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Figure S1: Profiles of a) mean temperature and b) salinity and c) a temperature (T)-salinity (S) diagram for
several regions of the proto-North Atlantic, where the basin average is also shown with a dashed line (Topper
et al., 2011). The TS diagram highlights that the proto-North Atlantic was poorly stratified. Note that the
temperatures may be underestimated since the model uses yearly averaged air temperature as its forcing.
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Table S2: Water cycle: Reservoirs and fluxes for pre-OAE2 and OAE2 conditions as implemented in the multi-
box model. Note that several fluxes change direction from pre-OAE2 to OAE2 conditions.

Box Water reservoir Description
Name pre-OAE2 OAE2 units in Tm3

W1s 1522.11 1554.12 Surface water of the central open ocean
W1i 8623.65 8805.83 Intermediate water of the central open ocean
W1b 38518.87 40583.26 Bottom water of the central open ocean
W2s 254.6 259.51 Surface water of the southern open ocean
W2i 1527.58 1557.09 Intermediate water of the southern open ocean
W2b 7056.33 7408.83 Bottom water of the southern open ocean
W3s 53.47 227.61 Surface water of the Western Interior Seaway
W3b 139.12 387.49 Shallow bottom water of the Western Interior Seaway
W4s 129.37 202.61 Surface water of the northern coast
W4b 340.46 461.35 Shallow bottom water of the northern coast
W5s 129.17 202.41 Surface water of the southern coast
W5b 340.21 461.1 Shallow bottom water of the southern coast
W6s 47.75 76.25 Surface water of the north-eastern coast
W6b 128.28 180.06 Shallow bottom water of the north-eastern coast
W7s 35.66 34.29 Surface water of the Tethys gateway
W7b 91.35 125.63 Shallow bottom water of the Tethys gateway
Name Water flux (Sv) Description

pre-OAE2 OAE2 (x 3.1536 for Tm3 y−1 )
F1 4.91 7.09 Net surface water flux from W1s to the Pacific Ocean
F3 9.26 15.15 Net intermediate water flux from W1i to the Pacific Ocean
F6 13.75 21.98 Net bottom water flux from the Pacific Ocean to W1b
F7 1.3 6.67 Net surface water flux from the Tethys gateway to W7s
F10 0.88 6.47 Net bottom water flux from W7b to the Tethys gateway
F11 1.32 1.32 Evaporation in W1s
F12 0.81 0.81 Precipitation in W1s
F13 6.57 7.46 Surface water flux from W4s to W1s
F14 0.59 3.36 Surface water flux from W1s to W6s
F15 0.65 4.15 Surface water flux from W7s to W1s
F16 10.6 17.13 Downwelling from W1s to W1i
F17 2.89 7.83 Upwelling from W1i to W1s
F18 1.02 1.17 Surface water flux from W5s to W2s

(Changes direction during OAE2)
F19 1.75 2.49 Surface water flux from W1s to W3s
F20 10.35 9.25 Intermediate water flux from W1i to W3b
F21 5.64 13.77 Shallow bottom water flux from W4b to W1i
F22 0.61 2.89 Intermediate water flux from W1i to W6b
F23 0.12 8.64 Intermediate water flux from W1i to W7b
F24 4.65 2.73 Shallow bottom water flux from W5b to W2i
F25 0.12 5.86 Deep bottom water flux from W1b to W7b
F26 1.71 1.75 Downwelling water flux from W7s to W7b
F27 2.12 3.44 Upwelling water flux from bottom W7b to W7s
F28 0.75 1.31 Downwelling water flux form W5s to W5b
F29 4.38 5.74 Upwelling water flux from W5b to W5s

