Lab # 1

Mineral Separation Techniques
Introduction

Minerals are typically separated from rocks for one of the following reasons:

1- Radiometric age dating: A variety of minerals are useful for radiometric age dating, depending on the technique used. The most common techniques used for age dating are:

	Techniques
	Minerals dated

	U-Pb, Th-Pb, Pb-Pb
	zircon, rutile, sphene, allanite, monazite, garnet

	Pb-Pb
	galena

	Rb-Sr
	micas, K-feldspar, clay minerals, intermediate to sodic plagioclase

	Ar-Ar & K-Ar
	micas, K-feldspar, clay minerals, hornblende

	Sm-Nd
	garnet, pyroxenes, amphiboles

	Lu-Hf
	garnet, lawsonite

	Fission track 
	apatite, zircon, sphene

	(U-Th)/He
	apatite, sphene, zircon

	Carbon-14
	carbonates of organic origin 

	U-Th
	calcite


2- Stable isotope analysis: Analysis of stable isotopes is very useful for understanding the nature of fluid – rock interactions (i.e. amounts and compositions/ types of fluids with which the rock interacted), temperatures of formation/ equilibration of minerals, and understanding the origin of rocks and mineral deposits. Stable isotopes of Oxygen, Hydrogen, Sulfur, and Carbon are most commonly analyzed for, although recent advances in analytical techniques have allowed for the analysis of stable isotopes for the heavier elements (e.g. Fe!). Minerals commonly analyzed for Oxygen isotopes are silicates, oxides, and carbonates, for Sulfur sulfides (and some sulfates), for Hydrogen hydroxides and hydrous silicates, for carbon carbonates.
3- Measurement of some specific physical properties for that mineral, such as density, elasticity, thermal expansion, compressibility, electrical resistivity, heat capacity, …. etc.
4- Chemical analysis of that specific mineral by routine wet chemical methods. This is becoming a rarity nowadays, as we tend to analyze minerals in situ within their rocks by a variety of electron beam techniques.
Sample Preparation
To separate minerals from a rock, you must have some prior knowledge about the relative abundance of that mineral in the rock, which would then serve as a guide as to how much of the rock sample you should process. Prior to beginning your work, you should also know (at least in a rough sense) the grain size of the minerals you wish to separate. A third piece of information is whether the mineral of interest contains any inclusions (as these are definitely not desired as they will interfere with most of your analyses). If the mineral is coarse grained, and is fairly abundant within the sample (modal content of > 10%), then a grapefruit sized sample is probably enough. On the other hand, if you are interested in separating an accessory mineral like sphene, zircon, or apatite, then your sample should be several kg in weight (minimum size that of a human head).
1- Crush your rock using a hammer on a metal plate into small sized pieces (1 – 2” pieces). The piece of rock should be fairly fresh (i.e., you should first chip off the weathered surfaces).
2- Use a disk grinder to break your sample down to sand sized particles.

3- Sieve your sample using several sieves. Use the following table to help decide on the combination of sieves you want to use (it applies to the standard sieves in the Sed/Strat room).

	Mesh #
	mm

	9
	2.0

	16
	1.0

	32
	0. 5

	60
	0.25

	100
	0.15

	200
	0.075

	325
	0.0475


4 Select the appropriate sieved fraction depending on the grain size of the mineral you want to separate. Generally you should use the sieve size that is ~ ½ the grain size of interest. Note that the fraction below 200 mesh tends to be useless for separation of all minerals except your clay fraction. For most purposes (age dating, stable isotope work), you will find the fraction between 32 and 60 mesh most useful, especially for further processing with the Frantz.

5 Examine the different size fractions optically (using a binocular scope if needed) to determine which size fraction contains the highest concentration of the mineral you wish to separate. Note whether that fraction needs further disaggregation or not.
6 Once you are happy with the size fraction to process, wash it in distilled water (or alcohol) thoroughly, decanting the supernatant that is dusty. Dry in an oven or a hood. Your sample is now ready for the next step.

Magnetic separation of minerals using the Frantz Isodynamic Separator

General Comments:

The Frantz Isodynamic Separator (FIS) separates minerals according to their magnetic susceptibility, and how the individual grains respond to the electromagnetic field versus gravity. It is a high precision, but very slow piece of equipment that is useful for processing and handling small quantities of your sample. It can only work with a grain size between 28 and 200 mesh. Samples larger than 28 mesh will clog the separator.
Principle of operation:

Magnetic properties of minerals: Minerals are classified into four groups based on their attraction to a magnetic field (~magnetic susceptibility), namely:
1. diagmagnetic: repels a magnet, zero dipole moment

2. paramagnetic: random arrangement of magnetic dipoles in a crystal structure; drawn weakly to a magnet. Example: olivine.

3. ferromagnetic: similar to paramagnetic but has domains that align easily in the presence of an external magnetic field; therefore strongly attracted to a magnet. Example: Fe.

