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What the dissolved benthic fluxes are?

 Fluxes of dissolved chemicals at the sediment-water interface

* Fluxes can be positive of negative that is released or adsorbed by the
seabed sediments

 They are generated by
« early diagenesis processes
* fluids from high sub-bottom depths S0,

* by volcanic or hydrothermal processes ___F__\___M____ﬁ____
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 Thebiogeochemical reactions and processes occurringin the uppercm of the

sediment

Early diagenesis engine

 due tofall and accumulation of organic (OM) and inorganic (IM) matter on seafloor
* Following organic matter deposition and degradation;
* Mineral dissolution
* Mineral precipitation
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OM consits of:

Marine POC (mPQOC), terrestrial POC (tPOC), aggregates or
flocs of DOC

IM consists of:
IC, SiOx, trace elements, pollutants, others

sedimento con camere bentiche e non



Ea rly d IagEHESIS prOcesseS Blue:final electronacceptors

Red:Organic matterdegradation
products

Aerobic biodegradation

5
. Oxic-Aerobic
i 2 (CH,0)106(NH,)16(H;P0O,)+1380, <=> 106CO,+16HNO,+H3P0,+122H,0
Anaerobic biodegradation
canorc | Denitrification (Nitrate reduction)
5(CH,0)106(NH3)16(H;P0,)+472HNO; <=>236N,+520C0O,+5H;P0,+886H,0
FeO, Oxi-hydroxi-Mn-reduction
5(CH,0)106(NH3)16(H;P0O,)+236Mn0O,+472H+<=>236Mn?*106C0O,+8N,+H;P0,>+336H,0
3 Oxi-hydroxi-Fe reduction
E (CH,0)106(NH;3)16(H;P0,)+212Fe,0;+848H+<=>424Fe?*106C0O,+8NH;+H;P0,3+530H,0
<
Sulfatereduction
smphidic" (CH,0)106(NH3)16(H;P0,)+5550,%<=>106C0O,+16NH;+5552"+H;P0,3+106H,0
Methanogenesis
Mothanic (CH,0)106(NH;)16(H4PO,) <=>53CH,+53C0O,+16NH;+H;PO,
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Schematic way of organic matter breakdown in anaerobic sediments

POM Particulate organic matter (POM) is initially hydrolyzed to High Molecular Weight Dissolved Organic
Hydrolysis _—L Matter (HMW-DOM), which is then further hydrolyzed and fermented to monomeric Low
d Molecular Weight Dissolved Organic Matter ( mLMWDOM).
HMW-DOM ‘

protewns, polysacchandes and other polymers

L
| pLMW-DOM|
]

m
Hydrolysis/

The terminal oxidation of mMLMW-DOM is coupled to the reduction of

terminal electron acceptors [largely sulfate (S04,) in marine systems, but
mLMW-DOM also iron and manganese oxyhydroxides (such as Mn(OH),, Fe(OH);) and

velatile fatry acids. amine acids,

bl oigercchardes snd Tﬂﬁ“f:“f'" Electron| nitrate (NOj3), producing dissolved inorganic carbon (DIC), methane (CH,),
other small compoands . GCEptGI‘S

g | sou®, Feomy, Oy ammonium (NH,*) and phosphate (PO,3) as terminal end products of
Tcnumalmbﬁlism
N

Fermentation

organic matter mineralization, as well as hydrogen sulfide (H,S), reduced

! iron (Fe?*) and Mn (Mn?*) and dinitrogen gas (N,) as the reduced forms of
Terminal Products
DIe O NEL PO S, Fob 18 the electron acceptors.

il

Some fraction of HMW-DOM is degraded into polymeric Low Molecular largely refractory and unavailableto the
sedimeWeight Dissolved Organic Matter (p)LMW-DOM) which is nt microbial community.
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Early diagenesis processes generate dissolved fluxes at the sediment-water interface
* Outward the sediment
* Inward the sediment

Factors affecting Early Diagenesis Processes
eHigh fresh organic matter contents
eHigh productivity
ePresence of Fe an Mn Oxi-Hydroxides
eHigh sedimentation rates
eFine grain-size
eLimited resuspension processes
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Dissolved fluxes at seafloorin volcanic environment
Panarea Volcanic Comples (PVC)

DIC fluxes
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in volcanic environment
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Stations

Graph of the DIC fluxes measured at seafloor
interface around the PVC.