4



continuation
Name Water flux (Sv) Description

pre-OAE2 OAE2 (x 3.1536 for Tm3 y−1 )
F30 0.3 0.3 River water flux to W5st
F31 5.21 6.05 Downwelling water flux from W3s to W3b
F32 6.9 7.38 Upwelling water flux from W3b to W3s
F33 5.39 3.83 Downwelling water flux from W4s to W4b
F34 8.24 4.62 Upwelling water flux from W4b to W4s
F35 1.1 3.17 Downwelling water flux from W6s to W6b
F36 0.43 1.15 Upwelling water flux from W6b to W6s
F37 8.38 19.16 Downwelling water flux from W1i to W1b
F38 21.23 33.31 Upwelling water flux from W1b to W1i
F39 3.53 3.97 Surface water flux from W3s to W4s
F40 0.08 2.61 Surface water flux from W6s to W4s
F41 0.15 1.25 Surface water flux from W7s to W6s
F42 0.91 2.95 Surface water flux from W7s to W5s
F43 0.41 4.62 Shallow bottom water flux from W7b to W5b
F44 1.46 1.73 Shallow bottom water flux from W6b to W7b

(Changes direction during OAE2)
F45 0.18 6.63 Shallow bottom water flux from W4b to W6b

(Changes direction during OAE2)
F46 8.67 7.93 Shallow bottom water flux from W3b to W4b
F47 3.85 4.59 Surface water flux from W1s to W2s
F48 8.27 6.87 Surface water flux from W2s to W1s
F49 8.34 2.1 Intermediate water flux from W1i to W5b
F50 9.92 11 Intermediate water flux from W1i to W2i
F51 12.42 11.79 Intermediate water flux from W2i to W1i
F52 15.37 17.73 Deep bottom water flux from W1b to W2b
F53 14.6 15.76 Deep bottom water flux from W2b to W1b
F54 3.82 8.85 Surface water flux from W5s to W1s
F55 0.12 0.15 Downwelling water flux from W2s to W2i
F56 3.51 3.6 Upwelling water flux from W2i to W2s
F57 0.37 0.37 Downwelling water flux from W2i to W2b
F58 1.62 1.9 Upwelling water flux from bottom W2b to W2i
F59 0.48 0.45 Shallow bottom water flux from W5b to W2b

(Changes direction during OAE2)
R3 0.1 0.15 River water flux to W3s
R4 0.1 0.1 River water flux to W4s
R6 0.01 0.01 River water flux to W6s
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Table S3: Carbon cycle: Reservoirs sizes and fluxes for pre-OAE2 and OAE2 conditions and pre-OAE2 bio-
geochemical fluxes as implemented in the multi-box model. Note that all OAE2 reservoirs, including the ones
in Table S4 and S5, are the ones obtained after equilibrium.

Name C reservoir Description
pre-OAE2 OAE2 units in Tmol C

POC1s 4.84 4.54 Organic C in the surface water of the central open ocean
POC1i 9.14 8.58 Organic C in the intermediate water of the central open ocean
POC1b 8.17 7.67 Organic C in the bottom water of the central open ocean
POC2s 2.16 1.74 Organic C in the surface water of the southern open ocean
POC2i 6.48 5.23 Organic C in the intermediate water of the southern open ocean
POC2b 2.24 1.81 Organic C in the bottom water of the southern open ocean
POC3s 0.23 0.52 Organic C in the surface water of the Western Interior Seaway
POC3b 0.01 0.03 Organic C in the bottom water of the Western Interior Seaway
POC4s 0.69 0.49 Organic C in the surface water of the northern coast
POC4b 0.07 0.05 Organic C in the bottom water of the northern coast
POC5s 1.1 1.37 Organic C in the surface water of the southern coast
POC5b 0.29 0.36 Organic C in the bottom water of the southern coast
POC6s 0.05 0.07 Organic C in the surface water of the north-eastern coast
POC6b 0.01 0.02 Organic C in the bottom water of the north-eastern coast
POC7s 0.04 0.03 Organic C in the surface water of the Tethys gatway
POC7b 0.01 0.01 Organic C in the bottom water of the Tethys gatway
Name C flux Description