4. ferrimagnetic: antiparallel ionic spin moments; permanent magnetic domains are there. Example: magnetite

The FIS has a chute between the poles of an electromagnet. This chute is partitioned along its length. It can be tilted in two direction: forward (herein called slope), and sideways (herein called tilt). Forward slope controls the speed of movement of the grains down the chute, whereas tilt controls how well the minerals are separated according to their susceptibility. The FIS is typically set up with a slope of 15° and a tilt of 10 – 15° away from the operator. The electric current is then varied to separate the different minerals as they move down the chute.
Standard Procedure:
1- Spread your sample on a filter paper or clean paper. Move a magnet across the sample (but without touching it) to pick up all strongly magnetic minerals. Alternatively, you can run the FIS as a “Carpco separator” by having the magnet set in the vertical position (explained on page 12, part B of the SOP).
2- Set the forward slope of the FIS to a reasonable angle (~ 15 – 20°) and the tilt to ~ 10° - 20°.
3- Make sure that the feeding funnel is screwed into the chute. Place the metal beakers (or any two clean beakers of your choice) at the end of the chute. Pour your sample (remainder of it; after the strongly magnetic fraction has been removed!) into the feeding funnel.
4- Plug in the separator, turn on the magnetic field and the oscillator. Turn the black knob slowly clockwise to a current of ~ 0.1 or 0.2 A, turn up the oscillator to get a decent feed for your sample through the chute. 
5- Observe the results of your separation. Examine the two fractions using a binocular. Remember, the magnetic fraction will be in the beaker on the outside. If the separation is not satisfactory, adjust the amperage and tilt angle to improve the quality of your separation. Adjust the slope angle and the feeding rate to speed up (or slow down and improve) the separation process. Repeat the process iteratively until you get the best separation possible. Use the table on page 16 of the SOP as a guide to the appropriate settings for the different minerals.
6- When done, turn down the amperage to ~ 0.1 NEVER TURN IT DOWN ALL THE WAY TO 0! Turn off the oscillator and the electric field. Turn off the main switch.

7- Once your separation is complete, you have to clean the sieves and the FIS. The sieves are cleaned with compressed air, a toothbrush (for the fine sieves with large mesh #’s), or any other sturdy brush. 
8- Clean the FIS first with the black brush on the side, then with compressed air. Take out the chute and wipe it with a paper towel with alcohol. Do not use water. Clean the mess in the surrounding area.

Quick separation of quartz and other diamagnetic minerals:

1 Set the tilt angle to either 0° or some negative small angle (i.e. the chute will be tilted towards you instead of away from you as we usually have it set up). 
2 Plug in the separator, turn on the magnetic field and the oscillator. Turn the black knob slowly clockwise to a current of ~ 0.1 or 0.2 A, turn up the oscillator to get a decent feed for your sample through the chute. 

3 Adjust the angles of tilt and amperage to obtain the best separate possible. Adjust the oscillator to obtain the optimum speed of separation.

4 Follow the steps listed above under the normal operating procedures.
Density Separation of Minerals
Density separation is based on the fact that different minerals have different densities. Thus, if a mixture of minerals with different densities can be placed in a liquid with an intermediate density, the grains with densities less than that of the liquid will float and grains with densities greater than the liquid will sink. Typical mineral densities range from about 2.2 g/cc to as much as 8 g/cc, but are generally between 2.5 and 3.5 g/cc for silicate minerals. Suitable liquids for density separation include bromoform (density = 2.84 g/cc) and diiodomethane (density = 3.31 g/cc). High density liquids with a range of densities can also be prepared by dissolving sodium tungstate powder in water. Because of the use of high density liquids, density separation is often referred to as heavy liquids separation. Heavy liquids separations are generally done in separatory funnels. The procedure is very simple. The sample is placed in the separatory funnel and the heavy liquid is added. The funnel is then left for some time to permit light minerals to float and heavy minerals to sink. When the minerals have been separated, the separatory funnel is opened and the heavier minerals are transferred onto a piece of weighing paper in a funnel (to allow the heavy liquid to drain away). The mineral separate is then washed and examined optically for purity. The densities of bromoform and diiodomethane can be adjusted by adding acetone (density about 0.7 g/cc) and the densities of sodium tungstate solutions can be varied by adding water or more sodium tungstate. Thus, minerals with only slightly different densities can be separated by adjusting the density of the heavy liquid until it lies between those of the minerals. 
The drawbacks of density separation stem from two factors. First, bromoform and diiodomethane are halogenated organic liquids and, as such, present significant health hazards. Sodium tungstate solutions are safer, but are quite expensive. Second, when density differences or mineral grain sizes are small, heavy liquid separation can take many hours. These latter effects can be reduced if the separation is done in a centrifuge.
Source: http://epsc.wustl.edu/geochronology/wirfley.htm
Separation based on shape and density using a Wilfley Table
Shape separation can be combined with gravity separation by using a separation surface with a series of grooves cut at an angle to the tilt. The mineral mixture is placed on the high side of the surface and water is designed to flow over it to move the grains while the surface is vibrated. Heavier grains will collect in the grooves while lighter grains are washed down the surface. This type of shape/density separator is known as a Wilfley table and is used extensively to separate zircons for U-Pb dating, or heavy minerals (e.g. native gold) for commercial use.
