables S1 and S2).

In parallel with our in situ sensing approach to hydrothermal plume detection, water samples were collected 
routinely. Initially, short mini-profiles (4–5 samples each) were collected at key way-points along the length of 
each of our segment-long “tow-yo” surveys, for a combination of shipboard and shore-based geochemical anal-
yses diagnostic of submarine vent influence. First, from each Niskin, water samples were drawn for shore-based 
helium isotope analyses. Immediately upon recovery of the CTD-rosette, air-free water samples were flushed 
through 24 inch long sections of refrigeration-grade Cu tubing, with duplicate half-sections, and cold-weld sealed 
for on-shore laboratory determinations of He concentrations and isotope ratios (Young & Lupton, 1983). Next, 
100  mL of bubble-free fluid was drawn directly into 140  mL syringes for shipboard methane analysis. Any 
air bubbles were removed immediately after drawing the fluid into the syringe and this was followed by the 
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addition of 40 mL headspace gas of ultrapure helium to the samples. The samples were then shaken vigorously 
and allowed to warm to room temperature (∼30 min) to reach equilibrium for CH4 between the water and gas 
phase, prior to shipboard analysis. In 2010, samples for total dissolvable Fe and Mn analyses were also archived 
into double-bagged 500 mL polypropylene bottles that had been acid-washed for trace metal analyses prior to 
the cruise. Samples were drawn directly from the rosette into these sample bottles which were triple-rinsed with 
sample and then filled, unfiltered. Samples were transferred to Woods Hole Oceanographic Institution immedi-
ately upon completion of the cruise for trace-metal clean processing.

2.2. Laboratory Analyses of Samples

After the expedition, samples collected for Helium analyses were processed at the NOAA/PMEL Helium Isotope 
Laboratory in Newport, OR. The gas and liquid phases of the cold-welded samples were separated using a 
high-vacuum extraction line. The content of each sealed Cu tube was dropped into an evacuated flask and contin-
uously stirred with a magnetic stirrer during the extraction process. A combined charcoal-LN2 trap was then 
used to pump the gas phase into aluminosilicate ampoules during the 15 min-long gas extraction process. The 
ampoules were subsequently sealed with a hot flame and stored dry until analysis. Isotope ratios and concentra-
tions of helium were determined using a dual collector, 21 cm radius, sector-type mass spectrometer specially 
designed for helium isotope analyses. The precision for the helium isotope ratios in seawater samples averaged 
0.2% in δ 3He, where δ 3He is the percentage deviation of the isotopic ratio R =  3He/ 4He in the water sample from 
the atmospheric  3He/ 4He ratio Ra = 1.39 × 10 −6: δ 3He = ((R/Ra)−1)*100 (%).

Methane concentrations were determined at sea. After equilibration, the headspace gas was injected into a SRI 
8610C gas chromatograph. Separation of CH4 was done using a 15 m long Molecular Sieve 5A column and CH4 
concentrations were measured with a flame ionization detector. The measured background seawater CH4 concen-
tration was 0.4 nM. Sampling and analytical precision, determined through replicate draws, was <2.5% of the 
measured concentrations or ±0.1 nM, whichever is greater.

Analyses for total dissolvable iron (TDFe) and manganese (TDMn) were conducted on samples selected from 
Cruise MV1003 (2010) based on shipboard dissolved CH4 data. Those analyses were conducted using Mg-pre-
cipitation, isotope dilution, and inductively coupled plasma mass spectrometry (ICP-MS) following standard 
methods described elsewhere (Noble et al., 2008; Saito & Schneider, 2006). Briefly, unfiltered seawater samples 
were acidified to pH 1.7 using high purity HCl (SeaStar Inc) and then left for 4 months to allow the dissolution 
of labile metals in weak acid. For each analysis 13.0 mL of processed sample was decanted into a centrifuge tube, 
spiked with  57Fe stable isotope and precipitated using a small amount of high-purity ammonia (SeaStar Inc.) then 
centrifuged for 3 min at 3,000 rpm (1460 x g) and decanted. The sample was resuspended in 5% high-purity nitric 
acid with 1ppm indium (In) and analysis was conducted on an Element two ICP-MS using an Aridus desolvator 
and platinum X-cones. Fe and Mn concentrations were calculated using the  57Fe for isotope dilution and In as a 
recovery tracer (Saito & Schneider, 2006). Precisions in the measurements were typically better than ±1.0 nM 
for Fe and ±0.2 nM for Mn.