Location and graphical view of the DICfluxes in

the Smoking Land Valley and the Secca dei Pesci. (Spagnoli et al., submitted) .
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The dissolved fluxes at the sediment-water interface can be measured or
calculated by different methods

e Measured
e In situ

* Benthic chamber deployments
* Eddy covariance

H 102 D 30 10:30:17 17706712

In situ benthic chamber Eddy covariance

It Segerices per W Artesone
i fowTa it

Pore water profile
* Inlab modeling
* Core incubations on deck oz s o1 G0
A Core incubations
on deck - .
: § oC: 79 02
incubation cores i
—> /i = —0OD;
* Calculated & ( oz >Z=O " wen
* Pore water profile modeling e o
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Basic principles to study early diagenesis

What d be nthiC Chamber IS processes by benthic chamber deployment
The benthicchamber measures the fluxes of dissolved substances at the sediment-waterinterface

* A benthic chamberis a box placed over the bottom N
sea with a sealed top and an open bottom; water samples ry

////| "hl

* Types of benthic chambers range from very simple
to very complex for shallow and deep 7
environments.

Schematic functioning
(animation) On the bottom

|

/-W

_
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The evolution of CNR benthic chambers g

:J.'he AMERIGO Lander and the Automatic Benthic
Chamber (CBA): Twno New Tnstruments to Measure
Benthic Fluxes of Dissolve.

Doug Hammond, 1984, USC, USA

Spagnoliet al., 2010
/

Hammond,
Giordani, Spagnoli & Spagnoli &
Frascari, 1984 Frascari, 198 Masini, 1996

e
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The present CNR benthic chamber an Lander
AdaN | R | Amerigo
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Ada N (Ada Natali, Massa Fermana (FM), 5 marzo 1898 — 27 aprile 1990. First woman major after WWII)

The automatic benthic chamber AdaN is made by a polymethylmethacrylate cylinder (80 cm ID, 33
cm h) closed on the top and open on the bottom

L1 AdaN is equipped with:

= A device for collecting water samples inside
or outside the chamber or to inject a tracer
inside the chamber (the VAMPIRE);

= A multiparametric probe (Hydrolab MS5) to
measure oxygen, pH, Eh, temperature,
conductivity  (i.e. salinity) inside the
chamber;

= Simple and commercial available electronic |}
(Idec MicroSmart FC6A PLC); :

= Batteries.
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AdaN deployment
AdaN can operate on the continental shelf (up to 200 m depth)

Deployment on the
sea bottom (by rope)

Recovery

Landing Bottom activity

29 08:13:28 17706712 H 102 D 29 10:57:57 17706712
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AdaN, Multiparametric probe data

Salinity and Temperature Oxygen and pH

GEOCAL14-2, Salinity, temperature GEOCAL14-2, pH, Oxygen
160 r 16,00 B.0O - 9.00
SO s S S 130 || | S
3 om] e g ™ w3
% :ﬁ:m ! /”/-J__— ! 15:u|:| E 5_ 6.50 - i ?-505‘
£ 3700 4 L 1480 2 z ! L 700
‘B 3690 1 L 14.60 E = 50 e
36,80 r 14.40 3.30 1 6,50
:ZZE : : i:ﬁﬂ 5.00 + - : : L 6.00
3024 33:48 1:1z 3:36 600 24 20:24 22:48 1:12 3:36 G:00 8:249
Time (hh:mm) ——Sallinity Temperature Time (hh:mm) ——pH =D Oxygen
PANA14-BP, Depth, ORP
24 200
.. 23 - 100
. Sallnlty. step Z 2 o s
° Increasmg temperature £ 5 \ -100 =
. a8 -200 &
. Decreas!ng pH 2 00
* Decreasing O2 21 . . . : 400
. 16:04 17:16 18:28 19:40 20:52
Changlng depth Time (hh:mm) :g:';th Depth and ORP
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Video CB
Landing

