
Why does carbon stabilization lag behind sediment redistribution? 
Single-grain luminencence dating and modelling insights
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B Burial Potential Across Catena Geometry
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Surface carbon input
Carbon is added at the soil surface:
C(x, 0, t + Δt) = C(x, 0, t) + I · Δt
where I is carbon input rate.

Carbon decay (depth- limited)
Decay occurs only in the active layer (z ≤z_active):
∂C/∂t = - k_decay · C
Discrete form:
C(t + Δt ) = C(t) · exp(-k_decay· Δt)

Erosion - driven SOC redistribution 
SOC loss due to erosion at the surface:
L = α · C(x, 0, t) · (1 − exp(-10 · w_e))
Update at eroding cell:
C(x, 0, t) ← C(x, 0, t) − L
Lateral transfer of eroded carbon:
C(x+1, 0, t) ← C(x+1, 0, t) + L

Burial as vertical advection
Burial velocity is proportional to deposition:
w_b= b · deposition
Define Courant number:
λ= (w_b· Δt) / Δz
Vertical advection:
C_i←(1 − λ) · C_i + λ · C_{i−1}

Vertical mixing (bioturbation)
SOC is redistributed vertically by diffusion:
∂C/∂t = D_v· ∂²C/∂z²
Discrete approximation:
C_i←C_i+ D_v· (C_{i+1} - 2C_i + C_{i -1}) · Δ t

In progress

Submitted

Sediment flux follows a linear diffusive formulation
q(x,t) = -D · ∂z/∂x
∂z/∂t = -∂q/∂x
∂z/∂t = D · ∂²z/∂x²

Erosion
w_e= max(0, -∂z/∂t)
Deposition 
w_b= max(0, ∂z/∂t)

SOC is represented as C(x , z, t)
where:
x = hillslope position 
z = soil depth 
t = time 
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Hypothesis :
all grains are well-bleached before burial
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steep short catena delivers and buries carbon efficiently

gentle catena promotes prolonged reworking and weak depositional trapping 
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1. Carbon flux = Sediment flux × Carbon concentration
2. No post-depositional soil reworking
Implication: erosion redistributes SOC, 
curvature governs carbon loss and accumulation (Kwang et al., 2022;
Thaler et al., 2021)
.

Common assumptions in landscape-SOC models:

Why does steep catena preserve more carbon than a gentler one?

Hypothesis 
SOC decouples from sediment when vertical mixing and decay 
control carbon residence time more than lateral transport.

Single grain luminescence

How to trace vertically and laterally moving sediment?

Passive transport: 
carbon moves with 
sediment

Reactive transport: 
carbon decays and decouples 
from sediment

Heterogenous bleaching of grains is governed by the 
competition between vertical mixing and lateral transport.

Mixing-dominantTransport-dominant

1D reactive transport model of organic carbon in sediments

How to trace vertical and lateral carbon gain/loss?

Xumin Pan1,2,4,*, Tony Reimann2, W. Marijn van der Meij2, Fei Yang3,4, Ganlin Zhang1,3,4* Xumin Pan: xpan@smail.uni-koeln.de

Carbon does not simply move with sediment!

Carbon becomes decoupled from erosion when its loss depends 
on residence time rather than sediment movement.

Next Step: Calibration  based on SG OSL data  /2D model ....
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