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methanotrophy, are processes that modify the carbon isotopic composition (8'°C) of sediment CH, and CO,. To ‘ 2 Reactions Equation Reaction rate Inverse m?de"m of Orewla.ter rofiles Eer et ?l- 1998. = | | .
unravel diagenetic pathways in the sediments of an oligotrophic lake, we determined high-resolution vertical _50.0 moi4 IO;S 1;2 0 OM oxidation CH>0 + 0> — CO + Ho0 ROMsx Assuming steady state conditions and neglecting advection and bioturbation, the diagenetic equation is:
prOﬁleS of dissolved CH4 and COQ, as well as their 613C. The concentration prOfileS of CH4 and COZ were Water :IDD | Methanotrophy CH4 4+ Oxidant — CO2 + Reductant RMt //— Diffusion "\ where Cis the porewater concentration, Cw is the bottom water concentration, X is the
modeled, using a one-dimensional transport-reaction equation, to constrain the depth-intervals where these 0 P ey e SLLGEELCERLIEE OM 1 ot CH.0. + 7Hy0 — 7CH-COOH + 7CO» + 7H ROMS 0 JC\ Reactionrate | depth, @ is the porosity, Ds is the diffusivity, and Ruet is the bio-irrigation coefficient.
: : : : : : t N\ ermentation X z T 112 - 3 - 2 112 — — —
species are produced or consumed Iin the first 25 cm of the sedimentary column, and to estimate their net SSEEE T o ZOOH—>CH T CO, v \ax ¢Ds 1 ). T Ruet ') Equation 1 Diagenesis equation for a solute
production/consumption rates (Ryet) In each of the zones (Fig. 3). The comparison of CH4; and CO, R, €nables 3 cetoclasty 2 4
us to constrain, in each zone, rates for each diagenetic pathway. Then, fitting the measured &'°C profiles with il & , Hydrogenotrophy CO: + 4Hz = CHs + 2H:0 RHydro Eq. 1 1s resolved via a numerical procedure to:
L - - . . . =
those simulated by a steady-state transport-reaction model allows us to clarify the relative contribution of o1 Table 1: Reactions during early diagenesis. ® Constrain the depth intervals where solutes are produced or consumed
O

acetoclasty and hydrogenotrophy (Figs. 4-5). The model takes into account the constrained rates and 15 ® Obtain the net reaction rate (R,et) In each zone (red line in Fig. 3)

established isotope fractionation factors for all the above-mentioned processes. We conclude, after a sensitivity From Table 1, we can write:

. 13 . - .
analysis on fractionation factors and several possible scenarios, that nearly 100% of CH4 was produced by 20 and Modelling 6 "C profiles of CH, and CO, (from Alperin et al., 1988):
hydrogenotrophy following the non-fractionating fermentation of OM, represented by CgH4,0,, to CO, and Ho. I Similar to Eq. 1, the diagenesis equation for the solute containing the heavy isotop is:
* -Il 0 :;. -Il 0 1 In the zone of m3eth1anOgeneSiS (dark blue on Flg 3)’ and g a ac* A V\f/]hereI C'and R are t:e Eorewater concentration and the net reaction rate of
: - - : - : . * the solute containing the heavy isotop.
I NTRO D U CTI 0 N - R, (10™° mol cm™ s™) R__. (10 mol cm™ s™) h (in frI:OI Zm > ) md;]cate that, at least, some l(?H4| N .pros.uced %Y 1), (pDS 1).4 =0 Equation 2 Diagenesis equation for the « heavy solute »
Figure 3: Measured (symbols) and modelled (blue line) concentration profiles ydrogenotrophy. §sum|ng t é.lt _and are negligible In t_ S Z_One_’ . > <
Sediment diagenetic pathways influence the carbon isotopic signature (5'°C) of end-products: as well as net reaction rate (Rnet) profiles (red line) of CH, and CO,. there are several possible scenarios varying between methanogenesis being : and the fractionation factor a is given by: o — R/CL | ihere the index " is for reacting species
organic matter (OM) oxidation, 13 ® 100% hydrogenotrophic: - R*/C} | kquation 3 E e akion ¢
: ———— 5'°C of CO-, & CH - = : . my ] rr ) Equation 3 Expression ot the fractionation tactor a
{methanogene5|s & methanotrophy 2 4 Qhyaro = 1.075 [ Oaom = 1.005 Figure 4: Sensitivity analy Combining Eq. 2 and 3 we obtain: > /

