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1College of Oceanography and Ecological Science, Shanghai Ocean University, Shanghai, China,
2College of Geography and Environment, Liaocheng University, Liaocheng, China, 3Institute of
Surface-Earth System Science, College of Earth System Science, Tianjin University, Tianjin, China
Hadal trenches (> 6,000 m water depth) have been revealed as hotspots of

organic carbon deposition and mineralization. Here, we present the molecular

compositions of porewater dissolved organic matter (DOM) at the “Challenger”

Deep (Site MT02; 10,954 m water depth) sediments of the Mariana Trench and

the adjacent abyssal plain sediments (Site MT04; 5,800mwater depth) using ultra

high-resolution Fourier Transform Ion Cyclotron Resonance Mass Spectrometry

(FT-ICR MS). The "Challenger" Deep sediments are characterized by higher

abundance of recalcitrant compounds, mainly composed of highly unsaturated

compounds (79.7%) and carboxyl-rich alicyclic molecules (57.1%), compared to

the abyssal plain sediments (68.3%&51.5%). Principal component analysis

suggests that TOC content in the sediments exerts an important control on

the molecular characteristics of porewater DOM. It is likely that higher TOC

content triggers elevated microbial-mediated organic matter mineralization,

thereby forming more refractory organic matter compounds. These results

improved the knowledge of the poorly-understood DOM compositions

and microbial organic matter degradation in the ultra-deep, extreme

ocean environment.
KEYWORDS

molecular characteristics, dissolved organic matter, “Challenger”Deep, Mariana Trench,
FT-ICR MS
1 Introduction

Dissolved organic matter (DOM) in the ocean is the largest pool of reduced carbon on

the Earth, with a carbon stock estimated to be up to 662 Gt (Hansell et al., 2009). As the

intermediate product of particulate organic matter (POM) degradation in the sediments,

porewater DOM is partially transported to overlying bottom waters, while the rest is
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accumulated in the sediments (Burdige and Komada, 2015). It has

been estimated that the flux of dissolved organic carbon (DOC)

from coastal and continental margin sediments to the ocean water is

comparable to or even more than that transported by global river

systems (Burdige and Komada, 2015; Raymond and Spencer, 2015).

Therefore, porewater DOM can be important in regulating marine

DOM pool.

Despite of being overlain by oligotrophic surface waters in the

Mariana Trench area, the "Challenger" Deep, the deepest point of

the Earth’s surface, was shown to host enhanced microbial activity

and organic carbon turnover compared to the adjacent abyssal plain

(Glud et al., 2013). This is due to the funnel-shaped topography of

the trench and frequent mass-wasting events that promote the

accumulation of relatively labile organic matter at the trench axis

(Oguri et al., 2013; Wenzhöfer et al., 2016), thereby forming a

unique and diverse microbial population and hotspot for organic

matter degradation (Glud et al., 2013, 2021; Nunoura et al., 2015;

Leduc et al., 2016; Luo et al., 2017, 2018; Zheng et al., 2020). The

properties of pore water DOM are mainly influenced by the source

of POM, its degradation rate, and redox conditions (Blair and Aller,

2012; Burdige, 2007; Chen and Hur, 2015; Hu et al., 2021; Koch

et al., 2005; Schmidt et al., 2017), thus offering valuable information

about the microbially-mediated organic matter degradation

(Burdige and Komada, 2015; Chen and Hur, 2015; Chen et al.,

2016; Hu et al., 2023). It has been shown that sedimentary DOM in

the laminated diatom mats from the Mariana Trench was

characterized by highly degraded, low-molecular-weight, and

persistent DOM components (Hu et al., 2024). Using ultraviolet-

visible spectrophotometer, Hu et al. (2021) demonstrated an

enhanced production of more recalcitrant DOM in the Mariana
Frontiers in Marine Science 02
Trench axis compared to the abyssal plain sediments. However, the

understanding of the molecular characteristics of porewater DOM

in the Mariana trench axis sediments is lacking.