3. Results & Discussion
3.1. Along-Axis Surveys of the Southern Chile Rise

Perhaps the most remarkable result from the initial tow-yo surveys conducted in 2010 (tow-yo tracks marked as 
white lines in Figures 1b and 1c) was that no in situ anomalies indicative of mid-water hydrothermal plumes were 
observed along the cumulative ∼93 km of survey. Shipboard and shore-based geochemical analyses for dissolved 
methane concentrations and He isotope composition also failed to detect hydrothermal signals throughout 
Segment 2 (Table S1). This was a surprise because prior work had shown that at least one site of high temperature 
hydrothermal venting should have been expected, statistically, during a survey of this length along an intermedi-
ate spreading-rate ridge (Baker & German, 2004; Beaulieu et al., 2013). While recent studies (Baker et al., 2016; 
Chen et al., 2021) have shown that additional low-temperature venting may exist along ridges of all spreading 
rates, our prediction for high-temperature hydrothermal vent incidence along this intermediate spreading-rate 
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ridge is robust – it relies on a model that has been sustained through nearly three decades of continuing ridge 
exploration since it was first proposed (Baker et al., 1996).

Within Segment 1, by contrast, analyses for these dissolved gas species revealed clear evidence for seafloor 
hydrothermal inputs (Figure 2). Mini-profiles of water samples were collected at five locations along the length 
of this segment at 45°51’S, 46°01’S, 46°08’S, 46°13’S and 46°16’S (positions labeled A through E in Figure 1c, 
respectively). Throughout the northern half of the segment (locations A, B & C) no evidence for hydrothermal 
plume activity was apparent and values for both tracers fell into the same background range as was observed in 
Segment 2 (Table S1). This was the case at least as far as 46°08’S where sediment begins to obscure the underly-
ing ridge-axis morphology (Blackman et al., 2012). Further south, however, at locations D and E a clear mid-wa-
ter plume is apparent in both the δ 3He anomaly profile and that for dissolved methane.

In both cases, the maximum anomalies observed are at a depth of ∼2700m with lower concentrations below and 
above that depth. Further, these anomalies occur at a height of ∼200–300m above the seafloor at the southern end 
of Segment 1 consistent with the heights of rise that might be expected for a hydrothermal plume rising above 
a high-temperature vent-source before attaining a level of neutral buoyancy and being dispersed by prevailing 
deep ocean currents (Lupton, 1995). For dissolved methane, the contrast between the background concentrations 
to the north of Segment 1 and the plume anomalies to the south are marked. Further, the range of concentra-
tions observed (20–50 nmol/L) is directly comparable to that observed for non-buoyant plumes overlying other 
high-temperature Pacific Ocean vent-sites (Lilley et al., 1995). Along the Chile margin, immediately to the north 
of the CTJ, thermal destabilization of gas hydrates beneath the sediments of the continental margin arises due to 
the increased heat flow that results from subduction of young oceanic crust. This thermal destabilization leads 
to the accumulation of large amounts of gas hydrate in an extremely thin bottom-simulating reflector layer at 
shallow depths within the sediment and can also lead to the release of dissolved methane via cold seep activity 
(Brown et al., 1996). At the southern end of Segment 1, however, the presence of δ 3He anomalies that are unam-
biguously indicative of a mantle source (Lupton, 1983) coincident with the mid-water methane plume provides 
strong evidence that release of dissolved methane, here, is not due to cold seep activity. A high-temperature vent 
source is most consistent with the combination of mid-water mantle-signature δ 3He and dissolved CH4 anomalies 
reported here.

