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MS: Advancing on large-scale trends of apparent organic matter reactivity in 
marine sediments and patterns of benthic carbon transformation 
 
Freitas et al. present an integrated geochemical analysis of organic matter 
decomposition kinetics from a variety of marine environments, using (in part) a 
continuum decay model, created by Rutherford Aris and his coworkers and first 
employed by Boudreau and Ruddick (1991) – BR91, hereafter – in marine 
sediments.  The present paper aims to better constrain the range of the values of 
the parameters in the continuum model by taking into account associated 
porewater data; the hope is to obtain a better understanding of the environmental 
controls on the decay and preservation of organic matter (OM) as a 
consequence.  While the work presented here does constitute significant 
progress towards the authors’ aim, the presentation is sufficiently muddled in 
places that it makes it difficult to evaluate the full extent of their progress, as I will 
explain below. 
 
A - The model presentation sections 3.2.1.2 and 3.2.1.3 are difficult to 
understand and, as a consequence, could be incorrect.  I highlight the following 
points in the order they appear in the text:  
 
 a) Equation (6), which is entirely equivalent to Eq (39B) of BR91, is valid 
only in non-bioturbated sediments; in that situation, the POC at any depth is only 
a function of parameters “a” and 𝜈, as the sedimentation rate is used to convert 
depth into age.  In bioturbated sediments (constant mixing and porosity), the 
appropriate form for POC (G) is given by Eq (49) of BR91,  
 

 
 
which cannot be reduced to a form like Eq (6) of the present paper.  There is no 
caveat with regard to Eq (6) in this paper.  This makes me wonder if ascribing all 
OM reactivity to parameters “a” and 𝜈 is really correct if the sediment is 
bioturbated.  That may very well explain the lack of correlation later described in 
Figure 6 of the present paper.  That point has not been considered.    
 
 b) To deal with bioturbated sediments, the authors bin the OM continuum 
by introducing Fi, which is the fraction of the total OM having reactivity between kj 
and kj+dkj.  Passing over the notational oddness of this “definition”, I would have 
expected the authors to state this mathematically as something like  
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        (A) 
 
 Instead, the authors state (line 318-321) that Fi is calculated by 
“integrating the initial probability density function (Eq. 4) … at time zero with  
 

          (10)   
 
 This confuses me to no end.  Trivially, Eq (5) is the initial PDF, not Eq (4).  
More importantly, ki so defined in unitless, whereas it must have units of inverse 
time.  To add to that confusion, the authors introduce a definition of Fi via Eq 
(11),  
 
Fi = F(kj,0) – F(kj-1,0)         (11)  
 
without ever telling us what F(kj,0) and F(kj-1,0) represent or their mathematical 
definitions.  Similarly, what are f(k1,0) and f(k200,0) in Eqs (12) and (13)?     
 
 c)  The symbols used in this manuscript are non-systematic, non-intuitive 
and idiosyncratic.  The first example is the use of Greek letter 𝜏 for the Gamma 
function.  The Gamma function is a well-known function in mathematics with 
symbol 𝛤(x), just like sine is sin(x) and the exponential is e-x.  Changing 𝛤 is like 
changing e to another letter of the alphabet; simply not done.  Another example 
is the use of multiple symbols for OM concentration, e.g., in some places 
POC(x), in some places G, as well as Ci is Eq (1).  F is used for fluxes on lines 
486-490, but also the OM fraction, as note above; J is used for fluxes in Eq (27).  
We have lower case f with different meanings in Eqs (8)-(9) and (12)-(13).  This 
might lead to a bit of confusion.   
 
 
B - On another point, the authors spend some time establishing the need for their 
approach by pointing out some shortcomings of the method in BR91.  
Specifically, the BR91 approach is “compromised” by loss of sediment at the top 
during coring, by assuming steady state over long periods in slope and coastal 
sediments, and by the supposed non-uniqueness of a and 𝜈 values (Meister et 
al., 2013).  Let’s consider each of these three points. 
 
 a) Firstly, the method in BR91 does not require the concentration of OM at 
the sediment-water interface (SWI).  It uses any data available and requires none 
at any specific depth.  When sediment is lost, and the top of the core is 
erroneously set to depth zero.  That depth error is translated into an error tin the 

Fi =
1

POC(0 )
om(k ,0 )dk

kj

k j+dk j

∫

ki =
kj+1
2dkj
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ages of the samples in the core.  The authors seem to think that only multicores 
can be used to avoid this.  While piston cores are problematic, properly collected 
gravity cores are far less prone to this problem, and that represents most of the 
data in BR91.   
 
 b) It is one thing to say that a non-steady state will affect calculated a and 
𝜈 values and quite another to specifically show that the profiles used in BR91 are 
so afflicted by such effects that they cannot be trusted.  The authors have not 
demonstrated that this is a problem in BR91.  The cores used by the authors also 
have non-steady state effects (I can guarantee that), but they do not question 
their own use of a steady state model. 
 
 c) The authors state that Meister et al. (2013) show that different a and 𝜈 
pairs can produce the same OM profiles.  My reading of that paper is that Meister 
et al. (2013) show nothing of the sort.  These latter authors show that the depth 
of the sulfate-methane transition zone (SMT) is not unique to a and 𝜈	pairs.  That 
in no way shows that the associated POC profiles are the same; in fact, Meister 
et al. (2013) display no POC profiles whatsoever. 
 