Here, we applied the ultra-high-resolution Fourier Transform

Ion Cyclotron Resonance Mass Spectrometry (FT-ICR MS)

technique to analyze the molecular compositions of porewater

DOM in the sediments of the "Challenger" Deep (10,954 m water

depth) and its adjacent abyssal plain (5,800 m water depth) in the

northwest Pacific Ocean. Consistent with the findings derived from

optical analysis of porewater DOM, our FT-ICR MS measurements

confirmed the production of refractory pore water DOM molecules

in the "Challenger" Deep. These new findings improved the

understanding of the compositions of porewater DOM and

microbial degradation processes of organic matter in the

extremely high-pressure marine setting.
2 Materials and methods

2.1 Sampling

During the 15th cruise of the Tansuoyihao launched by the

Institute of Deep-Sea Science and Engineering of the Chinese

Academy of Sciences in 2019, shallow sediment samples were

collected at the "Challenger" Deep Site MT02 at 10,954 m water

depth (11.327°N, 142.188°E), and its adjacent abyssal plain Site

MT04 at 5,800 m water depth (10.761°N, 142.274°E) in the Mariana

Trench using a lander (Figure 1). Short cores were subsampled

using a transparent PVC tube on board. The core lengths were 18

cm for core MT02 and 24 cm for core MT04. Sediments in both
FIGURE 1

Study area and locations of the sampling sites.
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cores were composed of silt and clay, and the "Challenger" Deep

core MT02 contained some diatomaceous debris (Luo et al., 2022;

Song et al., 2022). The sediment core was sub-sampled at 1 cm

intervals for Site MT02 and at 2 cm intervals for Site MT04.

Porewater was collected by using a pre-cleaned Rhizon sampler

with a pore size of 0.22 mm attached to a 20 ml syringe. Porewater

samples for FT-ICR MS analysis were stored in pre-combusted

brown glass bottles and then kept at - 20°C.
2.2 Solid phase extraction of DOM
(SPE-DOM)

Due to the small volume of pore water samples, all pore water

samples collected at Site MT02 and Site MT04 were combined into

two samples each to meet the requirement of at least 100 mg C of

sample for FT-ICR MS analysis. Given that the retrieved sediment

cores were within the oxic zone (Glud et al., 2013), the change in

redox condition had negligible impact on the molecular signature of

porewater DOM despite of the mixture of porewater sample at each

core. The solid-phase extraction of DOM was carried out by a

modified procedure according to Dittmar et al. (2008). Firstly, the

pore water samples were acidified to pH = 2 with HCl. Then, the

solid-phase extraction columns (Bond Elut-PPL, 100 mg, 3 ml;

Agilent Technologies, Germany) of the modified styrene-

divinylbenzene polymer were pretreated with ultrapure methanol

(Mass Spectrometry grade), ultrapure water, and hydrochloric acid.

The entire pore water sample was slowly passed through the

extraction columns and then rinsed with acidified water to

remove inorganic salt. Finally, the solid-phase extraction columns

were eluted with 1 ml of methanol and stored at -20°C in the dark

for subsequent FT-ICR MS analysis.
2.3 FT-ICR MS analysis and data processing

The FT-ICR MS analysis of pore water DOM was conducted on

a Bruker Solarix equipped with a 7.0 T superconducting magnet at

Tianjin University. Before analysis, all SPE-DOM samples were

diluted with a mixture of methanol and ultrapure water (1:1) to

achieve a final SPE-DOC concentration of 50~100 mg/g. The diluted
SPE-DOM samples were ionized using an electrospray ionization

source in negative ion mode at a flow rate of 150 mL/h. The capillary
voltage was set at 5 kV, and the mass-to-charge (m/z) spectra in the

range of 150-800 Da were obtained by scanning each spectrum

approximately 256 times, with the data acquisition transient lasting

for 4 M. The acquired mass spectra were analyzed using Data

Analysis software version 5.0 (Bruker Daltonics). Compounds

repeatedly identified in pore water samples within the mass-to-

charge ratio range underwent internal calibration, with a root mean

square error of internal calibration<1 ppm, ensuring reliable

molecular formula assignment: 12C (1-60), 1H (2-120), 16O (0-

30), 14N (0-3), and 32S (0-2). Furthermore, the molecular formulas

were further validated by limiting them to H/C ≤ 2.25 and O/C ≤ 1.2

based on elemental ratios.
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To reduce the complexity of the FT-ICR MS spectral analysis,

the molecular formulas were categorized based on their elemental

composition into four groups: 1) molecular formulas containing C,

H, and O atoms (CHO); 2) molecular formulas containing C, H, O,

and N atoms (CHON); 3) molecular formulas containing S

(CHOS); and 4) molecular formulas containing N and S (CHONS).

