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Materials: 

Rock and Mineral kit

Bingo Boards

Questions (small, in bag, and large, to post)
Bag to put questions in

Hydrochloric acid & goggles

Extra Rock ID equipment

Extra, high-quality samples of rocks and minerals
Rock & Mineral Kit: This activity is based on a rock and mineral kit I give to students. Because in part of size limitations, the samples in the kit are not always stellar examples of the rock or mineral in question. I like to run the exercise with a suite of ‘classic’ or ‘quality’ samples, as well as with the samples in the kits; this helps the students see a range in sample quality.
Rock and Mineral Kit available from: 
DJ Minerals, Inc, PO Box 761, Butte, MT 59703-0761 phone: 406-782-7339  www.djminerals.com
You could also collect your own, or buy samples from a science classroom supplier such as Wards or Carolina Scientific. See next page for rock and mineral kit contents.
Bingo Boards & Questions: 

Boards - I use one Bingo board (9 squares) for all the question sets; the board comes with 4 different background images; the placement of the numbers is different on each of the 4 boards. The background picture allows the groups to name or identify themselves based on the picture; I have varied these based on the group I am working with. I started out with 16 square boards the first time I tried the exercise, but those games got tedious, and students lost interest. 
Questions - Each question set is color coded; there is a set of small pieces of colored paper with the numbered questions on them.  These are drawn out of a bag.  I also post the question on a large sheet of matching colored paper so all the students can see it; they often want to double-check the choices they have already made.
Level: This activity was initially designed for use in a geology course for pre-service teachers, in which I was trying to model ways in which the content can be introduced to Middle- and High-School students in an interactive manner. I have also used it in classes for pre-service elementary teachers, and as a review activity for Geology majors.
Play: I choose which question set to use, get the students (in groups) to line up their samples, and I pull questions from the bag, they select their samples, and make sure they know the name of the sample. I go pretty quickly, so the first group to have their board completed gets it checked by the rest of the class;  they must have the correct sample, and be able to give its name. I usually have some type of grade reward; because of the speed they need to be well-prepared to win.

Rock and Mineral Kit contents:

In the rock and mineral kit we use, the samples are numbered 1-28; these sample numbers are not to be confused with the # on the bingo cards.

Minerals

1. Olivine
2. Pyroxene
3. Amphibole
4. Biotite
5. Muscovite
6. Potassium Feldspar
7. Plagioclase Feldspar
8. Quartz
9. Galena
10. Gypsum
11. Hematite
12. Pyrite
28. Calcite
Igneous Rocks

13. Rhyolite
14. Granite
15. Andesite
16. Diorite
17. Basalt
18. Gabbro
19. Peridotite
Sedimentary Rocks

20. Sandstone
21. Shale
22. Limestone
Metamorphic Rocks

23. Slate
24. Mica Schist
25. Gneiss
26. Marble
27. Quartzite
Preparatory work:
I usually introduce rocks and minerals by getting the students to:

1. Examine a suite of Igneous rocks and develop their own multistage classification scheme for them; their end groups are ALWAYS basically similar to the geologic classification; at that point I introduce the geologic classification (2 hour Lab, I hour lecture)  

Now that they have looked at the rocks they are starting to ask questions about minerals. 

2. Play with rock and mineral identification; the culmination of which is a simple identification exercise after I have introduced the identification techniques (total time: 2 hrs)  I give them “Kate’s Guide to Mineral Identification” which helps guide them through mineral identification techniques. 
3. I introduce the Chemistry of Minerals once they have had a chance to get engaged in identifying the minerals, and have started to ask questions about ‘why do they have these different properties?’ (Lecture: 1 hour)

4. I give each group a pile of sedimentary and metamorphic rocks; after going through what metamorphism is briefly, I get them to divide them up into piles of sedimentary rocks and piles of metamorphic rocks, and justify their choices. I then give them a sheet of sedimentary and metamorphic rock descriptions and get them to identify/name each sample. (2-hour Lab)

I then cover a brief introduction to metamorphic facies in a 1-hour lecture.  I get them to place each metamorphic sample in the pile (which is much more diverse than the rock and mineral kit) on the metamorphic facies diagram.