Da
tagliare
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The lander Amerigo

On board

Landing set up

Main components

3m

7
/
y
—'ﬁ-—-——————
f ¥ ‘

A lander is a device that reach
the sea bottom by controlled
falling due to the gravity
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Ihe Lanaer Amerigo

Main characteristics

- Amerigo is a lander (able to reach (by controlled gravity falling) and operate on
the sea bottom and return (by controlled buoyancy) to the surface autonomously;

-At present is configured for the measurement of dissolved fluxes at the
sediment-water interface, including dissolved gases, nutrients, metals and
pollutants;

-it is prepared to host other instruments for different monitoring and
measurement studies:

- sensors for water column (oxygen, pH, methane, PAHs, pCO,, H,S, turbidity,
fluorimeter);

- Instruments: microprofiler, (sediment-water interface properties), penetrometer
(mechanical properties of the surface sediments), gravimeter, wave and current
meter, corer.

Amerigo can operate from continental shelf to abyssal plain (up to
6000 m depth).
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Amerigo Equipment: Devices for the dropping, landing and rising

Ballasts for Controlled gravity falling

The buoy array
for the rising

Radio, flash and GPS for the recovery
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Amerigo
3 benthic chambers (for dissolved flux measurements at the sediment-water interface)

Benthic chambers
polymethylmethacrylate cylinder, 37.5 cm ID, 15 cm h;
Open lid;
Rotating paddle;
Collecting syringes;
Sensors;
Oxistat;
Landing carousel. Benthic chambers (lateral view)
Benthic chamber (top view)

- -
-

Sensors:
= Oxygen;
" pH;
» Methane;
= Turbidity.
Possible: pCO2, H2S, others?
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Amerigo equipment: devices for collecting water samples and oxygen replacement

VAMPIRE. Device for collecting water samples OXYSTAT. Device for replacing Glass ampoules for
inside and outside the chamber and to inject oxygen inside the chambers collecting gas samples
tracers N W\
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h V . Archivio-1_foto e filmatistrumenti- 1_da_elaborare-A_case
T evam plre 4_fi|mati-case4videorov-DVD3-videotslanciatutti-videg;csifo-
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. L

Exploded view

11:35:29  17/06-12
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Amerigo equipment: The electronic

The glass sphere housing of the electronic and
batteries (up to 700 bars)

The in house made electronic

" microprocessor Atmegal28, 2 RS232
ports, 1 RS485 port; 3 analogic ports, 19
on/off ports, in a glass sphere;

= 12V rechargeable Pb batteries in two
glass spheres.
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The Amerigo Lander: Other devices (to monitor the activity)

The video camera

(Telesub Lanterna)

The CTD
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AMERIGO at work

Controlled gravity Fall

On the bottom sea

Survey activity

!
Y

CASEA4
xH 202 D 28 : = 17706712

Qi 841 17406412
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AMERIGO: technical data

Drop Parameters (Amerigo) Fall rate: 0.5 m/s
06:34:51 06:35:34 06:36:17 Time
_5 1 ] M
N T 0.8
X [ \ o7 @
N S prrr————— \ + 06 -E;
E10 . 105 £
é; 15 \\\ 04 2
& 20 N - gg 2 Rising parameters (Amerigo)
25 141 O Time
30 | .s <] 09:28:48  09:36:00 09:43:12 09:50:24 09:57:36
35 L 01 0 | | | 08
—=—Depth[m] =———Velocity (m/s) 50 - 0.6
. 04 W
£.100 0.2 E
< 2
2. 150 - T
@ O
a 02 o
| 1 04 =
1 06
Rising rate: 0.2 m/s = Depth (m) ——Velecity(m's
SCUOLA DI GEOMORFOLOGIA, ECOLOGIA . 00 . .
EBIOLOGIA INAMBIENTE MARINO E INSULARE - TE {‘%SPRA o ea _U.dé

PONZA?