Additionally, a modified aromaticity index (AImod) and the

ratio of H/C to O/C were used to classify different categories of

molecular formulas into six compound groups (Koch and Dittmar,

2006, 2016): 1) saturated fatty acid compounds (H/C > 2, O/C <

0.9); 2) highly unsaturated compounds (AImod < 0.5, H/C < 1.5, O/C

< 0.9); 3) aromatic compounds (0.67 > AImod ≥ 0.5); 4) peptide-like

compounds (2 > H/C ≥ 1.5, O/C < 0.9, N > 0); 5) unsaturated

aliphatic compounds (2 ≥ H/C > 1.5, O/C < 0.9, N = 0); and 6) the

CHO-formulas matching the molecules were identified as carboxyl-

rich alicyclic molecules (CRAM) (0.3 < DBE/C < 0.68, 0.2< DBE/H

< 0.95, 0.77 < DBE/O < 1.75). Labile components generally exhibit

low degree of unsaturation and aromaticity with elevated H/C,

which are mostly bioavailable. Recalcitrant DOM molecules are

characterized by high aromaticity and unsaturation and an increase

in structural complexity, rendering them resistant to microbial

degradation. Here, we classified a series of compounds as labile

DOM compounds, including saturated fatty acids, peptides, and

unsaturated aliphatic compounds that exhibited low aromaticity

and unsaturation. In contrast, aromatic compounds, highly

unsaturated compounds, and CRAM were classified as

recalcitrant compounds (Hertkorn et al., 2006; Koch and Dittmar,

2006; Rossel et al., 2016). Additionally, the “island of stability” (IOS)

represents a specific range of elemental combinations (H/C = 1.17 ±

0.13, O/C = 0.52 ± 0.10, MW = 360 ± 28 and 497 ± 51 Da) where

compounds persist over geological timescales for 1.5 times the

average residence time of DOC (Lechtenfeld et al., 2014). The

AImod values were calculated as follows:

AImod =
1 + C − 0:5O − S − 0:5(N +H)

C − 0:5O − S − N

The overall stability of DOM was evaluated by calculating the

molecular stability index (MLBL, the number of formulas with H/C

> 1.5 divided by the total number of formulas) (D’Andrilli et al.,

2015). Each sample was normalized to the sum of FT-ICR MS peak

intensities. Then, the weighted average values of molecular

parameters and the proportions of the relative intensity of

different classes of molecular formulas were calculated. The

number proportion was obtained by dividing the number of each

chemical formula type by the total number of chemical formulas.
3 Results

3.1 Molecular diversity of DOM

3.1.1 Molecular formulas of DOM at the
"Challenger" Deep and abyssal plain

A total of 8,716 different molecules were detected, with

molecular weights mainly concentrated in the range of 150~600

Da. Porewater DOM at Site MT02 contained 7,405 different
frontiersin.org
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molecular formulas, and porewater DOM at Site MT04 contained

6,217 different molecular formulas (Table 1).

The proportions of molecular formulas of the four formula

groups (CHO, CHON, CHOS, and CHONS) in the DOM samples

from the two sites were similar, but there were significant

differences in the relative intensities (Figure 2). The relative

intensities of the samples containing CHO, CHNO, CHONS, and

CHOS chemical formulas in the pore water DOM of Site MT02

were 68.4%, 21.9%, 2.0%, and 7.7%, while those at Site MT04 were

62.7%, 21.4%, 1.8%, and 14.1%, respectively (Figure 2B). Notably,

the relative proportion of CHO chemical formulas of the DOM

from both sites was greatly lower than that of CHNO chemical

formulas (~11%), while their relative intensities were markedly

higher than those of CHNO chemical formulas and other

heteroatomic chemical formulas (> 40%). The relative intensity of
Frontiers in Marine Science 04
the CHO chemical formula in the DOM of Site MT02 is

significantly higher than that of Site MT04 (Figure 2).

The relative intensities of S-containing compounds (CHONS &

CHOS) of DOM at Site MT02 were lower than Site MT04, while the

relative intensities of N-containing compounds (CHONS &

CHNO) of DOM were similar (~23%) (Figure 2B).

The relative intensities of the highly unsaturated and CRAM

molecular formulas in the porewater DOM were 79.7% and 57.1% at

Site MT02 and 68.3% and 51.5% at Site MT04, respectively (Figure 3B).

The proportion of the most stable IOS compounds in the pore water

DOM at Site MT02 (5.9%) was lower than that at Site MT04 (6.7%),

but the relative intensity at Site MT02 (15.3%) was higher than that at

MT04 (12.9%). The proportions and relative intensities of saturated

fatty acids and unsaturated aliphatic compounds, which represent two

types of relatively labile compounds, were low; however, their relative

intensities at Site MT04 are significantly higher than those at Site

MT02. Overall, the proportions and relative intensities of refractory

compounds of the pore water DOM in Site MT02 are 81.5% and

84.3%, which were higher than those at Site MT04 (74.0% and 73.6%,

respectively) (Figures 3C, D).