pre-OAE2 OAE2 units in Tmol C y−1
BCF1 163.79 153.79 Primary productivity in the central open ocean
BCF2 142.73 134.01 Remineralization in the surface water of the central open ocean
BCF3 16.38 15.28 Remineralization in the intermediate water of the central open ocean
BCF4 4.67 4.38 Remineralization in the bottom water of the central open ocean
BCF5 0.02 0.015 Organic C burial in the central open ocean
BCF6 224 180.89 Primary productivity in the southern open ocean
BCF7 195.2 157.62 Remineralization in the surface water of the southern open ocean
BCF8 22.4 18.09 Remineralization in the intermediate water of the southern open ocean
BCF9 6.38 5.15 Remineralization in the bottom water of the southern open ocean
BCF10 0.03 0.02 Organic C burial in the southern open ocean
BCF11 45.76 105.16 Primary productivity in the Western Interior Seaway
BCF12 39.81 91.49 Remineralization in the surface water of the Western Interior Seaway
BCF13 5.83 13.39 Remineralization in the shallow bottom water of the Western Interior Seaway
BCF14 0.16* 0.28 Organic C burial in the Western Interior Seaway
BCF15 104.64 75.16 Primary productivity in the northern coast
BCF16 91.04 65.39 Remineralization in the surface water of the northern coast
BCF17 13.31 9.57 Remineralization in the shallow bottom water of the northern coast
BCF18 0.29* 0.2 Organic C burial in the northern coast
BCF19 168.3 210.01 Primary productivity in the southern coast
BCF20 146.42 182.7 Remineralization in the surface water of the southern coast
BCF21 21.25 26.52 Remineralization in the shallow bottom water of the southern coast
BCF22 0.63* 0.77 Organic C burial in the southern coast
BCF23 4.25 6.14 Primary productivity in the north-eastern coast
BCF24 3.7 5.34 Remineralization in the surface water of the north-eastern coast
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continuation
Name C flux Description

pre-OAE2 OAE2 units in Tmol C y−1
BCF25 0.54 0.78 Remineralization in the shallow bottom water of the north-eastern coast
BCF26 0.01 0.02 Organic C burial in the north-eastern coast
BCF27 24 22.19 Primary productivity in the Tethys gatewaygateway
BCF28 20.88 19.3 Remineralization in the surface water of the Tethys gatewaygateway
BCF29 3.06 2.83 Remineralization in the shallow bottom water of the Tethys gatewaygateway
BCF30 0.069 0.057 Organic C burial in the Tethys gatewaygateway
BCF31 21.06 19.78 Organic C export to the intermediate water in the central open ocean
BCF32 4.68 4.4 Organic C export to the bottom water in the central open ocean
BCF33 28.8 23.26 Organic C export to the intermediate water in the southern open ocean
BCF34 6.4 5.17 Organic C export to the bottom water in the southern open ocean
PCF35 5.95 13.67 Organic C export to the shallow bottom water in the Western Interior Seaway
BCF36 13.60 9.77 Organic C export to the shallow bottom water in the northern coast
BCF37 21.88 27.3 Organic C export to the shallow bottom water in the southern coast
BCF38 0.55 0.8 Organic C export to the shallow bottom water in the north-eastern coast
BCF39 3.12 2.89 Organic C export to the shallow bottom water in the Tethys gatewaygateway
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Table S4: Phosphorus cycle: Reservoirs sizes and fluxes for pre-OAE2 and OAE2 conditions, and pre-OAE2
biogeochemical fluxes as implemented in the multi-box model.

