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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 the 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. 

This set of exercises focuses 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.

Part II.  Organic carbon preservation and mineral surface area

What does organic carbon (OC) in sediments and sedimentary rocks look like?  Or put another way, where in a sample of sediment do we find the organic carbon?  Although our eyes may be drawn to macroscopic organic debris such as wood or leaf fragments, in actuality only a small amount of the organic matter in sediments is present as discrete, separable particles.  The bulk of the OC in most sediments is strongly bound to the mineral particles, coating individual grains and sandwiched between collections of them called aggregates.   We can illustrate this with a simple experiment, in which a sediment sample is submerged in a sodium polytungstate (SPT) solution with a density of 1.8 gm cm-3.  In this liquid, organic fragments (e.g. wood debris) will float, whereas mineral grains (average density of about 2.7 gm cm-3) will sink.  For most marine sediments, only a small amount of organic matter will float out of the sample, and in the case of wood or leaf debris, it is approximately 30% organic carbon. 

One of the most important realizations in recent years is that the OC content of sediments and soils is strongly correlated to mineral surface area.  The amount of OC in sediments appears to roughly equivalent to that required to coat the minerals in a molecule-thick layer of organic compounds, although several studies indicate that the organic material is actually not evenly spread on the particles, but rather is patchily distributed.  Why are OC content and surface area correlated?  Organic carbon appears to bind to the particles and to “hide out” in spaces on the particles and within aggregates, thereby protecting it from the bacteria that want to eat it!  Let’s explore the implications of this by doing some simple calculations of the amount of surface area per given weight of some different size classes of sediment.

The table below gives information about the number of grains of given sizes that would constitute 1 gram of sample, based on an average mineral density of 2.7 gm cm-3.  Assuming that these grains are roughly spherical in shape, fill in the table by calculating the surface area of a single grain and then the surface area of a gram of sample. Recall that the surface area of a sphere is given by 4  r2 (where  3.14 and r is the radius).

Table 4.  Surface area of spherical grains

	Size class
	Diameter of grains in microns
	Diameter of grains in meters
	Number of grains in a gram of sample
	Surface area of a single spherical grain
(in m2)
	Surface area of a gram of these grains
(in m2 gm-1)

	Coarse sand
	1000
	0.001
	708
	3.14 x 10-6
	0.0022

	Very fine sand
	100
	0.0001
	7.08 x 105
	3.14x10-8
	0.022

	Medium silt
	20
	0.00002
	8.85 x 107
	1.26 x 10-9
	0.11

	Fine silt
	4
	0.000004
	1.11 x 1010
	5.02 x 10-11
	0.56

	Clay
	1
	0.000001
	7.08 x 1011

	3.14 x 10-12
	2.22



Questions:  

1) How much more surface area does a 1 gm sample of 1 micron clay-sized particles have than a 1 gm sample of 100 micron very fine sand-sized particles?
100 x

2) Many sand and silt grains are coated with very fine particles of clay and iron oxides.  These tiny grains have typical surface areas of 200 m2 gm-1!  If a sediment sample is composed of 98% fine silt by weight and 2% iron-oxide particles, what would you predict its surface area per gm to be?
4.55 m2 gm-1

3) Based on the results in Table 4 and the observation that the amount of organic carbon in marine sediments is correlated to surface area, in which types of sediments and sedimentary rocks would you expect to find the most organic carbon?
Fine-grained sediments (mud, mudrocks)

4) It has been proposed that times of extensive mountain building on Earth have been times of extensive organic carbon burial.  Based on what you have learned about the relationship of organic carbon to mineral surface area, why do think this would be the case? 

Uplift results in increased rates of erosion, production of new mineral surface area
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