
Resolving Multi-cycle C in Active Margins 

 

Objectives  

The C-cycle is actually a series of interlocked biogeochemical cycles that operate over timescales 

important to biology (fast) and geology (slow). Carbon in surface environments, such as soils and 

sediments, may have components from multiple C-cycles thus we call it multi-cycle C. Riverine 

sediments especially have multi-cycle C mixtures because they are derived from watershed-wide mass 

wasting processes. 

In this exercise, you will learn how to recognize and quantify some of the different pools of organic C in 

riverine sediments. You will then discuss how the pools vary in response to tectonic environment. The 

primary geochemical tool that you will use is 14C (radiocarbon), which provides information about age 

and thus the type of C-cycle involved. 

 

Working with 14C-data 

The radioactive decay law 

Radiocarbon (14C) is an unstable isotope of the element carbon (C). As such, it decays exponentially with 

time as do other radioisotopes, i.e. 

𝐴

𝐴0
=  𝑒−𝜆𝑡                    (1) 

where A is the activity of 14C in the sample (typically as 14C/12C), A0 is the original activity before decay, λ 

is the decay coefficient, and t is time in years. 

The decay coefficient is defined by 

𝜆 =  
ln 2

𝑡1/2
  ,         (2) 

where t1/2 is the half-life, the time required for 50% of the radioisotope to decay. The original estimate 

for t1/2 by Libby is 5568 years and this is still used in reporting 14C-ages in some conventions. An updated 

and more commonly accepted half-life, 5730 years, is used for other calculations (see below). 

 

Reporting 14C-contents 

The 14C-content of environmental samples is reported in a variety of ways. The simplest is fraction 

modern (Fm), 

 

Fm = As/(0.95*A1950)           (3) 

where As is the 14C/12C of the sample and A1950 is the activity of an oxalic acid reference material used to 

represent the 14C-activity of AD 1950. Some studies use the variant, percent modern C (pMC = Fm x 100). 

http://www.whoi.edu/nosams/radiocarbon-data-calculations
http://www.whoi.edu/nosams/radiocarbon-data-calculations


The classic 14C-age is estimated using equations 1-3, 

14C-age = - (ln Fm)/λ = -8033 ln Fm    (4) 

 

The parameter, Δ14C, is defined as the relative difference between the international standard 

(referenced to 1950) and sample activity corrected for collection age and 13C/12C ratio. The age 

correction accounts for 14C-loss after the collection of the sample. Thus, 

Δ14C = [Fm * eλ(1950-Yc) – 1] * 1000    (5) 

where Yc is the year of collection, and λ = 0.00012097.  

The 13C/12C correction is meant to reduce the potential impact of isotopic discrimination by chemical 

and/or biochemical reactions. Typically (but not always), the lighter isotope (12C) reacts faster than the 

heavier (13C, 14C) isotopes. If the isotope effect were to be large enough, this would bias the 14C-age.  The 

correction is applied to Fm,  

Fm (13C-corrected) = Fm [ (1-25/1000) / (1 + δ13C/1000)]2  
  (6) and, 

δ13C = [(Rsample /RVPDB ) -1] * 1000     (7) 

where R is the 13C/12C ratio of the sample and Vienna PeeDee Belemnite international standard 

respectively. The user typically does not need to make this or the age correction as these are done for 

you by the measurement facility. One should be aware of these corrections when interconverting 

between Fm, age and Δ14C however. 

 

Mixing equations 

The organic matter in sediments and soils is a mixture of materials with different 14C-contents. The 14C-

content of the mixture is described by the isotopic mixing equation, 

Ftot = ∑fiFi       (8) 

where Ftot, Fi are the fraction modern values of the total and individual components (i), and fi is the 

fractional abundance of each of the components. The mass balance constraint is given by 

Problem 1: Derive equation 4 using equations 1-3. What half-life of 14C is used in this derivation? 

Problem 2: As noted above, 14C-data are reported in a variety of formats. Table 1 contains 

radiocarbon measurements for riverine suspended sediment organic matter. To have all the data 

in a single format that can be easily manipulated mathematically, calculate Fm using the Δ14C 

values. The 13C-correction is not required. Calculate 14C-ages as well. 

