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Table S1: Parameter space varied for the tuning with the Latin hyper cube approach.

Tuning parameter Minimum Maximum

Benthic flux (Fbs) (nmol cm-2 yr-1) 0 1.2

Oxidation rate (roxi) (yr-1) 0.002 0.015

OMZ reduction rate (rOMZ) (nmol m-3 yr-1) 0.2 10

Kd,ref(Cr(III)) 5.0×104 1.0×106

Kd,ref(Cr(VI)) 5.0×102 1.0×104

Table S2: Scavenging parameters for the control run, which are multiplied by the reference 
scavenging parameters of 2.31×105 and 8.4×102, for Cr(III) and Cr(VI), respectively.

Particle type Kd (Cr(III)) Kd (Cr(VI))

POM 1 5

CaCO3 1 5

Biogenic opal 1 5

Lithogenics 0.5 10

Table S3: Model-data agreement determined by two the different cost functions of the Mean 
Absolute Error (MAE) and the Root Mean Squared Error (RMSE) (n = 701).

Run MAE (nmol kg-1) RMSE (nmol kg-1)

CTRL 0.48 0.66

NoArcticBFlux 0.44 0.59

OMZrem 0.45 0.60

OMZrem20 0.45 0.59

OMZrem30 0.45 0.59
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Text S1: Data compilation

Model outputs were assessed by comparison to a compilation of all known oceanic Cr data in peer
review publications and theses. However, not all literature data for Cr (and other contamination-
prone trace  metals)  are  likely  to  be free of  analytical  artefacts,  including contamination  during
sampling and handling. Indeed, this has been a significant limitation throughout the history of trace
metal  oceanographic  studies.  With  the  development  of  clean  sampling  techniques  and  the
publication of the first coherent metal data (e.g. Boyle, et al., 1977; Bruland et al., 1978), the initial
criteria developed for quality control were based on “oceanographic consistency”:

“A priori arguments on the extent of precautions in sampling and analysis are not in
themselves sufficient nor is the fact that the numbers are lower than previously reported.
The primary  criteria  must  be interlaboratory  agreement  [6,7]  and the oceanographic
consistency of  the data  themselves;  detailed  profiles  should show smooth variations
related to the hydrographic and chemical features displayed by conventionally measured
properties. Regional variations should be compatible with what is known of the large-
scale physical and chemical circulation of the oceans.” (Boyle et al. 1977)

These criteria assess data validity based on other oceanographic parameters (salinity, temperature,
distributions  of better-studied parameters  such as nutrients)  and processes controlling  elemental
distribution (e.g. biological cycling, circulation, atmospheric deposition). It should be stressed that
these  criteria  do  not  indicate  that  the  processes  governing  trace  metal  distributions  are  fully
understood nor preclude the discovery of new processes controlling metal distributions (cf. Bruland,
1980), nor do they invalidate data outright; however, the criteria maintain that erratic profiles with
no correlation to any other oceanographic parameters should be treated as suspect until confirmed
through  replicate  analysis  and interlaboratory  agreement.  This  latter  point  has  been  a  topic  of
substantial  subsequent  developments  for  trace  metal  research.  Reference  materials  established
through  collaborative  efforts  (e.g.  SAFe  standards,  Johnson  et  al.,  2007;  the  GEOTRACES
program, Schlitzer  et  al.,  2018) have greatly improved quality control standards. Unfortunately,
adoption of these materials is not uniform across analytes, and intercalibration and standardization
for Cr has lagged behind that of other transition metals, though recent developments suggest this is
changing.

Any compilation of literature data should apply modern quality control measures,  including re-
assessments of oceanographic consistency based on new data and understandings of the oceanic Cr
cycle, especially for studies where reference materials were not available or were not analyzed.
Following the principles outlined above, in order to ensure a meaningful comparison between the
body of literature data and our model results, quality controls were applied to the data compilation.
The basis of these controls were the oceanographic consistency of data as well as discussions in
subsequent studies highlighting which datasets are unlikely to reflect natural processes for known
and unknown reasons (e.g.  see discussions in Isshiki et  al.,  1989; Goring-Harford et  al.,  2018;
Rickli et al., 2019; Moos et al., 2020; Nasemann et al., 2020; Huang et al., 2021;  Janssen et al.,
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2021).  In  addition,  data  that  pass  the  above  criteria  but  with  high  analytical  uncertainty  were
omitted.  Finally,  due  to  the  intermediate  resolution  of  the  model,  coastal  data  that  might  be
controlled by processed not resolved by the model were excluded from the compilation.

Figure S1: World map with locations of all seawater stations of the data compilation indicated as 
red circles. For details please Supplementary Data 2.