23.09.2022

It Segerioes per
£l Ao et




AMERIGO: Sensor data

Oxygen in Benthic Chambers 1, 2 and 3

Oxygen (uM)

340

Oxygen, Depth 21 m, North Adriatic Sea, 15 h incubation

320

300 -

280
260

O~

240

220
200

\

180

30/04/2013 22:00:00

01/05/2013 07:36:00

Time

01/05/2013 02:48:00

01/05/2013 12:24:00

—BC1 (Amerigo) —BC2 (Amerigo) —==BC3 (Amerigo)
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AMERIGO, Sensor data

Turbidity, Depth 21 m, North Adriatic Sea, 15 h incubation
1200
1000 —‘\
E 800 k
- [ ] [ ] [ ] [ ]
§ Turbidity in Benthic Chamber 1 and 2
2
400
200
01+ .
30/04/2013 22:15:00 01/05/2013 05:27:00 01/05/2013 12:39:00 Time
s BC1 (Amerigo) —+—lid closure and opening —BC2 (Amerigo)
CH4, BC 1, Depth 20 m, North Adriatic Sea, 16 h incubation
1.00 10.00
0.90 9.00
0.80 8.00
0.70 7.00
s 0.60 600 =
El 050 PP O oy s e i, it drtttined 5.00 3
oy : - v 0 3
z 040 /"“N—" 400 §
[ ] L]
030 = 3.00
o0 ] Methane in Benthic Chamber 1
0.10 1.00
0.00 ‘ : N 0.00
02/05/2013 08:24:00 02/05/2013 13:12:00 02/05/2013 18:00:00 02/05/2013 22:48:00
== CHZ (uM)
—e—closure and opening lids Time
—=— CH4 (lower scale)
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Video Lander

Amerigo
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Amerigo and AdaN: Water sample treatment and analyses

Laboratory

On bOa rd analyses | %4

Chemical analyses:

= Nutrients (NH;, NO5;, NO,, PO,, Si(OH),);
m Metals (Fe, Mn, Ca, Mg);

= DIC, Alkalinity;

= others (organic and inorganic pollutants,
other metals, etc.).

\

.\ _

Water sample separation and conservation
treatments in inert atmosphere for the
following chemical analyses

On board analyses
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Dissolved flux calculations

Dissolved fluxes at the sediment-water interface are calculated by:

e Dividing the concentration of each chemical species (measured in the water samples collected or measured
by probes, inside the chamber) by the time of collection/measurement

* Multiplied by the volume of the chamber
* Divided by the bottom area of the chamber

oC;
==t w/a

J = Flux at sediment-water interface

C;= Concentration of i*" chemical compound
t = time of measurement

V = actual volume of the chamber

A = bottom area of the chamber
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Diagram: time versus concentrations

3500 -
3000 -
2500 -
2000 -
1500
1000 ¢§
500 -

y =11452x + 1097
R?=0.9754

0.000 0.050 0.100 0.150 0.200 0.250

Time (days)

]:m*h

m = angular coefficient (slope) of the C;/A -t
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Determination of real internal volume of the chamber

The real volume of the chamber during the deployment is determined by injecting a tracer
(CsCl or deionized water) in the chamber - ,

C;= Concentration of tracer laboratory solution

V, = C, V, = volume of the tracer injected
Cy C,= concentration of the tracer inside the chamber &