 To shore up their claim that simply fitting Eq (6) to their POC data is 
inadequate (“compromised”), the authors create a synthetic data profile and then 
demonstrate that various curves generated by Eq (6) with different a and 𝜈 
values resemble the data, i.e., their Fig. S1.  Like the present paper, BR91 use a 
statistical fitting technique; if uniqueness was a problem, the BR91 approach 
would have failed to produce fits with high R2 values, i.e., R2 > 0.8 in every case, 
non-uniqueness does not seem to be a problem.   
 
 What the authors have failed to do is: 1) to show that fitting Eq (6) to their 
own data below the mixed zone of sediments gives statistically different a and 𝜈 
values than their method that takes into account sulfate and methane profiles.  2) 
Show that the BR91 a and 𝜈 values as a group are demonstrably different than 
the values generated with their new method.  In fact, the opposite is true, as they 
state unequivocally in the conclusions (lines 900-901), their results for the 𝜈 
parameter “corroborate previous findings (Arndt et al., 2013; Boudreau and 
Ruddick, 1991) that the RCM parameter 𝑣 is globally relatively constant (𝑣  = 
0.1–0.2).”  As for the a parameter, they state that based “on 
inverse model results, we narrowed the most plausible range of 𝑎 to 100–104 
years.”  Reproduced below is Table 1 of the results in BR91.  Note that the 7th 
column reports the a values.  These values are in the range advocated by the 
present authors.    
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 It is not necessary for the present paper to advance demonstrably 
questionable claims about BR91 in order to justify the development and use of 
their method.  They need to show actual mproved robustness of their method.  
And in situations where the abundant chemical data available to the authors is 
absent, then Eq (6) may be all one can do.      
 
 
C – The authors keep referring to the parameter a as the apparent reactivity of 
the organic matter.  In non-mixed sediment the ratio 𝜈/a is the apparent 
reactivity.  And in mixed sediment, no study has established the form of the 
apparent reactivity.  Maybe the authors need to attenuate their discussion to 
those facts.     
 
 
D – Lines 754-771.  The discussion on the dominance of various oxidants seems 
isolated from previous work by many other authors.  As an example, I reproduce 
Table 3 from Boudreau et al. (1998. JMR) that reports exactly the same thing for 
a number of other sites.  Again, perhaps this other data should inform your 
discussion?  You might want to search for other documents of this type in past 
publications.    
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S4 site studied by Canéeld et al. (1993) in the Skaggerak; speciécally, oxygen utilization
accounts for only ,15% of carbon oxidation,while sulfate reduction amounts for ,52% of
the total, at each site. The only signiécant difference was the metal oxide contributions.At
S4, Mn(IV) and Fe(III) account for ,0.0 and 32.1% of the total reduction, whereas these
numbers are ,16 and 1.6%, respectively, at Station 3. The Station 4 metal contributions
could easily be in error because of numerous assumptions made in order to run the model
(e.g., the iron input); likewise, Canéeld et al. (1993) state that because of errors and
assumptions, the Mn(IV) contribution could be as high as 10%. Therefore, the similarity
may be more striking than suggested in Table 3. At both sites, most of the oxygen is used to
oxidize reduced by-products (i.e., Fe21, Mn21, H2S and NH3), rather than organic matter.
Metal oxide reduction deénitely rivals O2 utilization in the carbon balance. Estimates for
Flax Pond, New York, and Long Island Sound bear some similarity to Station 3, in that
SO4

5 is a dominant oxidant and O2 is not; however, further comparison is not possible
because metal oxide contributionswere not resolved by Mackin and Swider (1989).

In contrast to Station 3, our Station 4 strongly resembles the deep continental rise QP2

Table 3. Percent of carbon oxidized by various oxidants at the CJGOFS sites assuming steady state
and some other coastal and marginal sites available in the literature‡.

Site† O2 NO3
2 Mn(IV) Fe SO4

5 CH4§ Total¶

3 15.0 3.65 15.9 1.63 52.7 0.97 100.0
4 73.7 14.2 2.39 0.65 8.84 0.15 100.1
5 53.4 20.3 0.0 0.0 25.9 0.46 100.1
S4 13.6 3.2 0.0 32.1 51.1 — 100
S6 17.4 3.8 0.0 50.9 27.9 — 100
S9 3.6 5.7 90.7 0.0 ,1.0 — 100
FP1 6.0 13.5 — — 80.5* — 100
FP2 9.4 23.5 — — 67.1* — 100
FP3 9.7 11.7 — — 78.6* — 100
FP4 13.6 14.8 — — 71.6* — 100
LIS1 8.1 18.8 — — 73.1* — 100
LIS2 3.3 14.1 — — 82.6* — 100
QP2 68.62 6.82 1.32 0.032 6.02 — 100

74.1 12.1 2.3 0.06 10.8 — 100

‡Rates of OM oxidation by O2 are somewhat minimized and those of sulfate reduction are
maximized by our underestimationof FeS-FeS2 burial.

†S4, S6 and S9 are the Skaggerak sites (Canéeld et al., 1993). FP1, FP2, FP3 and FP4 are from Flax
Pond, New York, as sampled on 6/13/87, 7/29/87, 9/22/87 and 12/11/87, respectively (Mackin and
Swider, 1989). LIS1 and LIS2 are values from Mackin and Swider (1989) Long Island Sound Station
9, sampled on 1/28/87 and 8/6/87, respectively. QP2 is a continental rise site at 3160, east of Cap
Hatteras, reported by Heggie et al. (1987).

§Self-oxidation to produce methane.
*Mackin and Swider assume that carbon oxidation other than with O2 and NO3

2 is mainly
attributable to SO4

5.
¶Totals for CANDI can be different than 100% because of errors in numerical approximations.
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