 



1 = ∑fi        (9) 

Insofar as we have only two equations (8-9), we can only resolve two components with the use of 14C 

only. Additional isotopic tracers, such as 13C, would be needed to resolve more components. Thus for 

the simplest scenario with radiocarbon only, 

Ftot = f1F1 + f2F2 = f1F1 + (1-f1)F2 = f1(F1 – F2) + F2   (10) 

As you will see, derivations of equation 10 are used to estimate the end-member Fm values and/or the 

relative abundances of the endmembers. 

 

Resolving multi-cycle C 

The organic matter in the suspended sediments carried by a river is a multi-cycle C mixture derived from 

a watershed-wide mixing and integration of sources.  The radiocarbon content of the organic matter in 

the suspended load will provide an indication of sediment source. A correlation between organic carbon 

concentration and Fm would provide evidence for a mixture (Fig. 1). In the example provided by Fig. 1, 

the mixing curve was generated by mixing one source of material with a Fm = 1.0 in varying amounts to a 

constant background of material (%C = 1.0) with a Fm = 0. This might be expected if modern C were 

added to a background of fossil C. 
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Fig. 1: A simulation of mixing of two sources of organic C in which one provides a constant background 

concentration. One end-member has a Fm = 0.0 and %C = 1.0. The second source (Fm = 1.0) was added 

incrementally to the first source. The data were produced by a variant of mixing equation 10, 

Fm = (c1F1 + c2F2)/(c1 + c2), where c1, c2 are the %C values of each endmember and %Ctot = c1 +c2. 

 



 

 

 

Inspection of the mixing curve can provide estimates of the two end-member contributions. Let’s see 

what real data reveal. 

 

 

 

 

Rearrangement of the mixing equation in the Fig. 1 caption can allow us to estimate end-member 

values. If 

ctotFtot = c1F1 + c2F2  and ctot = c1 + c2 , then 

ctotFtot = ctotF2 + c1(F1-F2)      (11). 

Equation 11 has the format of y = mx + b. Performing a linear regression of ctotFtot (as y) versus ctot (as x), 

one obtains a slope (F2) and a y-intercept (c1(F1-F2)).  An example is provided by Fig. 2, which uses the 

information from Fig. 1. 
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slope = F2 = 1.0

y-intercept = c1(F1-F2) = 1.0, thus c1 = 1.0

 

Fig. 2: Plot and linear regression of %C*Fm versus %C. Data are from mixing simulation shown in Fig. 1. 

 

Problem 3: Generate a mixing curve similar to the one in Fig. 1 using one end-member (F1 = 0, 

%C = 0.5) as a constant background and another (F2 = 1.04) as a variable input. 

Problem 4: Plot Fm as y versus %C as x using the data for rivers from Table 1. Does it look like a 

mixing curve for two sources? If so, visually inspect your graph and estimate the end-member Fm 

values. If you conclude that one source is providing a near-constant background, what is the 

approximate concentration?  The data are noisier (more scattered) than the pure mathematical 

simulation in Fig. 1 and Problem 3. What could cause the noise? 

Problem 5: Reproduce Fig. 2 using your data from Problem 3. Perform a linear regression on the 

results. How does the information obtained from the slope and intercept compare to the 

original end-member values used for the mixing curve? 



Using the techniques that you have learned in the previous problems, let’s analyze actual river data to 

look for evidence of multi-cycle C. 

 

 

 

 

 

 

 

In the next set of questions, we consider what your results tell us about the environment that produced 

some of them. 

 

 

 

 

 

 

 

 

We have assumed that fossil organic C presents a near constant background in river samples, and to a 

first approximation, the mixing curve is consistent with that idea. However, there is a suggestion in the 

literature (see Blair and Aller, 2012) that the fossil C is lost in larger watersheds such as the Amazon. Can 

you find the data for such locations on your mixing curve? Can you find any indication in the data that 

the 2-end-member mixing model using fossil and modern C is not a perfect description of nature? 