Figure S2: Observational versus modeled total Cr concentrations subdivided into the four main 
ocean basins (SO: Southern Ocean) (n = 701) and into shallow (left) and deeper depths than 200 m
(right). To date no data for the Indian Ocean exists. Dashed line marks the 1-to-1 relationship. 
Arctic data with very low observed Cr concentrations all have low salinities indicating influence of
meltwater.
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Figure S3: Averaged basin Crtot (left) and Cr(III) (right) concentrations as functions of water 
depth. Observational data was binned into the 32 depth layers of the Bern3D model, where at least 
one data point per depth layer was available. The North Atlantic and North Pacific are defined as 
the latitudinal band between 0°-70°N, the South Atlantic and South Pacific as 30°S-0°, and the 
Southern Ocean as south of 30°S.
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Figure S4: Dissolved oxygen concentrations at 200 m water depth. (top) For the control run, i.e., 
POM remineralization after Martin et al. (1987), and (mid) simulations with the O2-dependent 
remineralization after Battaglia et al. (2018). (bottom) Difference between middle and top panel.
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Figure S5: Total Cr and Cr(III) concentrations (left) as well as their anomalies (right) with 
respect to the control run along the equator for simulations OMZrem20 (a-d) and OMZrem30 (e-
h).

6



References

Boyle, E. A., Sclater, F. R., & Edmond, J. M. (1977). The distribution of dissolved copper in the
Pacific.  Earth  and  Planetary  Science  Letters,  37(1),  38-54,  doi:  10.1016/0012-
821X(77)90144-3

Bruland, K., Knauer, G., & Martin, J. (1978). Zinc in north-east Pacific water.  Nature 271, 741–
743. doi: 10.1038/271741a0

Bruland, K. W. (1980). Oceanographic distributions of cadmium, zinc, nickel, and copper in the
North  Pacific.  Earth  and  Planetary  Science  Letters,  47(2),  176-198.  doi:  10.1016/0012-
821X(80)90035-7

Goring-Harford, H. J., Klar, J. K., Pearce, C. R., Connelly, D. P., Achterberg, E. P., & James, R. H.
(2018).  Behaviour  of  chromium  isotopes  in  the  eastern  sub-tropical  Atlantic  Oxygen
Minimum  Zone.  Geochimica  et  Cosmochimica  Acta,  236,  41–59.  doi:
10.1016/j.gca.2018.03.004

Huang, T., Moos, S. B., & Boyle, E. A. (2021). Trivalent chromium isotopes in the eastern tropical
North Pacific oxygen deficient zone. Proceedings of the National Academy of Sciences of the
United States of America, 118(8), e1918605118. doi:10.1073/pnas.1918605118

Isshiki, K., Sohrin, Y., Karatani, H., Nakayama, E. (1989). Preconcentration of chromium(III) and
chromium(VI)  in  sea  water  by  complexation  with  quinolin-8-ol  and  adsorption  on
macroporous resin. Analytica Chimica Acta, 224, 55-64. doi: 10.1016/S0003-2670(00)83444-
3

Janssen,  D.  J.,  Rickli,  J.,  Abbott,  A.  N.,  Ellwood,  M.  J.,  Twining,  B.  S.,  Ohnemus,  D.  C.,
Nasemann, P., Gilliard, D. and Jaccard, S. L. (2021). Release from biogenic particles, benthic
fluxes,  and deep water circulation control  Cr and δ53Cr distributions  in the ocean interior,
Earth Planet. Sci. Lett., under review, preprint doi:10.1002/essoar.10506828.1

Johnson, K. S., et al. (2007). Developing standards for dissolved iron in seawater. Eos Trans. AGU,
88(11), 131– 132, doi: 10.1029/2007EO110003

Moos, S. B., Boyle, E. A., Altabet, M. A., & Bourbonnais, A. (2020). Investigating the cycling of
chromium in the oxygen deficient waters of the Eastern Tropical North Pacific Ocean and the
Santa  Barbara  Basin  using  stable  isotopes.  Marine  Chemistry,  221,  103756.  doi:
10.1016/j.marchem.2020.103756

Nasemann, P., Janssen, D. J., Rickli, J., Grasse, P., & Jaccard, S. L. (2020). Chromium reduction
and associated stable isotope fractionation restricted to anoxic shelf waters in the Peruvian
Oxygen  Minimum  Zone.  Geochimica  et  Cosmochimica  Acta,  285,  207–224.  doi:
10.1016/j.gca.2020.06.027

Rickli,  J.,  Janssen,  D.  J.,  Hassler,  C.,  Ellwood,  M.  J.,  &  Jaccard,  S.  L.  (2019).  Chromium
biogeochemistry  and  stable  isotope  distribution  in  the  Southern  Ocean.  Geochimica  et
Cosmochimica Acta, 262, 188–206. doi: 10.1016/j.gca.2019.07.033

Schlitzer, R. et al., (2018). The GEOTRACES Intermediate Data Product 2017. Chemical Geology,
493, 210-223, doi: 10.1016/j.chemgeo.2018.05.040

7