5. I use variations on the Bingo questions presented here to help the students practice their identification and knowledge at the end of the mineral and rock ‘module’ as part of an exam-preparation exercise.
NOTE: I expect the students to be supplementing their class and Lab time by careful reading of the textbook.
BINGO QUESTIONS (& Answers)
General Rock & Mineral
1. This is the mineral in Quartzite [Quartz]
2. This extrusive igneous rock contains phenocrysts of amphibole and other mafic minerals in a fine-grained, pale green/gray groundmass [Andesite] 
3. This mineral reacts with dilute hydrochloric acid; it is present in marble [Calcite]
4. This mineral is dense, has a metallic luster, and is a source of lead [Galena]
5. The parallel alignment of muscovite grains in this rock reflects its origin as a metamorphic rock [Mica (muscovite) Schist]
6. This Igneous intrusive rock contains plagioclase feldspar, quartz, and potassium feldspar [Granite]
7. This medium green mineral has conchoidal fracture, and is characteristic of ultramafic rocks [Olivine]
8. This rock is a dark-colored (mafic) extrusive igneous rock [Basalt] 
9. This mineral forms chemical sedimentary rocks, and is typical of ‘evaporites’ [Gypsum]
Formulas
1. (Mg, Fe)2 SiO4  [Olivine]
2. SiO2 [Quartz]
3. (Mg, Fe) SiO3  [Pyroxene Group]
4. KAl Si3O8  [Potassium Feldspar]
5. (Ca, Na) AlSi3O8  [Plagioclase Feldspar]
6. K (Mg,Fe)3AlSi3O10(OH)2  [Biotite]
7. FeS2  [Pyrite
8. CaCO3  [Calcite]
9. PbS  [Galena]
Hardness
1. This common mineral has a hardness of 7 [Quartz]
2. This mineral is common in biochemical sedimentary rocks and has a hardness of 3 [Calcite]
3. This soft mineral has a hardness of 2, and a white streak [Gypsum]
4. This mineral (mistaken for corundum by the founders of 3M) is present in most mafic igneous rocks, and has a hardness of 6 [Plagioclase Feldspar]
5. This ore mineral has a hardness of 5.5, but its most distinctive feature is its brick red streak [Hematite] 
6. This mineral has a metallic luster, a hardness of 2.5, and a distinctive streak [Galena]
7. This mineral has a metallic luster, a hardness of 6-6.5, and a distinctive streak [Pyrite]
8. This mineral has one perfect cleavage and a hardness of about 2.5 [Biotite, Muscovite] 
9. This mineral is common in granites, and has a hardness of 6 [Potassium Feldspar]
Fracture, Cleavage & Crystal Form
1. This mineral contains magnesium and iron, and has one perfect cleavage [Biotite] 
2. This mineral has conchoidal fracture, and will form terminated hexagonal crystals when it grows in open space [Quartz]
3. This mineral has two good cleavage planes at 56o and 124o [Amphibole]
4. This mineral has 3 oblique cleavage planes, and forms rhombohedral cleavage pieces [Calcite]
5. This mineral has two good cleavages at 90o, and the cleavage faces are typically striated [Potassium Feldspar]
6. This mineral has two good cleavages at 90o, and ranges from whitish to grayish or greenish in color, depending on the proportion of Na (sodium) and K (potassium) [Plagioclase Feldspar]
7. This mineral has 3 perfect cleavage planes at 90o [Galena]
8. This mineral has conchoidal fracture, and is the first mineral to crystallize in Bowen’s Reaction Series [Olivine]
9. This sulfide mineral often forms granular masses, but when well-formed crystals are present they are often cubic or octahedral, and display striations on crystal faces [Pyrite] 
Igneous rocks