The Mwa in the pore water DOM samples from Site MT02 was

higher than Site MT04. The values of C and N were similar at both

sites, but the values of H (Hwa = 22.18) and S (Swa = 0.10) at Site

MT02 were lower than those at Site MT04 (Hwa = 23.84; Swa = 0.17),

while the value of O (Owa = 8.87) was slightly higher compared to Site

MT04 (Owa = 8.11) (Table 1). Compared to Site MT04, the DOM

from the "Challenger" Deep Site MT02 had higher values of AImodwa

and O/Cwa and lower values of MLBL% and H/Cwa (Table 1).
3.2 Unique formulas of DOM in the
"Challenger" Deep and abyssal plain cores

The pore water DOM of Site MT02 and Site MT04 contained

4,906 common molecular formulas. After excluding the common

formulas from the total formulas at each site, there were 2,499 unique

formulas at Site MT02 and 1,311 unique formulas at Site MT04. The

DOM from Site MT02 had 1,188 unique formulas more than Site

MT04, indicating a greater diversity of compound types which were
FIGURE 2

The relative proportions (A) and intensities (B) of the four formula groups (CHO, CHON, CHONS and CHOS) in two sites. Types of molecular formula
and relevant parameters at the "Challenger" Deep and abyssal plain sites.
TABLE 1 Relevant formula parameters derived from FT-ICR MS analysis
from the two sites.

Parameters MT02 MT04

Total number of formulas 7,405 6,217

Total number of
unique formulas

2,499 1,311

H/Cwa 1.28 1.38

O/Cwa 0.51 0.46

AImodwa 0.20 0.15

DBEwa 7.73 7.13

Mwa 383.28 377.47

Cwa 17.64 17.86

Hwa 22.18 23.84

Owa 8.87 8.11

Nwa 0.36 0.36

Swa 0.10 0.17

MLBL% 17.19 28.10
Note: The subscript “wa” represents the weighted average.
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mainly refractory highly unsaturated and CRAM compounds. The

relative intensities of these two refractory compounds types with lower

H/C and higher O/C ratios (Figure 4) at Site MT02 (70.4% and 51.9%,

respectively) were significantly higher than those at Site MT04 (38.9%

and 29.7%, respectively) (Figure 5). In contrast to refractory

compounds, the relative intensities of peptide and unsaturated

aliphatic labile compounds were lower in the unique formulas of

Site MT02 compared to those of Site MT04 (Figures 5A, 5B), with

higher H/C and lower O/C ratios (Figure 4). Additionally, the relative

intensities of refractory compounds with CHO formulas in the unique

formulas of the pore water DOM at Site MT02 was 17.2%, and the

relative intensities of labile compounds were 4.9% (Figure 5C), which

were significantly higher than those formulas composed of the other

elements and unique formulas of Site MT04 (Figures 5C, D).
4 Discussion

4.1 Production and accumulation of more
refractory DOM components in the
"Challenger" Deep sediments caused by
intensified microbial activity

Sedimentary DOM is produced by microbial utilization of

particulate organic matter (Komada et al., 2013; Burdige and
Frontiers in Marine Science 05
Komada, 2015). Highly unsaturated compounds and CRAM are

ubiquitous because they are resistant to be degraded (Medeiros

et al., 2015; Martıńez-Pérez et al., 2017). The axis of the Mariana

Trench exhibited a higher mineralization rate and stronger

microbial activity compared to the abyssal plain (Glud et al.,

2013; Wenzhöfer et al., 2016; Luo et al., 2018). The elevated

microbial carbon turnover led to a production of more highly

degraded and persistent DOM fractions as indicated by the

increase in humification indices and absorbance ratios at the

trench axis cores (Hu et al., 2021).

The porewater SPE-DOM at both sites consisted mainly of

highly unsaturated compounds and CRAM (Figures 3A, B).

However, both the proportion of total molecular numbers and

relative intensity of these two groups of recalcitrant compounds

were significantly higher at the "Challenger" Deep Site MT02 than

those in the abyssal plain Site MT04 (Figures 3C, D), especially the

relative intensities of the extremely recalcitrant IOS compounds

(Figures 3A, B). This suggests that the enhanced microbial activity

at the trench axis may lead to increased production and

accumulation of refractory DOM.