Name P reservoir Description
pre-OAE2 OAE2 units in Tmol P

SRP1s 0.68 0.64 Soluble reactive P in the surface water of the open ocean
SRP1i 13.6 10.48 Soluble reactive P in the intermediate water of the open ocean
SRP1b 59.7 52.86 Soluble reactive P in the bottom water of the open ocean
SRP2s 0.04 0.03 Soluble reactive P in the surface water of the southern open ocean
SRP2i 3.29 2.64 Soluble reactive P in the intermediate water of the southern open ocean
SRP2b 11.98 10.34 Soluble reactive P in the bottom water of the southern open ocean
SRP3s 0.06 0.13 Soluble reactive P in the surface water of the Western Interior Seaway
SRP3b 0.21 0.47 Soluble reactive P in the bottom water of the Western Interior Seaway
SRP4s 0.15 0.1 Soluble reactive P in the surface water of the northern coast
SRP4b 0.56 0.52 Soluble reactive P in the shallow bottom water of the northern coast
SRP5s 0.08 0.1 Soluble reactive P in the surface water of the southern coast
SRP5b 0.73 0.95 Soluble reactive P in the shallow bottom water of the southern coast
SRP6s 0.02 0.04 Soluble reactive P in the surface water of the north-eastern coast
SRP6b 0.13 0.17 Soluble reactive P in the shallow bottom water of the north-eastern coast
SRP7s 0.01 0.01 Soluble reactive P in the surface water of the Tethys gatewaygateway
SRP7b 0.09 0.15 Soluble reactive P in the shallow bottom water of the Tethys gatewaygateway
POP1s 0.046 0.04 Organic P in the surface water of the open ocean
POP1i 0.086 0.08 Organic P in the intermediate water of the open ocean
POP1b 0.077 0.07 Organic P in the bottom water of the open ocean
POP2s 0.02 0.02 Organic P in the surface water of the southern open ocean
POP2i 0.06 0.05 Organic P in the intermediate water of the southern open ocean
POP2b 0.02 0.02 Organic P in the bottom water of the southern open ocean
POP3s 0.002 0.005 Organic P in the surface water of the Western Interior Seaway
POP3b 0.0001 0.0003 Organic P in the shallow bottom water of the Western Interior Seaway
POP4s 0.006 0.005 Organic P in the surface water of the northern coast
POP4b 0.0007 0.0005 Organic P in the shallow bottom water of the northern coast
POP5s 0.01 0.01 Organic P in the surface water of the southern coast
POP5b 0.003 0.003 Organic P in the shallow bottom water of the southern coast
POP6s 0.0005 0.0007 Organic P in the surface water of the north-eastern coast
POP6b 0.0001 0.0002 Organic P in the shallow bottom water of the north-eastern coast
POP7s 0.0004 0.0003 Organic P in the surface water of the Tethys gatewaygateway
POP7b 0.0001 0.0001 Organic P in the shallow bottom water of the Tethys gatewaygateway
Name P flux Description

pre-OAE2 OAE2 units in Tmol P y−1
Fluxes coupled to the water cycle

PF1 0.07 0.09 Surface [SRP] of the central open ocean times F1
PF3 0.46 0.57 Intermediate [SRP] of the central open ocean times F3
PF6 0.55 0.88 Bottom [SRP] of the Pacific Ocean times F6
PF7 0.004 0.02 Surface [SRP] of the Tethys gateway times F7
PF10 0.03 0.24 Bottom [SRP] of the Tethys gateway times F10
PF13 0.23 0.12 Surface [SRP] of the Tethys gateway times F13
PF14 0.008 0.04 Surface [SRP] of central open ocean times F14
PF15 0.008 0.05 Surface [SRP] of the Tethys gateway times F15
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continuation
Name P flux Description

pre-OAE2 OAE2 units in Tmol P y−1
PF16 0.15 0.22 Surface [SRP] of the central open ocean times F16 (downwelling)
PF17 0.14 0.29 Intermediate [SRP] of the central open ocean times F17 (upwelling)
PF18 0.02 0.005 Surface [SRP] of the southern coast times F18 in pre-OAE2