1. The magma from which this felsic volcanic rock is derived is very viscous, and contains >65% SiO2 [Rhyolite]
2.  The magma from which this intrusive rock is formed starts to solidify at 600-800oC (1100-1475oF), and contains >65% SiO2 [Granite]
3. Extrusive (volcanic) igneous rock of intermediate composition (55-65% SiO2)  [Andesite]
4. Intrusive (plutonic) igneous rock of intermediate composition (55-65% SiO2); Kate calls it the ‘dalmation rock’ because the proportion of mafic minerals is highly variable [Diorite]
5. Extrusive (volcanic) igneous rock, mafic in composition (45-55% SiO2) [Basalt]
6. Intrusive (plutonic) igneous rock, mafic in composition (45-55% SiO2) [Gabbro]
7. This igneous rock does not currently form at the earth’s surface; it contains < 40% SiO2, and the first crystals start to solidify at >1200oC [Peridotite]
8. Calcium-rich varieties of this mineral are present in mafic intrusive rocks (gabbros); this mineral forms a solid solution series, and Ca-poor, Na-rich varieties of it are present in granites [Plagioclase Feldspar]
9. This mineral is not present in mafic igneous rocks (gabbros and more mafic rocks); it is, however one of the essential minerals in granite, together with quartz and plagioclase feldspar  [Potassium Feldspar]
Sedimentary & Metamorphic Rocks
1. This mineral has one perfect cleavage; in its very-fine grained form it is called sericite; it is often responsible for the ‘sheen’ seen on cleavage surfaces in fine-grained metamorphic rocks [Muscovite]
2. This metamorphic rock is derived from biochemical sedimentary rocks [Marble]
3. This metamorphic rock is derived from a texturally and compositionally mature sandstone [Quartzite]
4. This is a biochemical sedimentary rock; this rock type often contains fossils or fossil fragments [Limestone]
5. The mineral segregation or compositional banding of medium-to-coarse grained felsic and mafic minerals is characteristic of this metamorphic rock [Gneiss]
6. This metamorphic rock is characterized by a ‘scaly foliation’, which results from the growth of medium-to-coarse grained mica minerals; this metamorphic rock typically forms from fine-to-medium-grained sedimentary rocks [Mica Schist] 
7. This well-cleaved, fine-grained metamorphic rock has shale as its ‘protolith’ or ‘parent’ rock [Slate]
8. This fine-grained sedimentary rock is composed of mud-sized particles [Shale]
9. This siliciclastic detrital sedimentary rock is named on the basis of the size of the siliciclastic grains it is made up of; the grains can range from 0.064 mm to 2 mm in diameter [Sandstone]
General & Tectonics

1. Recrystallization in solid state (i.e. the rock has not melted) of felsic and mafic minerals under directed pressure (compressional or tensional) produces this ‘high grade’ metamorphic rock, in which the felsic and mafic minerals are layered or segregated [Gneiss]
2. This rock is the product of the metamorphism of very fine-grained sedimentary rocks at convergent plate boundaries; the metamorphic product is also fine-grained [Slate]
3. This mineral does not crystallize from molten rock; it is characteristic of sedimentary rocks, and does not react with dilute hydrochloric acid [Gypsum]
4. This is the volcanic rock named for its relative abundance in the continental arc that makes up the western margin of South America [Andesite]
5. The Sierra Nevada Batholith is dominated by this intrusive igneous rock [Granite]
6. This is the rock type present in Karst areas [Limestone]
7. Pahoehoe and Aa flows are made up of this igneous rock type [Basalt]
8. This mineral / mineral group is a common alteration / metamorphic product of mafic minerals such as olivine and pyroxene; it is present in many igneous rocks and metamorphosed igneous rocks [Amphibole / Amphibole Group] 
9. This ultramafic rock is exposed at the earth’s surface as xenoliths in igneous rocks, or within Ophiolite Sequences, or as parts of Layered Mafic Igneous Intrusions [Peridotite]
Regional Geology, Rocks & Minerals (Minnesota)
1. Mafic igneous rock found in the Proterozoic North Shore Volcanics [basalt]
2. Mafic igneous rock found in the Proterozoic Duluth Complex [gabbro]
3. Felsic volcanic rock found in the Proterozoic North Shore Volcanics [rhyolite]
4. This biochemical sedimentary rock forms the resistant ‘caprock’ in the Paleozoic sedimentary sequence in the Twin Cities [limestone ; the formation is the Platteville Limestone]
5. This is the fine-grained sedimentary rock, similar to that which underlies the Platteville Limestone in the Twin Cities and southeastern Minnesota [Shale; Glenwood Shale]
6. This sedimentary rock type is made up of siliciclastic grains that may range from 0.064mm to 2 mm in diameter; in the Twin Cities area there is a very-poorly cemented example of this rock type lying beneath the Glenwood shale [Sandstone; St. Peter Sandstone] 
7. This is similar to the rock-type in the two ‘outliers’ of Proterozoic metasedimentary rock in the Upper Midwest; both contain texturally- and compositionally-mature grains [quartzite; Sioux Quartzite; Baraboo Quartzite] 
8. This felsic intrusive rock intruded rocks of the Penokean Orogen approximately 1.8 by ago. It forms a large batholith in east-central Minnesota [Granite; St. Cloud Granite]
9.   Metamorphic rock type for the oldest dated rock in Minnesota [Gneiss; Morton Gneiss is 3.8 by]
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