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1. Distribution of sites and calculation of sedimentation rate

1.1 Distribution map of sites analyzed in this paper.

We selected the sedimentary OM data distributed on the global shelf, slope and abyss sediments,
and fitted the OM depth-profiles with the lognormal RCM (Fig. S1). The detailed information of

these sites is shown in the Table S4.

Fig. S1. Global distribution of investigated sites. The red dots are the location of the site. These
sediment cores include gravity, multiple corer or others coring device. Considering the
simulation analysis requires sediment core data from the sea-water interface (SWI) to the
bottom of the sediment (the major length of the samples analyzed in the paper ranges from
10cm to 1000cm), the number of sites collected is limited, while they still cover the shelf, slopes
and abyss regions.

1.2 Empirical formula of ocean water depth and sedimentation rate.

We collected sedimentation rate data in surface sediment at more than 600 sites(Arndt et al., 2013;
Betts and Holland, 1991; Colman and Holland, 2000; Egger et al., 2018; Seiter et al., 2004), and
chose the model as following (equation (S1)) from (Burwicz et al., 2011).
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when w1=0.1, z1=200, c1=3.3, w2=0.001, z2=4500, c2=11.4, the best fitting effect is obtained

shown as Fig. S2.
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Fig. S2. Sedimentation rate (w) as a function of water depth (7). The date taken from (Arndt
et al., 2013), (Egger et al., 2018), (Betts and Holland, 1991), (Colman and Holland, 2000), and
(Seiter et al., 2004) are shown as black, pink, red, green and blue circles. The pink line is the

fitting result, defined as equation (S1) (R?=0.57). The black line is obtained from Burwicz et
al., 2001 (R*=0.43).

2. Comparison of fitting results between gamma-RCM and lognormal-RCM
We compared the fitting results of gamma RCM (y-RCM) and lognormal RCM (/-RCM) through
eight sites of sediment OM depth-profiles (Boudreau and Ruddick, 1991) (Fig. S3). The coefficient

of determination (R?) is an index that evaluates fitting results (Table S1).

Table S1. List of model parameters and coefficients of determination (R?) for the fitting result

of »-RCM and /-RCM.

y-RCM I-RCM
Core
v a R? Vi c R?

Foam 0.152 4.2 0.930 2.2x10% 3.725 0.923
SCR-44 0.202 70.4 0.929 4.4x10* 2.706 0.922
BX-6 0.278 22.5 0.929 2.24x1073 2.031 0.936
PC2&TW?2 0.052 0.16 0.937 5.5%107 6.688 0.947
10141&2 0.193 10184 0.935 1.9x10°° 3.289 0.936
7706-41K 0.910 141.3 0.974 9.5x1073 0.899 0.972
7706-36 0.804 231.7 0.978 4.79x10™ 1.089 0.980
DSDP58 1.080 20224 0.917 6.11x107 1.663 0.921
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Fig. S3. Fitting results of /-RCM and y-RCM. The pink dots are the measured OM data, the
red lines are /-RCM fitting results, and the blue lines are y-RCM fitting results.

3. Parameter sensitivity analysis for -RCM and y-RCM

In /-RCM, two parameters are used to describe the process of OM degradation. The position of the
peak point In(x) is the most important factor to control its distribution range. Compared with o, the
OM degradation curve is more sensitive to 4. Parameter # plays a dominant role and determines the
residual amount of OM after a period of time, while o shape of the curve in a small range (Fig. S4)
and larger value of ¢ means wider distribution of £.

Based on our fitting of 123 globally distributed OM data, as well as OM degradation in terrestrial
soils and OM degradation in the laboratory, we found that the value of u varies between 10 and 10
yr'!, with the value of ¢ mainly concentrated between 0 and 6. According to the characteristics of
the lognormal distribution, 95.45% of the area was within two standard deviations (20) of the mean
left and right (Fig. S4). When ¢ equals 6, the reactivity distribution spans almost 12 orders of
magnitude, which is sufficient to describe the composition of the different reactivity OM.

0.3 . .
In(u)
é 0.2 i
= :
X .
0.1 ':’
03— 2
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Fig. S4. Schematic diagram of lognormal distribution.
In y-RCM, the parameter a was considered the key parameter and controlled the OM degradation
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process. However, we suggested that v is the most important parameter. First, v controls the shape

of the gamma distribution, mathematically. When v<1, the gamma distribution is divergent and tends

to infinity near 0. When v=1, the gamma distribution is convergent (Fig. S5).
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Fig. S5. Schematic diagram of gamma distribution.

Additionally, we did parameter sensitivity analysis for }-RCM and /-RCM, respectively. The results

shown that when v is fixed value, the parameter a can vary over a wide range (from 10000 to 20000)

while maintaining a relatively good fit (R>>0.9). However, when a is a fixed value, the variation of

parameter v can cause a large fitting error. The results were shown in the Table S2 and Fig. S5.

