Geol 310, Geomorphology Lab 2
Finish by end of lab today


Final report for labs 1-3 due Apr. 14
Build a Delta, Part II: Analysis


Now we have built a delta in our Delta lab room.  What do we do with it?  More specifically, how do we analyze it?  How do we test your ideas for its formation?  One of the most powerful methods for evaluating sedimentary processes is grain-size analysis.  This means measuring the changes in grain size in a landform, and relating them to processes.  For example, waves are good at sorting grains, which is why beaches often have highly uniform sand sizes.  Conversely, debris flows and glaciers are very poor sorters of sediment; they tend to just dump material without regard to size.  In this part of the lab, you will get to use a high-tech machine to test your predictions of how and why the grain sizes change in our delta.  The goal is to learn how to use quantitative measurements to test your hypotheses, and also to learn the limits of those measurements.


As we noted in the first lab, deltas form wherever a river carrying sediment flows into a standing body of water.  The main force causing the sediment transport is water motion; the higher the velocity, the more sediment a river can carry (this is known as stream “capacity”), and the bigger the sediment it can transport (known as stream “competence”).
1) As a river flows into a lake or the ocean, what happens to the velocity of the stream?  Is this change gradual or sudden?  In other words, does it slow to zero velocity as soon as it reaches the edge of the delta, or does the current continue out into the open water a distance?
2) Given this observation, what would you predict will happen to the sediment that the river is transporting? Why?

On the attached sheet, there is a graph that shows a grain-size analysis of the original (unsorted) “dunite dust” sediment that we used in the stream table for our experiment.  The horizontal axis is grain size in microns (a micron, or micrometer (µm) is a thousandth of a millimeter, or one millionth of a meter).  Note that the scale on the graph is logarithmic.  The vertical axis indicates the volume percentage of each grain size relative to the total (so adding all the different categories together would equal 100% of the sample); this scale is linear.   Note the shape of the curve, how it tapers at either end, and where the peak of the curve (the mode) is.  This is what our “river” had to start with.  Also attached is a copy of the grain size categories for the major sediment classes that most geologists use (called the “Wentworth” scale: clay, silt, sand, etc.). 

3) Compare the Wentworth Scale to the measurements in microns/millimeters.  What is the grain size range for this sediment, in both µm and on the Wentworth scale?  What is the mode?

4) On the graph, draw vertical lines that divide the major Wentworth grain-size categories, and label them (e.g., Clay, Very Fine/Fine Silt, Med/Coarse Silt, Fine Sand, Medium Sand, Coarse Sand)
Sampling: Now we have to decide on a sampling strategy for our delta.  Over the weekend, I drained the delta, so that we now have full access to it.  After breaking into 4 groups, decide within your group where we should sample (assume 15 samples), and indicate the sites on the sketch below.   A representative of each group will draw their sampling procedure on the board; Be prepared to describe and defend the reasoning behind your group’s sampling strategy!
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Once we have decided on a single sampling procedure, I will split you into groups of two, and assign a sample number to each pair.  We will sample the delta, and analyze these samples during class, on our remotely-operated Malvern Mastersizer 2000 Laser Particle-Size Analyzer!  As each sample is analyzed, we will print a graph of the results.  

5) While the samples are being analyzed, you will need to make some important predictions on the grain-size graph.  NOTE: be sure to use a different colored pencil for each predicted curve, and label each clearly!
a. Given the original sediment, predict (by drawing on the graph of the original sediment) what a plot of the grain size will look like for sediment from the apex (the head) of the delta (use RED).

b. On the same graph, draw what you think a plot of the grain size will look like for sediment from the middle of the topset beds (use ORANGE).

c. Ditto for the foreset beds (use YELLOW).

d. Ditto for the bottomset beds near the delta face (use GREEN). 

e. Ditto for the bottomset beds far from the delta might look like (use BLUE).

6) Now, discuss with your partner what might be the different processes that would cause both the changes in grain size that you’ve predicted, and also the unique shape of a delta (in other words, why does a delta have a flat top surface, a steep front face, and then flat outer deposits, with sharp boundaries between each?).  Describe your ideas about these delta forming processes in the space below.   Be specific; link your ideas to both grain size and landform shape.  These answers will help you later when you get the results.  Use sketches or drawings if it helps.

Finally, once you have the actual print-outs of your sample’s grain size curve (look on the course web page if necessary):

7) Describe how your sample compares to your prediction (remember to note where on the delta your sample came from).

8) Also look at some of the other groups’ analyses, and see how theirs compare to yours.  Describe some of the differences, and hypothesize why they are similar or different.  We will discuss your answers on the field trip (Wednesday) and in class on Friday.
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Figure 1.  Graph showing grain size distribution for unsorted dunite sediment used in the delta stream table for the Geol 310 delta lab.  Note that the horizontal scale is logarithmic.  This is the sediment that the stream flows over and erodes.  Which grains will be transported to the delta?  Which will be deposited?  Will all grains be deposited?


Compare grain size distribution to the Wentworth scale included in the handout, and draw the boundaries of the grain-size categories on this graph.

	φ scale
	Size range
(metric)
	Aggregate name
(Wentworth Class)

	< −8
	> 256 mm
	Boulder

	−6 to −8
	64–256 mm
	Cobble

	−5 to −6
	32–64 mm
	Very coarse gravel

	−4 to −5
	16–32 mm
	Coarse gravel

	−3 to −4
	8–16 mm
	Medium gravel

	−2 to −3
	4–8 mm
	Fine gravel

	−1 to −2
	2–4 mm
	Very fine gravel

	0 to −1
	1–2 mm
	Very coarse sand

	1 to 0
	0.5–1 mm
	Coarse sand

	2 to 1
	0.25–0.5 mm
	Medium sand

	3 to 2
	125–250 µm
	Fine sand

	4 to 3
	62.5–125 µm
	Very fine sand

	8 to 4
	3.90625–62.5 µm
	Silt

	> 8
	< 3.90625 µm
	Clay

	>10
	< 1 µm
	Colloid
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