As a final step in this exercise, provide a summary that compares and contrasts the nature of particulate 

organic that is eroded and transported from landscapes and delivered to the ocean on active and 

passive margins. Discuss the intersection of the various C-cycles (biological to geological) in each 

scenario. 

 

 

 

 

Problem 6: Apply the linear regression approach to the river data in Table 1. If one assumes one 

source of C is fossil in origin (from sedimentary rocks), what are the values for c1, F1 and F2?  

One data point (F = 1.08) is a slight outlier and might overly influence the regression. Rerun the 

regression excluding the datum and report the results. Does the F = 1.08 point significantly 

influence the results? Consider any difference that you see when answering any subsequent 

questions. 

What is the approximate age of the organic C added to the sedimentary rock background? What do 

you think is its source? 

 

Problem 7: From what locations are the oldest samples?  Describe the environments. Are these 

active or passive margin settings? Are the rivers large or small? Do you think the environments are 

steep-sloped or flat? 

What is your estimate of the portion of fossil and modern C in them? Why do these locations 

produce mixtures that have so much fossil C proportionately? 

The average fossil organic C content of sedimentary rocks worldwide is ~0.5% by weight.  How does 

your computed value of fossil C in the river sediments compare? What do you learn from the 

comparison?  

 



Table 1. 
 

 
 
 
 
 

River Location Yc POC (wt%) D14C 14C-yr BP Fmod Citation

Amazon South America 0.65 0.79 Bouchez et al. 2010

0.92 0.78

1.22 0.81

0.93 0.77

Beni South America 0.51 0.441 Bouchez et al. 2010

0.61 0.551

0.45 0.42

0.47 0.41

Eel California 1999 0.92 -402.5 Leithold et al. 2006

Haringvliet The Netherlands 1997 3.3 -150 Megens et al 2001

Ishikari Hokkaido Island, Japan 2004 1.81 -364 Alam et al. 2007

2004 2.23 -173

2004 5.41 -103

2004 3.81 -169

2004 3.02 -174

2004 2.51 -228

Langyang Hsi Taiwan 1993 0.6 0.2

1993 0.7 0.13

1993 0.7 0.29

1993 19.5 1.08

Mackenzie NW Canada 1987 1.46 -594.2 7200 Goni et al. 2005

1987 1.84 -680.3 9110

1987 1.67 -714.4 10000

Madiera South America 0.62 0.706 Bouchez et al. 2010

0.65 0.683

Meuse Eijsden, The Netherlands 1993 4.4 -40 Megens et al. 2001

Navarro California 2004 1.54 -165.5 Leithold et al.  2006

2004 1.48 -176

2004 1.01 -269.5

Noyo California 2004 2.52 -30.7

2004 2.61 -1.6

2004 2.14 -230



Table 1., continued 
 

 
 
 
 
 
 
 
 
 
 

River Location Yc POC (wt%) D14C 14C-yr BP Fmod Citation

Rhine Lobith, The Netherlands 1993 3.1 -79 Megens et al. 2001

Lobith, The Netherlands 1993 5.9 -107

Maassluis, The Netherlands 1993 5 -93

Santa Clara California 1998 0.94 -271 Komada et al. 2004

1998 1.11 -437

2002 3.44 -232

2003 1.76 -276

2003 1.01 -544

2003 1.37 -333

1997 3.6 -139

1998 1.6 -657

1998 0.74 -418

1998 1.22 -534

Solimoes South America 0.79 0.862 Bouchez et al. 2010

1.13 0.833

0.95 0.827

Suislaw Oregon 2004 6.7 7.1 Leithold et al.  2006

Tokachi Japan 2003 1.3 -215 Nagao et al. 2005

2003 1.5 -242

2003 3.4 -160

2003 4 -101

Waiapu New Zealand 2003 0.56 -724.6 Leithold et al. 2006

2003 0.50 -698.1

2003 0.54 -741.6

2003 0.55 -765

2003 0.59 -726.7

2003 0.6 -721.9

Waipaoa New Zealand 2003 0.44 0.40 Leithold et al. 2006

2003 0.64 0.48

2003 0.72 0.51

2003 0.82 0.74

2004 0.79 0.54

2004 0.91 0.59



Table 1., continued 
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