Besides, we found when both @ and v had a huge change, y-RCM can also obtain a good fit result,

as shown in the Fig. S8.

Table S2. Fitting results of parametric sensitivity analysis of y-RCM

Sensitivity analysis of y-RCM

BX-6 v=0.278 a=12.5 R=0.82 | DSDP58 v=1.08 4=10224 R>=0091
a=22.5 R?=0.93 a=12224  R>=0.92
a=32.5 R*=0.86 a=14224  R’>=0.93
a=42.5 R*=0.74 a=16224  R>=0.92
a=52.5 R*=0.61 a=18224  R>=0.92

a=20224  R>=0.92
a=225 1v=0.178 R>=0.56 a=20224 1=0.68  R>=0.63
v=0.278 R>=0.93 v=0.88  R>=0.84
v=0.378 R>=0.76 v=1.08  R>=0.92
=128  R>=0.93
=148  R>=0091
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Fig. S6. Parameter sensitivity analysis of y-RCM.

a=20224

The [-RCM best-fit parameters are well fixed. According to the parametric sensitivity analysis, we
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found that very small changes in parameters # and ¢ can cause large errors in the fitting results. The

results were shown in the Table S3 and Fig. S7.

Table S3. Fitting results of parametric sensitivity analysis of -RCM.

Sensitivity analysis of -RCM

BX-6 u=2.24 0=1.031 R>=0.71 | DSDP u=6.11 0=0.663 R>=0.87
x107 0=2.031 R>=0.93 58 x10° 0=1.663 R>=0.92
0=3.031 R>=0.88 0=2.663 R*=0.88
0=4.031 R>=0.83 0=3.663 R*=0.81
6=2.031 u=124x10° R>=0.62 o=1.663 1=3.11x10°  R2=(.86
u=224x10°  R2=0.93 u=6.11x10"°  R2=0.92
u=3.24x10°  R2=0.89 p=9.11x10°  R2=0.87
(=4.24x10°  R2=0.82 p=12.11x10°  R?=0.82
Site BX-6 (-RCM) Site DSDP 58 (I-RCM)
Com (mmol g1 Com (mmol g Com (mmol g1 Com (mmol g'1)
GCl 5 10 15 20 CIG 5 10 . 15 20 0 0.1 02 D.} 04 GG 0.1 0.2 D)j 0.4
10 10 )
50 50
o 20 = /
% a0 a0 g 100 100
g 40 40 9 "g 150f] 150} (B
A s 50 ; - 1 2 B =0.663 3 —12.11x10%
. - IS mldl o | sl — kb
N ] N :,’:;i;%ii}& - N — 0=3.663 . — u=3.24x10°
p=2.24x10"3 6=2.031 4=6.11x10"° 6=1.663

Fig. S7. Parameter sensitivity analysis of /-RCM.
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Fig. S8. A: pink circles are measured OM date. The red solid (#=2.23x1073, 6=2.03, R*=0.93)
and dotted lines (#=2.23x1073, 6=1.03, R’=0.82) are the results of -RCM, the blue solid
(v=0.278, a=22.5, R>=0.93) and dotted lines (v=0.5, a=53, R*=0.91) are the results of y-RCM.
B: pink circles are measured OM date. The red solid (#=6.11x107, 6=1.66, R?=0.92) and
dotted lines (u=8.8x10%, 6=1.36, R?=0.78) are the results of -RCM, the blue solid (v=1.08,
a=20225, R*=0.92) and dotted lines (v=0.5, a=4024, R*=0.89) are the results of 9-RCM.

4. Distribution of regional OM reactivity at the SWI

If we consider the content of OM in regional or global surface sediments as a whole (Gw(0)), the

degradation of OM on a regional or global scale can be reasonably assessed in combination with its
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reactivity distribution. The distribution of OM reactivity at the regional to global scale, F(£,0), can
be expressed as:

S
i1 21 G.(0)
where Gj(0) is the content of OM at the SWI of each grid cell (3} G;(0)= Gw(0)) and gi(k,0) is its

reactivity distribution.

