Sediments and the Global Carbon Cycle
(Exercises conceived by Dr. Elana Leithold, North Carolina State University)
Introduction:

When we talk about a cycle, we are referring to something that starts somewhere and comes back to the same place. The global carbon cycle refers to the movement of the element carbon through different storage places, or reservoirs, on Earth. These reservoirs include the biosphere (living things), the atmosphere, soils, the oceans, sediments, and sedimentary rocks. Carbon moves (cycles) through these various reservoirs at different rates. Most carbon near Earth’s surface cycles fairly quickly. The turnover time of carbon in the atmosphere, for example, is about 3-5 years while the average turnover time of carbon in plants is about 50 years. Soil organic matter has a range of turnover times, but averages about 3000-5000 years.
We can think to the “short-term” carbon cycle as having a slow leak. A small amount of carbon escapes to be stored in marine sediment and sedimentary rocks in either an inorganic form as carbonates (e.g. limestones) and as disseminated organic matter (kerogen), primarily in mudrocks. This carbon has a turnover time of millions of years. Over a geologic time the “slow leak” has had enormous consequences for our humans and our planet and. It is responsible for the existence of fossil fuels on which our society depends and for regulating atmospheric chemistry (i.e., CO2 and O2 concentrations) and climate. 
The following exercises focus on exploring the role of marine sediments in organic carbon burial and on using the composition of organic carbon preserved in sediments and sedimentary rocks to reconstruct ancient environments.

The objective of this exercise is to:

1) Discuss how stable carbon isotopes can indicate the sources of organic matter, and be used as a tool to interpret paleoenvironments.

Using organic carbon in sediments to interpret past environments

One of the most common tools used to interpret the sources of organic matter in sediments and sedimentary rocks is the ratio of the two stable carbon isotopes, 13C and 12C. The ratio of these two isotopes of carbon in a sample of sediment, which can be measured using an instrument called a mass spectrometer, is usually expressed as a per mille (‰) deviation (13C) from the ratio measured in an internationally recognized standard (the Pee Dee Belemnite, PDB):
13C (per mille, ‰) = [(13C/12C)sample/(13C/12C)standard – 1] x 1000

Values of 13C that are relatively small (i.e., more negative) indicate a sample that is depleted in the heavier isotope, 13C relative to the standard. In contrast, greater (more positive) 13C values indicate relative enrichment in 13C.
Stable carbon isotopes are useful for the interpretation of sedimentary environments because they occur in different proportions in the organic matter originating in plants on land and that originating from plankton near the ocean surface. During photosynthesis, all plants preferentially take up 12C, resulting in organic matter that is depleted in 13C compared to the atmosphere (currently atmospheric CO2 has a 13C of -8‰). Most (90%) terrestrial plants fix CO2 by the C3 photosynthetic pathway, a process that results in organic matter with 13C values ranging from -32 to -21 ‰ and averaging about -27‰. Marine plankton, in contrast, have 13C values between about -24 and -16‰, with an average of about -21‰.
Estuaries are one environment where both terrestrial plant and marine algal organic matter accumulate in sediments. A gradient in the 13C and C/N of organic matter is commonly observed in modern estuaries. In the upper reaches of the estuary, organic matter in sediments typically has 13C values of around –28 to 25 ‰, indicating a predominance of terrestrial OM. Further downstream, near the estuary mouth, 13C values of about -21 to -19 ‰, reflecting the deposition of marine algal OC. By determining an average “end-member” 13C for the terrestrial and marine OC (13Cterr and 13Cmar) in a particular system, the fractions of material from these sources (Fterr and Fmar) can be estimated using a simple mass balance where:

(1) (13C)sample = Fterr(13Cterr) + Fmar(13Cmar)
(2) Fmar = 1 – Fterr
Combining these two expressions, we get:

(3) Fterr = [13Csample - 13Cmar] / [13Cterr - 13Cmar]
Example: A sample of sediment recovered from an estuary has organic carbon with 13C = -25. Assuming that the terrestrial OC in this area has a 13C of -27 and the marine OC has a 13C of -20, how much of the OC in this sample is terrestrial and how much is marine?

Fterr = [(-25) – (-20)] / [(-27) - (-20)] = 0.71 (71%)
Fmar = 1- 0.71 = 0.29 (29%)

Exercise: A recent study by Zong et al. (2006) utilized the trend in 13C along the axis of the lower Pearl River estuary in southern China to interpret the record of river discharge preserved in a 10-m-long sediment core containing Holocene sediments. Their reconstruction relies on the observation that the position of the freshwater/salt water interface in estuaries is governed by the balance between river flow and tides. During times of increased river discharge, terrestrial OC tends to accumulate further seaward in estuaries than during times of diminished river flow.
The data below are based on the study by Zong et al. (2006), but have been modified for the purpose of this exercise.
a) For each data point, use the carbon isotope mass balance equation (equation 3) to calculate the fractions of terrestrial (13C = -26.5 ‰) and marine (13C = -21.0 ‰) carbon.
b) What do these trends suggest about changes in river discharge and climate in southern China during the Holocene? 
c) What other types of data might you want to collect from the Pearl River estuary core to test your interpretation? 
d) In what other types of sedimentary deposits/sedimentary rocks might carbon isotopes be used in a similar fashion for paleoenvironmental information?

	Depth in core (cm)
	Approximate age of core interval (years before present, based on 14C)
	Measured 13C of organic matter
	Calculated % terrestrial and % marine OC

	0
	recent
	-23.3
	

	100
	1470 
	-24.5
	

	200
	3350
	-25.0
	

	300
	4400
	-25.5
	

	400
	5476
	-25.7
	

	500
	6050
	-25.8
	

	600
	6800
	-26.5
	

	700
	7200
	-26.2
	

	800
	7800
	-25.5
	

	900
	8155
	-24.6
	

	1000
	8500
	-23.5
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