Figure 2. Vertical profiles of (a) δ 3He distributions and (b) dissolved CH4 concentrations at each of locations A–E along the Segment 1 tow-yo trackline shown in 
Figure 1c. Error bars are smaller than size of symbol when not apparent.
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3.2. Hydrothermal Venting at the Chile Triple Junction

We returned to the southern part of Segment one in 2012 to continue our exploration for this inferred hydro-
thermal source. Those operations began with a repeat tow-yo along the southern portion of the section occu-
pied in 2010, between 46°16’S and 46°13’S (Figure 3) which, once again, revealed no in situ optical or redox 
anomalies indicative of hydrothermal venting but did exhibit mid-water plumes in δ 3He and dissolved CH4. For 
both dissolved gas species, highest mid-water plume concentrations were observed at the southern end of the 
survey, closest to the intersection of the ridge-axis and margin (Table S2). Next, to confirm that the methane 

Figure 3. Map of the southernmost portion of Segment 1, southern Chile Rise (contour intervals: 100 m). White line denotes 
track of 2012 CTD tow-yo that reoccupied the southernmost portion of the 2010 tow-yo (underlying black line). Circles in 
areas F, G, H refer to vertical CTD profiles discussed in text. F (white): Station sampled for δ 3He, CH4, TDFe & TDMn in 
2010; G (blue): Stations along the Chile margin (2012); H (yellow, red): Stations at the CTJ (2012). Red circle represents 
point of closest approach to seafloor venting.
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signals reported here were not related to cold-seep activity, a series of 4 vertical casts were occupied along the 
base of the scarp that defines the continental margin, immediately to the east of the ridge-crest (Area G). All 
samples from those mini-profiles yielded background values for both δ 3He (29.4 ± 0.4%) and dissolved methane 
(4.4 ± 1.4 nmol/L) comparable to values from northern Segment 1 (Figure 4, Table S2).

Three further sets of CTD-deployments were then undertaken, targeting 
the ridge-margin intersection at the CTJ (Area H). This yielded nine sets of 
vertical casts through the deep portion of the water column between 46°16’S 
and 46°17’S and between 75°46.5’W and 75°48.0’W (Table  S2). All of 
these stations showed plume-height δ 3He anomalies that fell in the range 
30%–40%, compared to background values of 25%–30% in northern segment 
1, and dissolved CH4 concentrations in the range 15–50 nmol/L, clearly in 
excess over background (Figure 4). For both tracers, maximum anomalies 
were observed at ∼2700m in a mini-profile that was occupied at 46°16.5’S, 
75°47.9’W, collected quasi-synoptically with four other mini-profiles as part 
of a single CTD deployment. At this location, δ 3He and dissolved CH4 values 
reached 38% and 46 nmol/L respectively, marking the highest concentrations 
detected during our 2012 investigations and converging with our highest 
values from 2010 at the same location (Figures 2 and 4).

From the much higher spatial resolution afforded from our 2012 surveys, we 
consider this location, as indicated by the red circle in Figure 3 (46°16.5’S, 
75°47.9’W), to be our point of closest approach, thus far, to the source of 
seafloor venting at the CTJ. As shown in Figure 5, all of our hydrothermal 
plume data collected over both expeditions, from throughout the southern 
Segment 1 region (46°13–16’S) fall on a single linear trend that characterizes 
samples from both years. This can be taken as indicative that there is a single 
source of venting generating the plume signatures observed and, further, that 
this source was invariant over the timescale of repeat investigations of the 
region, consistent with a high-temperature vent-source located precisely at 
the CTJ, where the southernmost Chile Rise ridge-axis is being subducted.

Figure 4. Vertical profiles of (left) δ 3He, and (right) dissolved CH4 concentrations measured in southern Segment 1 in 
2012. Color coding for symbols matches grouping of station locations shown in Figure 3. Blue = profiles from Chile margin 
with background values at all depths (Area G); Yellow, Red = profiles from Chile Triple Junction (Area H) that show 
hydrothermal anomalies in both δ 3He and CH4 at plume depths; Red circles = profile with the highest plume anomalies. Error 
bars are smaller than size of symbol when not apparent.