V2, = actual volume of the chamber

\
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AMERIGO and AdaN data comparison

DIC surface concentration in Benthic
Chamber 1, 2, 3and AdaN (L.V.)

mmol/m2

DIC, North Adriatic Sea, 30 m depth, 23 h incubation

400 A
395
y = 12.904x + 379.66
390 = a
- .
y = 12.481x + 377.68
385
-//
380 1 =
* a
375 T T T T T
0.2 0.4 0.6 0.8 1 1.2
Days

T 760

T 775

T 770

DIC benthic fluxesin chamber1l, 2, 3 and
AdaN (L.V.)and previous data

BC1
765| * BC
= BC2
BC3
L.V.
Linear interpolation L.V.
+ 755 ——linear interpolation BC1
—— linear interpolation BC2
1 750 linear interpolation BC3
745

16 -
14 A

DIC flux (mmol/sgm*d)

12 A
10 -

DIC fluxes, North Adriatic Sea, 23 h incubation

o N ESN > (o)
1 1 1 1

@ Benthic chambers
B Average
O Previous data average

L.V.

BC1

BC2

BC3

Average Previous data
measurement average
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Sediment-water flux calculation from pore water chemical composition

Calculated benthic fluxes

The diffusive exchange of solutes through the Sediment-water

aC; @= porosity interface can be calculated from concentration gradientsalong
Ji=—0D;\ o= T : - the sediment water boundary by applying Fick’s first law of
0z D; = dif fusion coef ficent
Z= diffusion

(Berner, 1980)
dC;
92 concentration gradientsat the Sediment-water interface
z=0
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Early diagenesis studies

Early diagenetic processes are investigated by sediment cores collected by SW104 corer.

CORE SAMPLING PORE WATER EXTRACION PORE WATER ANALYSES PORE WATER MODELING

02 (919 m) DIC (pM)
A .

Sediment
collected by
SW104 corer

19

39 -
59 -

Pore water filtration, analyses . 02
separation and

99

Depth (em)

conservation

—Poli. (02)

treatment In Inert 1192000 SDIIJG 4IJIOD 5000 6000
Sediment core

i ian i atmosphere
AreTnE e -centrlfugatlon in P
atmosphere inert atmosphere
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4 In-situ profiling with a
| microprofiler (MPI
Bremen/AWI)

On-board profiling with
a microprofiler (CNR)

SCUOLA ESTIVA DI GEOMORFOLOGIA, ECOLOGIA
EBIOLOGIA INAMBIENTE MARINO E INSULARE - TERZA EDIZIONE
PONZA 20-23.09.2022

Early diagenesis studies

Pore water microprofilingat the
sediment-water interface
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Calculated benthic fluxes J

Fiotal = Faiff + Firr+ Fagv

where

F.ota1 i the total benthic fux

F4is molecular diffusion 200 300
F;. irrigation 0 |
F.q, advection 05 L
1 4
Calculated (diffusive) fluxes (mmol/m?*day) 15 ¢
0C; : ]
— Gradient at z=0
0z 25 + + .
z=0
. | |
First approach: CC.igw) Ciw) = Concentration of it chemical compoundin near sea bottom water
) Ciz1) = Concentration of i chemical compoundin in the first near surface core sediment sample
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Calculated benthic fluxes  o:etm DIC (M)
Frotal = Faiti + Firr + Faav -1
where
F.ota1 i the total benthic fux 19 1
F4is molecular diffusion
F., irrigation =
F.4, advection i 50 -
8
6—C=Dsﬂ —w(1+K)6—C +R,+1;,=0 @G i i : 79 - 02
5t 552 5, ) TRzt eneral diagenetic equation

(Berner, 1980) o0 |
Ds = diffusion coefficient —Poli. (02)
z = depth o | |
w = accumulation rate 2000 3000 4000 5000 6000
R ,= adsorpion-desorption
= irrigation

R, = constant C=Cy+a,z
dC;
R,= quadratic C=Cy+a,z+a,z* (E)
z=0

R,= exponential C =C,_ (1_ o b2 ) +C e
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Measured and calculated bethic fluxes

Measured fluxes from the Calculated fluxes from pore
benthic chamber waters
aCi aCl
= n=-on(3).