Studies have shown that complex substrates and microbial

diversity contributed to the molecular diversity of DOM

(Chen et al., 2022). The number of pore water DOM unique

formulas at the "Challenger" Deep Site MT02 is significantly higher

than the abyssal plain Site MT04. Moreover, the unique formulas
FIGURE 3

The relative proportions (A) and intensities (B) of compounds at the two cores. The relative proportions (C) and intensities (D) of labile and refractory
compounds among all formulas at the two cores. Given that there exists overlap between labile and refractory compounds, the sum of their relative
fractions was unequal to 100%.
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types of DOM in the trench axis sediments were mainly highly

unsaturated compounds and CRAM (Figures 4A-D), while he abyssal

sediments contained more relatively labile peptides and unsaturated

aliphatic compounds (Figures 4E-H). The difference in the porewater
Frontiers in Marine Science 06
DOM molecular compositions may be associated with the diverse

microbial communities between the trench axis and abyssal plain

sediments (Glud et al., 2013; Nunoura et al., 2015; Wu et al., 2023).

The alternative explanation could be the presence of giant diatom
FIGURE 4

The V-K diagram of the unique formulas at Site MT02 (A-D) and Site MT04 (E-H). The typical compounds were represented by the color shades of
different regions (AR, aromatics; HU, highly unsaturated compounds; SFA, saturated fatty acids; UA, unsaturated aliphatic compounds and PE,
peptides). The polygon areas delineated by solid lines indicate CRAM compounds. The color code of each datapoint represents the relative intensity
of the formulas.
frontiersin.org

https://doi.org/10.3389/fmars.2024.1469547
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org


Zheng et al. 10.3389/fmars.2024.1469547
debris in the trench axis sediments. It has been suggested that the

hydrolysis and degradation of hydrocarbon compounds in the giant

diatom-bearing sediments in the southernMariana Trench sediments

could lead to the release of CHO-containing DOM components into

porewater (Hu et al., 2024). Therefore, the enhanced microbial

activity in the "Challenger" Deep likely generate a higher

abundance of refractory compounds, mainly CHO-containing

highly unsaturated compounds and CRAM.
4.2 The molecular characteristics of
SPE-DOM is likely impacted by
sedimentary TOC contents

The molecular composition of sediment pore water DOM at

different sites and water depths is highly diverse (Schmidt et al., 2017).

Understanding the potential controlling factors of these molecular

compositions is crucial as it can provide insights into the

biogeochemical processes and environmental conditions in different

marine settings. We performed principal component analysis

(PCA) >of our DOM data with published data at water depths from

30 to 2,300 m (Schmidt et al., 2017; Hu et al., 2023) and those from
Frontiers in Marine Science 07
the seaward slope of the Mariana Trench at ~7,000 m water depth

(Hu et al., 2024) (Table 2; Figures 6A, B). Molecular parameters

incorporated in PCA were all abundance-weighted averages.

Considering the potential offset in molecular parameters due to

instrument differences, prior to PCA analysis, we applied independent

sample t-tests to identify parameters that may have been greatly

affected by different instruments (see Supplementary materials).

To ensure that PCA analysis mainly reflects the real differences

between samples, parameters significantly affected by instrument

differences were not used in PCA analysis. Ultimately, H/Cwa,

AImodwa, and Nwa were included in PCA analysis.

The PCA results show that our data and those reported in

Schmidt et al. (2017) do not exhibit obvious grouping (Figure 6);

both located within the 95% confidence interval ellipse of Group 2,

likely suggesting a small influence of instrument differences on

analytical results. In addition, K-means cluster analysis was used to

verify that three parameters used for PCA analysis were not impacted

by artefacts among instruments (see Supplementary materials). The

sample from the "Challenger" Deep core MT02 is distributed within

the confidence interval ellipse of Group 1, while MT04 and MT03-1

are outside (Figures 6A, B). This implies that the "Challenger" Deep

sample is more similar to samples from shallower water (<2,300 m)
FIGURE 5

The relative proportions and intensities of unique formulas in the pore water DOM at the two sites MT02 (A) and MT04 (B). The relative intensities of
the four formula groups in labile and refractory formulas (C, D).
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than to those from the abyssal plain (5,800 m) and seaward slope

(~7,000 m). The correlation analysis shows that the TOC content in

surface sediments at different water depths has a significantly negative

correlation with the first principal component (PC1) (Figure 6C).

This suggests that the TOC content may be a key factor leading to the

differences in the molecular composition of the pore water DOM

among different marine environments.