Figure 5. Plot of dissolved CH4 concentrations versus δ 3He values for water-
column stations at which hydrothermal plume anomalies were detected in 
both 2010 (Red Circles: Areas D, E, F) and 2012 (Blue Circles: Area H) all 
of which fall along a common linear trend (black line). Error bars are smaller 
than size of symbol when not apparent.
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However, if the methane and δ 3He anomalies at the southern end of Segment 1 derive from a high-temperature 
hydrothermal source, a question that arises is why we could not detect the presence of ionic species arising 
from chemical (redox) equilibrium between the vent-fluids and the water-column using our in situ redox sensors 
that were mounted on the CTD-rosette. Remembering that all the hydrothermal plume signals from this study 
coincide with the southernmost portion of Segment 1, where sediment cover is sufficiently thick to obscure all 
volcano-tectonic morphologies (Blackman et al., 2012) provides a possible explanation for these observations. 
Examination of a cross-section of suspended particle concentrations, as determined from transmissometer data 
collected during the initial tow-yo survey in 2010 (Figure  6a), reveals that in addition to the seafloor being 
covered in thick sediment as the ridge-axis approaches the continental margin (Figure 1c), the overlying deep 
waters are characterized by a benthic nepheloid layer south of ∼46°14’S that extends up to 2600m. These anoma-
lies, which increase progressively toward the seafloor, are quite distinct from the particle-laden mid-water plumes 
that are typically observed overlying high-temperature “black smoker” vents.

The inference that there is extensive sediment resuspension in the deep waters of southern Segment 1 is supported 
by our analyses from a vertical CTD-station that was occupied toward the center of this region of Segment 1 in 
2010 - station F (Figure 3). There, profiles for δ 3He and dissolved methane show diagnostic mid-water hydrother-
mal plumes (Figure 6b). Unlike those profiles, however, total dissolvable Fe and Mn data for the same samples 
show no coherent plume-like structure and, instead, exhibit a general increase toward the seafloor, reminiscent of 
the transmissometer cross-section (Figure 6a). Further, within the scatter of the data (which is far greater than the 
analytical precision of the measurements), there is even a suggestion that TDFe and TDMn concentrations exhibit 
a decrease at the depth at which highest δ 3He values and dissolved methane concentrations are observed. When 
interpreting these data, it is important to remember that TDFe and TDMn analyses were specifically adopted 
during early hydrothermal plume studies because this approach allows for the determination of both dissolved 
and recently precipitated Fe and Mn concentrations in hydrothermal plumes at mid-ocean ridge settings where 
minimal terrigenous sediment is to be expected (Klinkhammer et al., 1985). At the CTJ, by contrast, sediment 
cover south of ∼46°10'S is sufficient to mask any underlying volcano-tectonic morphology (Figure 1c; Blackman 
et al., 2012) and there is clear evidence for a thick benthic boundary layer that extends upward beyond the height 
of the non-buoyant hydrothermal plume height (Figure 6). This is important to consider because the level of 
acidification used during our sample processing was more than sufficient to redissolve the authigenic FeMn-ox-
yhydroxide component of any sedimentary material incorporated into our samples (Burdige & Komada, 2020; 
Bayon et al., 2002).