* Irrigation
* Bad definition of sediment water interface gradient
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Measured and calculated benthic fluxes

40] ®
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-804

BB EEB8IR R

g: Ammonia Benthic fluxes
E5
e 5 - Benthic fluxes generally decrease from Po
£ 14 River mouths (increasing distances from main
_2: Stations T sediment and nutrient sources, continuous
SEERBESBIBRALBMRA -‘_" sl reworking, lower primary production, less
g g % g NBEB35 reactive organic matter)
zg: DIC Benthic fluxes
40, - Negative DIC fluxes in central Adriatic and
e I I I lonian slopes (DIC sediment trap?)
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Tests and simulations

LIMNOLOGY A

and ~a

OCEANOGRAPHY o e
© 2019 Association for the Sciences of Limnology and Oceanography

doi: 10.1002/In0.11357

(dp)
g

Seasonal variability of calcium carbonate precipitation and dissolution
in shallow coral reef sediments

T — Laura Stoltenberg ©,"* Kai G. Schulz,” Tyler Cyronak ©,? Bradley D. Eyre ©'
70 gl e 1 !Centre for Coastal Biogeochemistry, School of Environment, Science, and Engineering, Southern Cross University, Lismore,
& 22 s, [ 23,44, ] New South Wales, Australia
s A afs g 2Halmos College of Natural Science and Oceanography, Nova Southeastern University, Dania Beach, Florida
5 ahel -23.45) ]
5 [ Abstract
-2 [ i

B Shallow, permeable calcium carbonate (CaCOj3) sediments make up a large proportion of the benthic cover

~[ia) L e 2347 ) J . on coral reefs and account for a large fraction of the standing stock of CaCOj3. There have been a number of lab-
10 TETE e ':ﬁgvuw r’E':Sml 1AL B 1B 1IS 10100 3L AT IR I8 191N oratory, mesocosm, and in situ studies examining shallow sediment metabolism and dissolution, but none of
o these have considered seasonal variability. Advective benthic chambers were used to measure in situ net com-
Eempen [ R munity calcification (NCC) rates of CaCO;3 sediments on Heron Island, Australia (Great Barrier Reef) over an
-1000 2000 o =20 -15 =10 -5 [ . . . . . . . .
annual cycle. Sediments were, on average, net precipitating during the day and net dissolving at night through-
out the year. Night dissolution rates (—NCCxygnr) were highest in the austral autumn and lowest in the austral
winter driven by changes in respiration (R) and to a lesser extent temperature and Qur,g/pH. Similarly, precipita-
tion during the day (+NCCpay) was highest in March and lowest in winter, driven primarily by benthic net pri-
mary production (NPP) and temperature. On average, sediments were net precipitating over a diel cycle
(NCCz4n) but shifted to net dissolving in July and December. This shift was largely caused by the differential
effects of seasonal cycles in organic metabolism and carbonate chemistry on NCCpay and NCCuigur. The
results from this study highlight the large variability in sediment CaCOz dynamics and the need to include
repeated measurements over different months and seasons, particularly in shallow reef systems that can experi-
ence large swings in light, temperature, and carbonate chemistry.