Correlation analysis of the nine datapoints located within the

confidence interval ellipse of Group 1 showed that H/Cwa was

significantly negatively correlated with TOC content, and that

AImodwa was significantly positively correlated with TOC content

(Figure 7; red lines). This further suggests that TOC exerts an

important control on the molecular composition of DOM.

However, when the two datapoints outside the confidence interval

ellipse of Group 1 were included in the regression analysis, the

overall correlations were significantly reduced (Figure 7; black

lines). This is mostly due to higher H/Cwa ratios and lower

AImodwa in the abyssal plain (MT04) and seaward slope (MT03)

than those in the trench axis (MT02), which is likely associated

enhanced microbial activity and transformation of organic matter
Frontiers in Marine Science 08
(Glud et al., 2013, 2021; Wenzhöfer et al., 2016; Hu et al., 2021).

Through comparisons with published data, we suggest that TOC

content is likely a key controlling factor of pore water DOM

characteristics among different environments and that microbial

transformation can also play a role.
5 Conclusion

This is the first study that documented the molecular

composition of porewater DOM in the sediments of the ocean’s

deepest part. Compared to its adjacent abyssal plain at a water depth

of 5,800 m, higher abundance of highly unsaturated compounds

and CRAM in DOM contributes to the enhanced refractory nature

of porewater DOM in the "Challenger" Deep sediments. This

phenomenon is related to the stronger microbial respiration likely

caused by high TOC content. Our findings have implications for

understanding the microbial-mediated POM degradation processes

and the biogeochemical cycling of organic carbon in hadal

trench settings.
TABLE 2 Molecular information and data of sites involved in PCA analysis.

Site ID Site location
Latitude
(dec. °N)

Longitude
(dec. °E)

Sampling
method

Water
depth (m)

TOC
(%)

H/Cwa AImodwa Nwa

GeoB17306-1
Proximal Rhoˆ ne

River delta
43° 18.95' 4° 52.18' MUC 30 1.37 1.21 0.24 0.29

GeoB17307-5
Distal Rhoˆ ne
River delta

43° 18.23' 4° 51.54' MUC 52 1.15 1.22 0.24 0.28

GeoB17308-1 Gulf of Lions shelf 43° 16.20' 4° 43.79' MUC 62 0.91 1.26 0.21 0.34

GeoB15104-1 Marmara Sea 40° 47.97' 27° 43.49' MUC 600 0.78 1.25 0.21 0.39

GeoB17302-5
Cap de

Creus Canyon
42° 20.00' 3° 29.00' GC 746 0.58 1.27 0.20 0.39

GeoB15103-3
Eastern

Mediterranean Sea
33° 01.65' 32° 37.80' MUC 1,367 0.27 1.27 0.19 0.56

S05-1
Non-seep area of
the northern South

China Sea
– – GC 1,385 1.00 1.23 0.22 0.6

GeoB17304-3
Ligurian-Proveņ

cal Basin
41° 59.41' 4° 50.13' GC 2,291 0.15 1.30 0.17 0.70

MT04
Abyssal Plain
nearby the

Mariana Trench
10° 45' 142° 16' BC 5,800 0.26 1.38 0.15 0.36

MT03-1
Seaward slope of the
Mariana Trench

11° 4' 142° 15' GC 7,329 0.47 1.34 0.17 0.42

MT02
Axis of the

Mariana Trench
11° 19' 142° 11' BC 10,954 0.54 1.28 0.2 0.36
fro
The data of pore water in surface sediments of GeoB are from Schmidt et al. (2017), the data of S05-1 is cited fromHu et al. (2023) andMT03-1 is cited fromHu et al. (2024). The TOC contents of
MT02 and MT04 are unpublished data of Song et al. (2022). Only surface sediments were selected for comparison. MUC, multicorer; BC, box corer; GC, gravity corer.
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FIGURE 6

Principal component analysis of molecular parameters of pore water DOM. Biplot of PCA (A), score plot of PCA (B), and relationship between TOC
and PC1 score (C). The black dots are the data reported by Schmidt et al. (2017) (Group 1). The red dots represent data from Hu et al. (2024, 2023),
the "Challenger" Deep Site MT02 and the adjacent abyssal plain Site MT04 (Group 2).
FIGURE 7

Relationship between TOC and H/Cwa (A) and AImodwa(B). Data from Hu et al. (2023, 2024) and Schmidt et al. (2017) were compiled for regression
analysis. The red and black lines represent linear regressions of data with or without MT04 and MT03-1.
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