3.3. Evidence for Sediment-Hosted Venting at the Chile Triple Junction

A final consideration that arises concerning the TDFe and TDMn data reported here, is whether the absence of 
pronounced “black smoker” hydrothermal plume anomalies is because such signals are masked by the presence of 
inputs associated with sediment re-supension at the southern end of Segment 1, or whether such hydrothermally 
sourced metal enrichments are altogether absent. If the source of the δ 3He and dissolved methane concentrations 
observed at Station F was a typical “black smoker” vent, then we might predict plume-height CH4: Mn ratios 
in the range 0.2–1.0, as reported previously from the northern East Pacific Rise (Baker et  al.,  1994). In that 
case, for dissolved CH4 anomalies of ∼25 nM (Figure 6b) we might expect corresponding TDMn anomalies 
of 25–125 nM at hydrothermal plume height - much higher than the <10 nM TDMn concentrations that we do 
observe. Instead, we argue that a more analogous setting to consider here is the Escanaba Trough at the southern 
limit of the Gorda Ridge (Atwater & Mudie, 1973). Despite obvious differences in tectonic setting, what the 
Escanaba Trough shares in common with southernmost Segment one of the Chile Rise is that its axial rift-valley 
floor is also buried by terrigenous sediments, derived from the adjacent continental margin (Vallier et al., 1973). 
In early water column studies at the Escanaba Trough, Baker et al. (1987) reported plume-like dissolved methane 
anomalies, at 200–300m above the seafloor, with no accompanying enrichments in Fe or Mn. While that study 
did not collect helium isotope samples to confirm the hydrothermal origins of the methane plume, subsequent 
Alvin dives located active vents at the NESCA hydrothermal field, discharging hot, clear fluids at temperatures 
up to 217 ± 2°C (Campbell et al., 1994). Those fluids were distinct from other mid-ocean ridge vents because 
they were (a) situated atop a thick sediment pile and (b) both cooler than, and highly depleted in transition metals 
compared to, typical “black smokers”. Subsequent work showed that Fe and Mn are anomalously enriched in 
seafloor sediments at the same NESCA site, consistent with the sequestration of hydrothermally sourced Fe 
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and Mn that precipitate from the Escanaba vent-fluids into the sediments that the fluids percolate up through 
(German et al., 1995).

Of course, sediment-hosted venting has also been documented at other locations worldwide. The most similar 
to Escanaba Trough is perhaps the Middle Valley (Juan de Fuca Ridge) site where ocean drilling has led to the 
characterization of extensive horizons of polymetallic sulfide within the subsurface at that ridge segment, which 

Figure 6. (a) Vertical cross-section of deepwater particle anomalies overlying the southern end of Segment 1 as 
detected from in situ transmissometer data collected during 2010 CTD tow-yo. Highest particle concentrations (lowest 
transmissometer values) are observed at the same latitudes where volcano-tectonic seafloor morphologies are obscured by 
sediment (Figure 1c). Vertical red bar shows location of CTD profile “F” (Figure 3); (b) vertical profiles from location “F” 
showing (left) δ 3He values & dissolved CH4 with diagnostic mid-water hydothermal plumes and (right) total dissolvable iron 
& manganese concentrations that, by contrast, increase progressively toward the seafloor. Error bars are smaller than size of 
symbol when not apparent.
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is also buried in terrigenous sediments (Zierenberg et al., 1998). Methane in the Middle Valley vent fluids has 
been shown to be mainly derived from microbial interactions during recharge and in subsurface interaction zones 
within the sediment column (Cruise and Seewald, 2006). However, vent fluids that interact with sediments are 
typically characterized by a thermogenic methane input resulting in high concentrations of methane relative 
to mantle  3He inputs. This is not observed at the CTJ (Figure 5) suggesting that the high methane:metal ratios 
observed in this study are more consistent with removal of metals from the primary vent-fluid source rather 
than addition of methane from the overlying sediment column that it percolates up through. We note that this is 
quite distinct from the Guaymas Basin vents (Gulf of California) and the Auka vent field in the Pescadero Basin 
which are also sediment-covered hydrothermal vent systems but situated in organic rich, biogenic-dominated 
rather than terrigenous sediments (Paduan et al., 2018; Simoneit et al., 1992). The carbon source for the high 
methane concentrations released at these two vent fields is a combination of remobilized sedimentary carbonate 
and thermal breakdown of organic-rich sediments (Paduan et al., 2018; Simoneit et al., 1992). Other known sedi-
ment-influenced hydrothermal systems are also known but, again, these differ from what we have observed at the 
CTJ. At the Main Endeavour Field on the Juan de Fuca Ridge, extensive hydrothermal activity occurs in a bare-
rock setting that, nevertheless, exhibits vent-fluid compositions indicative of sedimentary input at depth (Lilley 
et al., 1993). The Loki's Castle vents, located on the ultraslow spreading Arctic Mid-Ocean Ridge, represent a 
second example of such a sediment-influenced class hydrothermal field. In the latter case, there is evidence that 
methane enrichments arise from thermal degradation of sedimentary organic matter buried underneath the axial 
volcanic ridge (Baumberger, Früh-Green, Dini et al., 2016; Baumberger, Früh-Green, Thorseth et al., 2016). A 
further example is the Minami Ensai vent-field at the Okinawa Trough, where – distinct from most other systems 
- sediment interaction is inferred to be occurring within the downwelling recharge zone of the hydrothermal 
cicrulation (Kawagucci et al., 2013). In all of these cases, however, the high methane concentrations observed at 
each vent-site are quite distinct from what we report here for the CTJ.