Surface [SRP] of the southern open ocean times F18 in OAE2
PF19 0.02 0.03 Surface [SRP] of the central open ocean times F19
PF20 0.51 0.35 Intermediate [SRP] of the central open ocean times F20
PF21 0.29 0.48 Bottom [SRP] of the northern coast times F21
PF22 0.03 0.11 Intermediate [SRP] of the central open ocean times F22
PF23 0.006 0.32 Intermediate [SRP] of th central open ocean times F23
PF24 0.32 0.18 Bottom [SRP] of the southern coast times F24
PF25 0.006 0.24 Bottom [SRP] of the central open ocean times F25
PF26 0.02 0.02 Surface [SRP] of the Tethys gateway times F26 (downwelling)
PF27 0.07 0.13 Bottom [SRP] of the Tethys gateway times F27 (upwelling)
PF28 0.02 0.02 Surface [SRP] of the southern coast times F28 (downwelling)
PF29 0.3 0.37 Bottom [SRP] of the southern coast times F29 (upwelling)
PF30 0.01 0.01 [SRP] of the South river times F30
PF31 0.18 0.11 Surface [SRP] of the Western Interior Seaway times F31 (downwelling)
PF32 0.33 0.28 Bottom [SRP] of the Western Interior Seaway times F32 (upwelling)
PF33 0.19 0.06 Surface [SRP] of the northern coast times F33 (downwelling)
PF34 0.43 0.16 Bottom [SRP] of the northern coast itmes F34 (upwelling)
PF35 0.02 0.05 Surface [SRP] of the north-eastern coast times F35 (downwelling)
PF36 0.01 0.03 Bottom [SRP] of the north-eastern coast times F36 (upwelling)
PF37 0.42 0.72 Intermediate [SRP] of the central open ocean times F37
PF38 1.04 1.37 Bottom [SRP] of the cental open ocean times F38
PF39 0.12 0.07 Surface [SRP] of the Western Interior Seaway times F39
PF40 0.001 0.04 Surface [SRP] of the north-eastern coast times F40
PF41 0.002 0.02 Surface [SRP] ot the Tethys gateway times F41
PF42 0.01 0.04 Surface [SRP] of the Tethys gateway times F42
PF43 0.01 0.17 Bottom [SRP] of the Tethys gateway times F43
PF44 0.05 0.07 Bottom [SRP] of the north-eastern coast times F44 in pre-OAE2

Bottom [SRP] of the Tethys gateway times F44 in OAE2
PF45 0.01 0.19 Bottom [SRP] of the northern coast times F45

Bottom [SRP] of the north-eastern coast times F45
PF46 0.42 0.3 Bottom [SRP] of the northern coast times F46
PF47 0.05 0.06 Surface [SRP] of the central open ocean times F47
PF48 0.04 0.03 Surface [SRP] of the southern open ocean times F48
PF49 0.41 0.08 Intermediate [SRP] of the central open ocean times F49
PF50 0.49 0.41 Intermediate [SRP] of the central open ocean times F50
PF51 0.84 0.63 Intermediate [SRP] of the southern open ocean times F51
PF52 0.75 0.73 Bottom [SRP] of the central open ocean times F52
PF53 0.78 0.69 Bottom [SRP] of the southern open ocean times F53
PF54 0.08 0.14 Surface [SRP] of the southern coast times F54
PF55 0.0006 0.0006 Surface [SRP] of the southern open ocean times F55 (downwelling)
PF56 0.24 0.19 Intermediate [SRP] of the southern open ocean times F56 (upwelling)
PF57 0.03 0.02 Intermediate [SRP] of the southern open ocean times F57
PF58 0.09 0.08 Bottom [SRP] of the southern open ocean times F58
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continuation
Name P flux Description

pre-OAE2 OAE2 units in Tmol P y−1
PF59 0.03 0.02 Bottom [SRP] of the southern coast times F59 in pre-OAE2

Bottom [SRP] of the southern open ocean times F59 in OAE2
PR3 0.0004 0.0006 [SRP] of the North-West river times R3
PR4 0.0018 0.0018 [SRP] of the North river times R4
PR6 0.00001 0.00001 [SRP] of the north-eastern river times R6