(82)

We collected data (including OM content in surface sediment and water depth) from 5,600 sites
located in the global ocean (Fig. S11) (Seiter et al., 2004). First, we divided the ocean into 30 regions
based on Seiter et al., (2004). According to the empirical relationship for x, o, sedimentation rate
and water depth (Fig. S9 and S10), we obtained OM reactivity distribution within 5600 sites.
Notably, the higher empirical relationship between OM reactivity and sedimentation rate (as black
lines in Fig. S9 and S10) were applied in the EWTP, ARBS, NWAM and SWAF regions. Then,
based on sites in different regions (Fig. S11), the distribution of the overall OM reactivity in different
regions were obtained (Fig. S12). The higher and broader OM reactivity distributions were shown
in the SWAF and NWAM regions, while they also have high mean TOC content in surface sediments,
2.5 wt.% and 1.7 wt.% (Table 1 in the main text), respectively. The ARBS region consists of 25%
of shelf and 75% of abyss region, thus its overall reactivity distribution is smaller than the SWAF
and NWAM regions. Despite the high mean TOC content (~1.21 wt.%) and reactivity of surface
OM in the EWEP region, the relatively homogeneous source of OM makes its relatively narrow
reactivity distribution.
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Fig. S9. The empirical relationship between sedimentation rate and # in /-RCM. The red dots
are the calculated values of 4, and the blue and black lines are the linear regression curve in
the log-log coordinate system. The black line was used to calculate u for sites in the EWTP,
ARBS, NWAM and SWAF regions. The remaining sites were calculated using the blue line.



125
126
127
128
129
130

131

132
133
134

T T T T

=0.748(0.23)x1og(W)+5.736(:0.53)
- R=0.21 .

© T 6=0.504(20.18)xlog(w)+3.767(x0.48)
Greenland sea, o
SWAF O

] o
0 —l—l—l-Llllll—l—l—ulllllil—l-lﬂlS—l—l—l—Llllll—l—l—l—Llllll T | AR |
10 10 104 108 102 101 10° 10!
Sedimentation rate (cm yr)

Fig. S10. The empirical relationship between sedimentation rate and ¢ in /-RCM. The red dots
are the calculated values of o, and the blue and black lines are the linear regression curve in
the log-log coordinate system. The black line was used to calculate o for sites in the EWTP,
ARBS, NWAM and SWAF regions. The remaining sites were calculated using the blue line.
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Fig. S11. Distribution of sites containing surface TOC content (wt.%). The shade of the circle
color represents the magnitude of the TOC content.
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Fig. S12. OM reactivity distribution at the SWI in different regions.

5. Depth-integrated of OM degradation rate

Considering OM reactivity distribution at the SWI in each region (Fi(k,0)) is irregular
distributions (Fig. S12), we divide the Fi(k,0) into 1000 OM reactivity components, where the range
of kis from 1071 to 10* yr'!. The middle part of equation (S3) can be written as:

<k>=["k-Fk0)dk=Y%2°f. "k (S3)

where f; is the fraction of each OM reactivity component. Statistically, the area covered under the
distribution curve, Fi(k,0), is constant at 1. When 1<i<1000, as shown in the Fig. S13, fi=Si+1/1.
When the distance between k; and k;+ is small enough (1000 components meet the requirements of
calculation accuracy), the area of the irregular sector, Si+1, can be expressed as the area of a small

rectangle:
Sivr = (kipr — ki) - (p(kiyq) + p(k;)) /2 (S4)
p (ki)
P(ki)/
S
Q

p (ky)

S
k‘l ki ki k kN

Fig. S13. Schematic diagram of the solution of equation (S5).



151 Combined with ki, written as ki=(ki+1+ki)/2, the intermediate component (1<j<1000) can be
152 solved. When i=1 and 1000, k&1=10"'° and k1000=10* yr'!. The sum of S (1<i<1000) equals 0.9999983
153  and we let fi=fi000~ (1-0.9999983)/2. According to this method and Fig. S12, we can calculate <k>
154  in each region, and the results of <> in each region are shown in the Table 1 in the main text.