and varies between and varies between sis of the §°C model with

4 4 ac*
1.050 ?! and 2] 4 and 1.031 4

In particular, the 3'°C of CHy, is largely affected as a result of the contrasted isotopic separation factor (€) of ® ~30% hydrogenotrophic: RC;

both methanogenic pathways: Eacet ~ -21%so Bacterial Methane Formation and Consumption |

Acetoclasty CH;COOH - CH4 + CO,
£Hydro ~ '75%0

3 N

respect to fractionation 9 ((pDS _aX) + pore =0 .
T T N - Eq. 4 is resolved via VAT| AR® N I ) Equation 4 Model for the estimation of 6°C
diagenetic pathways. Red | USINg @ modified diagenesis equation (see section MODELLING), | M

and blue lines are caleu-| 0'°C profiles of CHs and CO, were simulated, and parameters function to obtain a modelled 6°C 5'°C of reacting species
lated with default and| were calibrated to fit the measured profiles. Four scenarios were
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Hydrogenotrophy (€O, + 4H; —» CH, + 2H,0 é’_m P S tested values, respectively. | tested (Fig. 4) considering probable values for isotope fractiona-
(from Conrad etal., 2014) © | 2" &° 7 4 JFermentation <"_....——-7 - _g tion factors and rates of diagenetic pathways comprised within a
S 20 [ Mt i o = Qpcer = 1.020 11 - . |
| 3 _ | e 5 Ammmri e €o=s = i Acet ™ range of possible values. The best fit is Scenario 1 where
Thg precise quantlfl.catlon of dlagenetlc Pathways Is diffi- S a0 ! On‘ i § °g and v[azgles betweeg] methanogenesis is 100% hydrogenotrophic (Fig. 5).
cult given the complexity of early diagenesis. We often ob- % it » 1.030 '’ and

The application of a steady-state reactive-transport model following the inverse modelling of porewater
concentration profiles of CH4 and CO, (Fig. 3) allowed us to:

In this scenario, the simplistic model molecule CH20 is no longer
suitable to represent OM fermenting into CH,4. Based on our ap-

proach, the new model molecule and the net reaction for metha-
nogenesis are given by: ® fit the simulated profiles with those measured by calibrating isotope fractionation factors and esti-
CcHy,0, + 2H,0 — 4CH, + 2C0, mated rates for each diagenetic pathway (Figs. 4-5).

tain only a rough idea of the methanogenic pathway as

shown on Fig. 1. In order to fill this gap, we present here a 100 90 80 70 w0 50 40 30 20
513C-methane (%)

Figure 1: Combination plot of 6C of CH, and CO,

(from Whiticar, 1999)

® simulate the 3'°C profiles of CH, and CO, contained in the sediment of Lake Tantaré (Figs. 4-5).
5'°C modelling tool to quantify

the relative contribution of diagenetic pathways.
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® Sediment porewater of
Lake Tantare (Fig. 2A) were
sampled by in situ dialysis

® quantify the contribution of each diagenetic pathway including methanogenesis (hydrogenotrophy
5'°C of CH, and CO, (%o VPDB) and acetoclasty), methanotrophy, as well as OM oxidation and fermentation (Fig. 5).

Scenario 2
70% Hydrogenotrophy
30% Acetoclasty

® refine the stoichiometry of OM which ferments into CH4 and, consequently

precise the net reaction of methanogenesis: C;H{;0, +2H,0 - 4CH, + 2CO0,
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: Figure 2: A - Location map of Lake Tanta re, g - <‘T5 Figure 5: Measured (symbols) and modelled (blue |In6) 6 C proﬁles of CHy and Whiticar, M. J. (1999) Carbon and hydrogen isotope systematics of bacterial formation and oxidation of methane. Chemical Geology 161, 291-314.
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