Fluxes coupled to the C and O2 cycles
BPF1 1.55 1.45 SRP uptake in the central open ocean
BPF2 1.35 1.26 SRP release in the surface water of the central open ocean
BPF3 0.155 0.15 SRP release in the intermediate water of the central open ocean
BPF4 0.04 0.04 SRP release in the bottom water of the central open ocean
BPF5 0.0001 0.0001 Organic P burial in the central open ocean
BPF6 2.11 1.71 SRP uptake in the southern open ocean
BPF7 1.84 1.49 SRP release in the surface water of the southern open ocean
BPF8 0.21 0.17 SRP release in the intermediate water of the southern open ocean
BPF9 0.06 0.05 SRP release in the bottom water of the southern open ocean
BPF10 0.0002 0.0002 Organic P burial in the southern open ocean
BPF11 0.43 0.99 SRP uptake in the Western Interior Seaway
BPF12 0.38 0.86 SRP release in the surface water of the Western Interior Seaway
BPF13 0.06 0.13 SRP release in the shallow bottom water of the Western Interior Seaway
BPF14 0.0005 0.001 Organic P burial in the Western Interior Seaway
BPF15 0.99 0.71 SRP uptake in the northern coast
BPF16 0.86 0.62 SRP release in the surface water of the northern coast
BPF17 0.13 0.09 SRP release in the shallow bottom water of the northern coast
BPF18 0.001 0.001 Organic P burial in the northern coast
BPF19 1.59 1.98 SRP uptake in the southern coast
BPF20 1.38 1.72 SRP release in the surface water of the southern coast
BPF21 0.20 0.26 SRP release in the shallow bottom water of the southern coast
BPF22 0.001 0.002 Organic P burial in the southern coast
BPF23 0.04 0.06 SRP uptake in the north-eastern coast
BPF24 0.03 0.05 SRP release in the surface water of the north-eastern coast
BPF25 0.005 0.007 SRP release in the shallow bottom water of the north-eastern coast
BPF26 0.00005 0.00007 Organic P burial in the north-eastern coast
BPF27 0.23 0.21 SRP uptake in the Tethys gateway
BPF28 0.2 0.18 SRP release in the surface water of the Tethys gateway
BPF29 0.03 0.03 SRP release in the shallow bottom water of the Tethys gateway
BPF30 0.0003 0.0003 Organic P burial in the Tethys gateway
BPF31 0.2 0.19 Organic P export to the intermediate water in the central open ocean
BPF32 0.04 0.04 Organic P export to the bottom water in the central open ocean
BPF33 0.27 0.22 Organic P export to the intermediate water in the southern open ocean
BPF34 0.06 0.05 Organic P export to the bottom water in the southern open ocean
PBF35 0.06 0.13 Organic P export to the shallow bottom water in the Western Interior Seaway
BPF36 0.13 0.09 Organic P export to the shallow bottom water in the northern coast
BPF37 0.21 0.26 Organic P export to the shallow bottom water in the southern coast
BPF38 0.005 0.008 Organic P export to the shallow bottom water in the north-eastern coast
BPF39 0.03 0.03 Organic P export to the shallow bottom water in the Tethys gateway
FePB1 0.00014 0.00016 Inorganic Fe-P burial in the central open ocean
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continuation
Name P flux Description

pre-OAE2 OAE2 units in Tmol P y−1
CaPB1 0.00029 0.00029 Inorganic Ca-P burial in the central open ocean
FePB2 0.00016 0.0002 Inorganic Fe-P burial in the southern open ocean
CaPB2 0.00037 0.00033 Inorganic Ca-P burial in the southern open ocean
FePB3 0.00043 0.00045 Inorganic Fe-P burial in the Western Interior Seaway
CaPB3 0.0009 0.0022 Inorganic Ca-P burial in the Western Interior Seaway
FePB4 0.0009 0.001 Inorganic Fe-P burial in the northern coast
CaPB4 0.0019 0.0018 Inorganic Ca-P burial in the northern coast
FePB5 0.0004 0.0004 Inorganic Fe-P burial in the southern coast
CaPB5 0.0017 0.0017 Inorganic Ca-P burial in the southern coast
FePB6 0.00005 0.00005 Inorganic Fe-P burial in the north-eastern coast
CaPB6 0.0001 0.00016 Inorganic Ca-P burial in the north-eastern coast
FePB7 0.0002 0.0003 Inorganic Fe-P burial in the Tethys gateway
CaPB7 0.0005 0.0005 Inorganic Ca-P burial in the Tethys gateway
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Table S5: Oxygen cycle: Reservoir sizes and fluxes for pre-OAE2 and OAE2 conditions as implemented in the
multi-box model.