We hypothesize, therefore, that the CTJ hosts a very similar style of venting to that reported previously from 
Escanaba Trough; one in which high temperature vent-fluids circulating through young ocean crust at depth rise 
through the overlying sediment column, transporting their dissolved gas contents all the way to the seafloor but 
depositing their metal contents within the sediment column that they percolate up through. Upon reaching the 
seafloor, the emitted fluids – as at Escanaba Trough – remain sufficiently hot to form a buoyant hydrothermal 
plume that rises up above the seafloor until a level of neutral buoyancy is attained. This hypothesis would account 
for the generation of a plume that is enriched in  3He and methane but devoid of high metal concentrations dispers-
ing at mid-water depth away from a source of venting. In the case of the CTJ our inference is that the source of 
this venting is located at the seafloor close to 46°16.5’S, 75°47.9’W.

4. Conclusions
We have conducted systematic exploration for evidence of hydrothermal venting along the southernmost two 
segments of the Chile Rise, from the Guamblin Fracture Zone to the CTJ. Our results are consistent with a 
single source of high-temperature venting anywhere within this survey, at the southernmost end of Segment 1, 
immediately adjacent to where the mid ocean ridge-crest is being subducted, actively, beneath the Chile Margin. 
Hydrothermal plume signals in this vicinity are enriched in dissolved methane and helium isotope anomalies 
diagnostic of mantle influence in a mid-water lens consistent with a high-temperature vent-source at the under-
lying seafloor. But multi-beam bathymetry data for the same region provide evidence for thick terrigenous sedi-
ment sufficient to blanket neo-volcanic ridge axis morphologies. Further, optical back-scatter, TDFe and TDMn 
profiles overlying the sedimented southern-most portion of the ridge all show evidence for a benthic boundary 
layer, indicative of suspended sediment load, that extends upward from the seafloor to depths shallower than the 
hydrothermal plume layer. Importantly, however, the concentrations of TDFe and TDMn observed within this 
benthic boundary layer are not so high as to be able to mask what would be expected in the non-buoyant plume 
of a conventional “black smoker” hydrothermal vent. Instead, we conclude that the most likely source of venting 
at the CTJ is a sediment-hosted vent-site, emitting high-temperature fluids that are enriched in dissolved gases 
but depleted in dissolved metals. That vent-site, to within ≤1 km, is predicted to be located at the seafloor close 
to 46°16.5’S, 75°47.9’W.
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Data Availability Statement
All chemical oceanography data presented in this research (Figures  2,  4–6) are included in Supplementary 
Tables S1 and S2 and archived at the Biological and Chemical Oceanography Data Management Office: https://
www.bco-dmo.org. Processed seafloor bathymetry grids for the maps presented in Figures 1 and 3 are archived at 
the Interdisciplinary Earth Data Alliance (https://www.ieda.group): https://doi.org/10.1594/IEDA/100249. CTD 
data (including that presented in Figure 6a) are available from the Rolling Deck to Repository archive (rvdata.us) 
at https://doi.org/10.7284/109705 (MV1003) and https://doi.org/10.7284/107851 (MV1205).
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