Lab: Investigating Sand

Introduction:

Sand, along with gravel, silt and clay are collectively known as sediment, and are produced by the mechanical and chemical breakdown of rocks. Once broken off from the original source rock, this material is then eroded and transported by either wind, water or ice, often ending up at the deposits of rivers or lakes, as sand dunes, or ultimately as sediment in the sea. Eventually this material may be buried to sufficient depth within the earth to harden and form sedimentary rock.

The composition of sand is largely dependent on the source material. For example, the sand around volcanic islands is often composed of volcanic rock fragments, volcanic glass, and other minerals associated with volcanic rocks. In contrast, sediment found on the beaches of California are largely composed of quartz (the most durable common mineral), possibly some feldspar (also durable, but more easily chemically weathered to clay), and other minerals associated with the igneous rocks which form the bulk of the mountain ranges and continental crust nearby. In areas where there is no good source of sedimentary material from mountains or volcanoes, sand is often entirely composed of organic material i.e. shell fragments, coral, and the skeletons of small planktonic organisms.  If you have a good idea of what the parent rock was, composition also tells you something about the chemical weathering since the sediment was broken off.  Some minerals will quickly decompose when exposed to moisture and oxygen.  Feldspar is one such mineral as are the dark minerals amphibole and pyroxene.  Quartz, and muscovite mica are pretty hardy.

The texture of sediment is largely determined by the transportation process. The three important parameters used to assess the texture of sediment are size, rounding and sorting. 

Grain Size - The terms gravel, sand, silt and clay carry with them a size connotation. Gravel is any material greater than 2 millimeters in its largest dimensions. This includes boulders, cobbles, pebbles and granules (in decreasing size order). Sand is any material between 2mm and 0.06 mm in size. We usually sub-divide this catagory into very coarse, coarse, medium, fine etc... In practical terms, very fine sand is about the smallest grain size you can still see with the naked eye. Silt is material which is finer than sand, but still feels gritty when rubbed on your teeth. Clay is the finest material of all, and pure clay will feel smooth on your teeth, and will form a sticky ball when wet. As a general rule, material gets smaller the more it has been transported. Therefore very coarse material usually indicates a short distance of transport and vice versa.  Size could also tell you about the transporting agent (the agent of erosion) and the environment of deposition.  Fine sediment will not be laid down in a fast moving stream or an active beach.  As we have discussed before, wind cannot lift boulders.  Thank goodness.

Rounding - As material is transported, it is subject to abrasion and impact with other particles which tends to "round-off" the sharp edges or corners. Therefore a well-rounded sand grain has probably traveled a great distance from its original source area, while an angular grain has probably only been transported locally. Be careful not to confuse rounding with sphericity. A well-rounded grain may or may not resemble a sphere. Rounding might also tell you about the agent of erosion.  Glaciers carry individual grains suspended in ice where they do not knock against each other and round.  Water on the other hand is a fluid in which the grains are likely to interact.

Sorting - The sorting of a sediment is simply how well the sedimentary material is separated out by size. For example, if all the grains in a sediment sample are very nearly the same size, then we say the sample is "well-sorted." If a sediment sample were to contain pieces of gravel, as well as sand and silt, it would be a "poorly sorted" sample. Sorting is somewhat dependant on the distance of transport, but it is primarily affected by the type of transport. Water is an excellent medium for sorting of particles by size (and density). Wind is probably the best sorting mechanism of all, but only on the finer grain sized (not much gravel is moved by wind transport). Ice is the poorest sorting mechanism, transporting and depositing all sizes of sediment with equal ease.

  Each sand tells a story about its parent rock, as well as its transportation (erosion) and its deposition.  Was it a coral reef or a stable continent that was the parent?  Was it wind, a river, a glacier or waves that worked this sand last?  What was the climate like during its journey and how long has it been traveling?  Geologists learn to read earth history through studying sands and rocks.  The first stage is gathering all the information you can about your sand.  After that you must learn how to analyze this data to tell the history of your sand

Procedure:

1. Examine samples 1, 2, 3, and 4 with a magnifying glass 

2. Composition refers to what the sand is made of.  “Sand” is simply a term for a size of sediment and could be made of rock fragments, mineral grains, shell fragments, or any combination of those!  Use the index card called “composition” and sand grain identification sheet to help identify the individual grains and estimate percentages.  Record in table 1.

3. Size refers to the average size of the sand grains. Use the size chart to help identify size.  Record in table 1.

4. Sorting refers to the degree to which particles in a sand are uniform in size. Use the sorting chart to identify the sorting level. Record in table 1.

5. Rounding refers to how smooth the edges of the grains are.  Use the rounding chart to identify how round it is.  We are not concerned with sphericity (how close to a spherical shape it is) right now. Record in table 1.

6. Answer questions 1-11 on lined paper.

Questions:

1. Explain how you know that sand # 1, sand # 2, and sand # 3 came from different parent rocks.  

2. Describe what kind of parent rock/material you think each sand came from.

3. The composition of a sand is determined by the parent rock as well as what has happened to it since it began to break apart.  Sand # 1 was weathered from typical granitic continental rock which has roughly equal portions of feldspar and quartz with small amounts of dark minerals (pyroxene, amphibole) and mica (muscovite, biotite).  Look at the composition of sand #1.  Compare its composition to that of the parent rock and try to explain what could have caused any differences you see.  Look at figure 3.10 when formulating your answer.

4. How do you think climate (humid vs. dry) and amount of time affect the overall composition of a sand with different minerals in it (such as a granitic sand)?

5. Size of sand grains can tell you many things and you have to look at it in context of other clues.  What are 2 things that size could tell you about the history of the sand?

6. Sorting often is the best clue to what agent of erosion last transported the sand.  What agents (wind, running water, waves, glaciers) would be very good at sorting?  Which would be the worst? Why do you think so?

7. Rounding can tell you several things and you have to look at it in context of other clues.  What does the rounding of sediment tell you?

8. Which sand do you know formed in a volcanically active region, probably far away from other types of rock, perhaps even an island? How do you know?

9. Which sand do you know was not a river sand? How do you know?

10. Which sand was most likely from glacial deposition? How do you know?

11. Fill in the following analysis chart showing what conclusions you have drawn about the history of the sand: its parent, its erosion (including this such as what agent, how long, what climate), and finally its environment of depositon. Do your best, this is tricky and requires educated guesses…which is exactly what geologists have to do!  You do not have to know everything about each, if you have nothing to go on for a certain category, just say so.
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