Name O2 reservoir Description
pre-OAE2 units Tmol O2

OX1i 987.95 1323.70 Dissolved O2 in the intermediate water of the central open ocean
OX1b 5777.83 6991.77 Dissolved O2 in the bottom water of the central open ocean
OX2i 54.28 130.72 Dissolved O2 in the intermediate water of the southern open ocean
OX2b 900.53 1175.8 Dissolved O2 in the bottom water of the southern open ocean
OX3b 17.77 51.87 Dissolved O2 in the shallow bottom water of the Western Interior Seaway
OX4b 39.6 64.38 Dissolved O2 in the shallow bottom water of the northern coast
OX5b 10.11 14.64 Dissolved O2 in the shallow bottom water of the southern coast
OX6b 20.18 30.8 Dissolved O2 in the shallow bottom water of the north-eastern coast
OX7b 12.78 19.65 Dissolved O2 in the shallow bottom water of the Tethys gateway
Name O2 flux Description

pre-OAE2 OAE2 units in Tmol O2 y−1
Fluxes coupled to the water cycle

OF3 33.44 71.82 Intermediate [O2] of the central open ocean times F3
OF6 90.76 145.14 Bottom [O2] of the Pacific Ocean times F6
OF10 3.9 31.9 Shallow bottom [O2] of the Tethys times F10
OF16 66.51 107.51 Intermediate [O2] of the central open ocean times F16
OF17 10.46 37.11 Bottom [O2] of the central open ocean times F17
OF20 37.4 43.86 Intermediate [O2] of the central open ocean times F20
OF21 20.67 60.59 Bottom [O2] of the northern coast times F21
OF22 2.2 13.67 Intermediate [O2] of the central open ocean times F22
OF23 0.45 40.95 Intermediate [O2] of the central open ocean times F23
OF24 4.37 2.73 Bottom [O2] of the southern coast times F24
OF25 0.58 31.84 Bottom [O2] of the central open ocean times F25
OF26 10.78 11.04 Surface [O2] of the Tethys gateway times F26 (downwelling)
OF27 9.36 16.95 Bottom [O2] of the Tethys gateway times F27 (upwelling)
OF28 4.62 8.07 Surface [O2] of the southern coast times F28 (downwelling)
OF29 4.1 5.75 Bottom [O2] of the southern coast times F29 (upwelling)
OF31 32.87 38.18 Surface [O2] of the Western Interior Seaway times F31 (downwelling)
OF32 27.77 31.13 Bottom [O2] of the Western Interior Seaway times F32 (upwelling)
OF33 33.97 24.17 Surface [O2] of the northern coast times F33 (downwelling)
OF34 30.22 20.32 Bottom [O2] of the northern coast times F34 (upwelling)
OF35 7.22 20.8 Surface [O2] of the north-eastern coast times F35 (downwelling)
OF36 2.12 6.23 Bottom [O2] of the north-eastern coat times F36 (upwelling)
OF37 30.27 90.81 Intermediate [O2] of the central open ocean times F37
OF38 100.43 180.96 Bottom [O2] of the central open ocean times F38
OF43 1.82 22.78 Bottom [O2] of the Tethys gateway times F43
OF44 7.26 8.53 Bottom [O2] of the north-eastern coast times F44 in pre-OAE2

Bottom [O2] of the Tethys gateway times F44 in OAE2
OF45 0.66 35.73 Bottom [O2] of the northern coast times F45 in pre-OAE2