(c)

Stirring disk
Advective flow
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Benthicchambers and landers

c

Glass floats (1 of 8)
Side and front views of the chamber assembly. Mah bales release (

Secondary ballast release
® (1 of 3)

Electronics pressure case

Sampling racks
Syringes
Expendable ballast
@ Chamber & and
stirring mechanism

@ Chamber & chamber scoop

(@]

@

” :
I

{

T
X

i

C
L

2
Titanium chamber (9) ® <~ ®

chamber lid (10), \“/ @ \H/
gasket in the upper edge of the chamber against which the lid seals (11)
chamber water stirring mechanism (12)
scoop for recovering the sediments within the chamber at the end of the experiment (13)
hydrauliccylinder (1 of 2) which closes the scoop (14)
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Other benthic chambers

Gotheborg benthic Benthic chamber with
lander recovery syringes samplers
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The KIOST benthic lander ee etal, 2015

Specification
Frame materials SUS312
Chamber materials PVC
E;‘::lll:?if;i:::iﬁz Egosf;g Belc/l: Chamber, water sampler,
Positive buoyance (kg) 6 and controller with power supply)
Chamber area (cm?) 841 is installed inthe lower part of the
Sturing speed (rpm) 30-35 banthi ndar (B
Acoustic release Teledyne Benthos. 865-A
DC power (V) 17V
DO sensor Aanderra Oxygen Optode 4330DW

Ballast pocket -

Recovery of the benthic lander (A) B&
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Ultra-landers (11000 m depth)

T R T

T20E 135 150

o ST S — 10°s 0 =0.6415x+ 201,48 w2 = 0B TR + 200,93
132°E 136°E 140°E 1 44°E 148°E 152°E 156°E 160°E 164°E e Re=osmse 200 1 "erensses
Figure 1. (a) Locations of availablein situ benthic O flux data from hadal settings. The black dots represent the sites reported in Wenzhoferet al. (2016). Ti = ? 0.
are the lander deployment sites of this study. The yellow dot represents the overlapped site of this study and Glud et al. (2013). (b) Overview of the stuc 104 £ m_:’n ———

‘. Mussau Treﬁch
(MSTOA)

16°N

10°N

5°N
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ADVANCING

EARTHAND
SPACE SCIENCE

Geophysical Research Letters

RESEARCH LETTER
10.1002/2017GL076232

Key Points:

« Total oxygen uptakes were measured
for the first time in hadal trenches.
using In situ benthic chamber
incubations

+ Data compilation from hadal trenches
suggests that rates of benthic carbon
mineralzation reflect the surface
ocean productivity

+ However, factors governing the
diagenetic activity in hadal trenches
apparently include supply of
terrestrial organic material

Supporting Information:
+ Supporting Information S1

Correspondence to:
M. Luo and B. Pan,

Benthic Carbon Mineralization in Hadal Trenches:
Insights From In Situ Determination of Benthic
Oxygen Consumption

Min Luo'?* (), Ronnie N. Glud** (", Binbin Pan' (), Frank Wenzhéfer®” (1), Yunping Xu' (),
Gang Lin', and Duofu Chen'?

'Shanghai Engineering Research Center of Hadal Science and Technology, College of Marine Sciences, Shanghai Ocean
University, Shanghai, China, “Laboratory for Marine Geology, Qingdao National Laboratory for Marine Science and
Technology, Qingdao, China, *College of Earth Science and Engineering, Shandong University of Science and Technology,
Qingdao, China, *Nordic Centre for Earth Evolution, University of Southern Denmark, Odense, Denmark, *Department of
Ocean and Environmental Sciences, Tokyo University of Marine Science and Technology, Tokyo, Japan, *Max Planck
Institute for Marine Microbiology, Bremen, Germany, “Alfred-Wegener-Institute Helmholtz Center for Polar and Marine
Research, Bremerhaven, Germany

Abstract Hadal trenches have been proposed as depocenters of organic material and hot spots for
organic matter mineralization. In this study, we for the first time quantified the total benthic O, uptake in
hadal trenches using in situ chamber incubations. Three trenches in the tropical Pacific were targeted and

miuo@shou.edu.cn; exhibited relatively high diagenetic activity given the great water depths, that is, the Mariana Trench

Ebomgnolsdien (2.0 x 10% umol O, m~?d ™", 10,853 m), the Mussau Trench (2.7 + 0.1 x 10 umol O m > d ™", 7,011 m),
and the New Britain Trench (6.0 + 0.1 x 10? umol O, m 2d ', 8,225 m). Combined with the analyses of total

Citation: organic carbon and 5'3C of total organic carbon in the and ly published in situ O,

Luo, M, Glud, RN, Pan, B, Wenzhofer,
F. Xu, Y, Lin, G, & Chen, D. (2018).