155

156  Table S4. Supplementary sources of data for Fig. S1.

longitude latitude Sea area Water depth (0] Gmax  Ref.
© ) (Ocean) (m) (em/a)y  (Wt%)
72°45" W 42°15'N Long Island Sound 10 0.2 1.7 Q8
131°75'E 43°11'N Amur Bay 1 0.3 29 (29)
130°72'E 42°61'N Ekspeditsii Bight 1.5 0.4 2.1 (29)
131°83'E 42°96' N Voevoda bight 2.1 0.3 6.2 (29)
09°08'E  56°53.10'N Live Strait 7 0.1 6.2 (27)
04°18"E 51°77'N Haringvliet Lake 7.5 1.01 4.73 (26)
123°29'W  48°36'N  NorthCarolina,USA 8 0.15 4.5 ©)]
09°09'E  56°50.32'N Bjernsholm Bay 10 0.1 12 (27)
70°63' W 41°73.8'N Buzzards Bay 15 0.2 1.9 (14)
70°62' W 41°74.4'N Buzzards Bay 16 0.2 2.1 (14)
71°41'W  41°43.9'N Rhode Island 17 0.2 16 (14)
89°44' W 29°07'N Mississippi River 20 0.8 0.9 (22)
89°35' W 29°06' N Mississippi River 20 0.8 0.52 (22)
73°42" W 43°81' S Southern Chilean 20 0.29 1.4 (23)
73°51' W 43°47'S Southern Chilean 20 0.29 3.2 (23)
73°63' W 44°62' S Southern Chilean 20 0.29 3.1 (23)
73°18' W 45°31'S Southern Chilean 20 0.29 1.6 (23)
74°46' W 44°51'S Southern Chilean 20 0.29 2.4 (23)
74°53' W 45°68'S Southern Chilean 20 0.29 1.5 (23)
13°86" E 54°74'N Arkona Bassin 35 0.048 3.8 (21)
13°79'E 54°80' N Arkona Bassin 44 0.074 4.1 (21
13°66' E 54°94' N Arkona Bassin 44 0.19 5.2 (21
13°61'E 54°91'N Arkona Bassin 44 0.215 4.9 (21
136°78' W 34°29'N Ago Bay 50 0.2 2.5 (18)
136°72' W 34°30'N Ago Bay 50 0.2 2.4 (18)
136°70' W 34°25'N Ago Bay 50 0.2 2.48 (18)
14°18'E  23°46.52'S Namibian shelf 110 0.34 12 (16)
86°13' W 09°37'N Costa Rica 160 0.01 2.4 (20)
86°11' W 09°39'N Costa Rica 160 0.01 1.75 (20)
86°15' W 09°42' N Costa Rica 160 0.01 1.6 (20)
123°25' W 48°32'N Saanich Inlet 170 0.69 4.8 @)
05°12' W 78°93'N  East Greenland shelf 189 0.37 0.72 (24)
12°77" W 74°99'N  East Greenland shelf 320 0.46 0.48 (24)
04°59" W 75°06' N Central Greenland 272 0.09 0.62 (24)
123°30'W  48°37'N Saanich Inlet 210 1.04 3.8 11

77°39' W 12°0.5"S Peru continental 186 0.23 14 2
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71°24' W
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74°24' N
68°71' N
73°17"N
73°36' N
73°48' N
32°85'N
20°00'N
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62°54.2' S
22°54.9'N
22°54.9'N
23°22.3'N
23°22.3'N
08°13'N
07°27'N
05°03"'N
03°04' N
00°02" S
02°26" S
03°39"S
09°10" S
05°30" S
06°34" S
07°40" S
515N
4331 N
43.27N
56.11 N
548N
54.08 N
57.92N
5795N
58.05N
24.88 N
2481 N
2471 N
54.57TN
39.318

the North Pacific
the North Pacific
the North Pacific
the North Pacific
the North Pacific
the North Pacific
the North Pacific
the North Pacific
the North Pacific
the North Pacific
the North Pacific
South flank Pacific
South flank Pacific
North flank Pacific
Nares Abyssal Plain
Nares Abyssal Plain
Nares Abyssal Plain
Nares Abyssal Plain
Equatorial Pacific
Equatorial Pacific
Equatorial Pacific
Equatorial Pacific
Equatorial Pacific
Equatorial Pacific
Equatorial Pacific
Equatorial Pacific
Peru Basin
Peru Basin
Peru Basin
Severn estuary
Rhone zone
Rhone shelf
Aarhus Bay
Arkona Basin
Helgoland Mud
Skagerrak S10
Skagerrak S11
Skagerrak S13
Arabian Sea
Arabian Sea
Arabian Sea
Bering Sea
Argentine Basin

5686
5718
5004
5205
5164
5214
4599
4619
5144
5686
5189
2930
3260
4139
5868
5868
5878
5878
4239
5269
5867
3572
5352
5361
5469
5283
4082
4165
4127
8
19
74
15
43
29
86
150
386
645
957
1586
1476

3687

0.00015
0.00019
0.00023
0.00032
0.00036
0.00036
0.00041
0.00043
0.00058
0.0002
0.0012
0.00258
0.0018
0.00588
0.0005
0.0005
0.0005
0.0005
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
0.002
0.0006
0.0004
0.43
0.1
0.5
0.32
0.0074
1.3
0.5
0.5
0.5
0.05
0.05
0.05
0.0016
0.008

0.4
0.23
0.36
0.45
0.26
0.22
0.23
0.35
0.32

0.2
0.25

0.5
0.32

0.6

0.3
0.14
0.12

0.008
0.25
0.42

0.6
0.54

0.7
0.52
0.53
0.15

1.7
0.72

0.8
2.9

1.9

1.5
3.8
3.9

1.1

1.4
0.7
2.1

1.1
0.95
0.92

1.6

1.2

(10)
(10)
(10)
(10)
(10)
(10)
(10)
(10)
(10)
(10)
(10)
(12)
(12)
(12)
(15)
(15)
(15)
(15)
(17
(17
(17
(17
(17
(17
(17
(17
(19)
(19)
(19)
(34
(35)
(36)
(37
(3%
(39)
(40)
(41)
(42)
(43)
(44)
(45)
(46)
(47
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159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
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193
194
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196
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198
199
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