Bottom [O2] of the north-eastern coast times F45 in OAE2
OF46 34.92 33.47 Bottom [O2] of the Western Interior Seaway times F46
OF49 30.14 9.94 Intermediate [O2] of the central open ocean times F49
OF50 35.84 52.13 Intermediate [O2] of the central open ocean times F50
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continuation
Name O2 flux Description

pre-OAE2 OAE2 units in Tmol O2 y−1
OF51 13.91 31.22 Intermediate [O2] of the southern open ocean times F51
OF52 72.71 96.31 Bottom [O2] of the central open ocean times F52
OF53 58.76 78.86 Bottom [O2] of the southern open ocean times F53
OF55 0.72 0.94 Surface [O2] of the southern open ocean times F55 (downwelling)
OF56 3.94 9.5 Intermediate [O2] of the southern open ocean times F56 (upwelling)
OF57 0.41 0.99 Intermediate [O2] of the southern open ocean times F57
OF58 6.5 9.5 Bottom [O2] of the southern open ocean times F58
OF59 0.45 2.23 Bottom [O2] of the southern coast times F59 in pre-OAE2

Bottom [O2] of the southern open ocean times F59 in OAE2
Fluxes coupled to the C and P cycles

BOF3 21.32 20.02 O2 consumption in the intermediate water of the central open ocean
BOF4 6.07 5.7 O2 consumption in the bottom water of the central open ocean
BOF8 29.16 23.55 O2 consumption in the intermediate water of the southern open ocean
BOF9 8.3 6.71 O2 consumption in the bottom water of the southern open ocean
BOF13 7.58 17.43 O2 consumption in the shallow bottom water in the Western Interior Seaway
BOF17 17.33 12.46 O2 consumption in the shallow bottom water in the northern coast
BOF21 27.67 34.54 O2 consumption in the shallow bottom water in the southern coast
BOF25 0.71 1.02 O2 consumption in the shallow bottom water in the north-eastern coast
BOF29 3.98 3.68 O2 consumption in the shallow bottom water in the Tethys gateway
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Table S6: Linear equations as implemented in the model for fluxes in oxic conditions. The k∗ is a rate constant
(y−1). SRP is the reservoir of soluble reactive P, POC and POP are the reservoirs for particulate organic C and
P, respectively. s: surface water; i: intermediate water; b: bottom water.

Flux Linear equations
C cycle (Tmol C y−1)
Primary productivity in surface ocean PP = kPP ·SRPs ·106 [1]

Inorganic C release in surface ocean CRELs = kCRELs ·POCs
[1]

Inorganic C release in intermediate open ocean CRELi = kCRELi ·POCi
[1]

Inorganic C release in shallow/deep bottom ocean CRELb = kCRELb ·POCb
[1]

POC Export in surface to intermediate/shallow bottom ocean CEXPs = POPEXPs ∗106 [1]

POC Export in intermediate to deep bottom open ocean CEXPi = POPEXPi ∗106 [1]

POC burial in coastal ocean CBUR = kCBUR ·CEXPs
[1]

POC burial in open ocean CBUR = kCBUR · (CEXPs +CEXPi)
[2]

P cycle (Tmol P y−1)
SRP uptake in surface ocean SRPU = PP/106 [1]

SRP release in surface ocean PRELs =CRELs/106 [1]

SRP release in intermediate open ocean PRELi =CRELi/106 [1]

SRP release in shallow/deep bottom ocean PRELb = kPRELb ·POPb
[1]

POP Export from surface to intermediate/shallow bottom POPEXPs = kPOPEXPs ∗POPs
[1]

POP Export from intermediate to deep bottom ocean POPEXPi = kPOPEXPi ∗POPi
[1]

POP burial in coastal ocean POPBUR =CBUR/200 [3]

POP burial in open ocean POPBUR =CBUR/106 [1]

Ca-P burial in shallow/deep bottom ocean CaPBUR = kCaPBUR ·PRELb
[1]

Fe-P burial in shallow/deep bottom ocean FePBUR = FePBURoxic · [O2]
[O2]crit

[1]

O2 cycle (Tmol O2 y−1)
O2 consumption in intermediate open ocean OCONi =CRELi ·138/106 [1]

O2 consumption in shallow/deep bottom ocean OCONb =CRELb ·138/106 [1]

[1]Slomp and Van Cappellen, 2007, [2] This study, [3]Van Cappellen and Ingall, 1994
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