Benthic carbon mineralization in hadal
trenches: Insights from in situ determi-
natian of henthic axvaen cancimotion

microprofiles from hadal settings, we suggest that hadal benthic carbon mineralization partly is governed by
the surface production and also is linked to the distance from land. Therefore, we highlight that
terrestrial organic matter can be of i ein ining benthic ¢ in some hadal settings.
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locations of lander deployment sites reported in this study (red dots). (c) Picture of the lander (Lander-ll) prior to deployment.

Figure 2, O, concentrations measured d.ming chamber deployrnents at the tench axes of the (&) Mariana Trench, |b and ¢ the Mussau Trench, and the [d and e}

Trench. Th the lid: losed started. Stralght lines represent the linear regression fits to the measured
0y concentrations. Due to malfunctioning of the newly customized optodes. we only successfully obtained one set of O3 data from the Mariana Trench and two
sets of Oz data from the Mussau Trench and the New Britain Trench, respectively. Data were provided by one oxygen optode in each chamber.
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(A) Autonomous Underwater Vehicle (AUV ABYSS);
(B) Ocean Floor Observing System (OFOS);
(C) Remotely-Operated Vehicle (ROV Kiel 6000);

(D) teleoperated crawler of ONC (Ocean Networks Canada:
http://www.oceannetworks.ca);

(E) stationary lander system (these can also be equipped with baited
traps, as shown in the image).

Brandtet al., 2016
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Cuttingthe Umbilical: New Technological Perspectivesin
Benthic Deep-Sea Research

Autonomous seafloor vehicle:
combination of central lander and mobile
robot for operations of up to 6 km

the crawler returns to the central station to
transfer the data and recharge it batteries
(http://www.robex-allianz.de/en/).

Source: Geomar; design: Meyer.
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.| University of Camerino Federico Spagnoli, Ph. D. - Marine Geology Course

CNR - IRBIM

OSMO Sampler

- IE NIRRT TR
Fluid Sampler - Ter

e 4

Regional Scale Nodes study sites (Hydrate Ridge)

The real-time interactive capabilities of the cabled observatory are critical to studying gas-hydrate
systems because many of the key processes may occur over short time scales and will require adaptive
response and sampling capabillities that include fluid sampling, increases in data accumulation rates and

Imagery from cameras, and in situ manipulation of chemical sensors (OOI Website).

@

Hydrate Ridge
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Technology development

Pressured-core-sampling systems (Abegg et al.,
2010; DAPC, Pape et al., 2010);

Example of Pressure Core Sampler

Cutting
-~ Barrel

MeBo-Pressure Core Sampler (MDP, left and middle)
for use with MeBo and MDP foruse in free-fallmode
(right). BMWIi Project SUGAR I

micAutocl istonCoret
S%TE‘, i3 GEQNIO ECOLOGIA :
106 EN'BM é SULARE - TERZA EDIZIONE & ISPRA X°
NeWAresd88% es in the gas hydrate field, Rome, 19/09/2014, CNR-CAGE-MISE-RSE meeting
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Special funnel to collect
samples of natural gas
bubbling up from the
seafloor. Image: © 2003
MBARI

Intensive Porewater Sampling for Detailed Hydrate
Distribution

The absolute quantity of natural gas within the core, whether
dissolved in pore fluid, frozen in hydrate, or even present as

free gas, can be measured in the laboratory through
controlled depressurisation experiments. (GEOTEK Ltd)
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