Summary of Class Activities – Minerals and Mining Modules
Class of 56 – 18% female, 4% white, 2% black

February 5, 2014, Unit 1: People, products and minerals
On the third day of class I had divided the class into 14 groups (most with 4 students) and told them every Wednesday we would do group activities and would likely have a quiz prior to the activity.  The class setting is not ideal for group work since it is a lecture hall with fixed seats.  They had already completed a group activity on January 29 on plate tectonics (after I had an activity for them to meet their group members), so they were at least used to working in the group.

I first gave the students a quiz (see quiz 1).  They had been warned to expect a quiz before most group activities and a week prior to the activity I posted background reading material on-line in Blackboard for them.  I also posted a self-assessment for them to review the material they read and most of the questions for the quiz were based on the self-assessment questions.   I gave them 10 minutes to complete the quiz.  Then I placed folders for each group (with their group names on them) in the front of class and had them get the folders.  The folders are the way we hand materials back and forth.

I encourage the use of computers and smart phones in class to look up information for activities.  I think it is important to teach them how to find reliable sources of information.  The first activity (1.1) consisted of an exercise for them to find what minerals were in common everyday materials.  Since they had seen many of the minerals in the lab accompanying the course I did not provide minerals or samples of the everyday objects.  They seemed to enjoy finding out all the minerals that made the products.

The second activity (1.3) was related to comparing consumption.  Since the students are engineers they had no problem reading graphs.  I gave them large color copies of the first figure which was hard to read in the handout (especially in black and white).  Most of them provided thoughtful answers about consumption and why it would differ in different parts of the world.  

In grading their answers I found most did very well.  I also post a key to the activity the afternoon following the activity so they can see representative answers.  I told them similar concepts/activities might be on exams so that it was important for all group members to take part in them.

February 12, 2014 Unit 2: Boom and Bust
For this activity I focused on the rechargeable battery module.  I gave them the homework assignment to complete prior to the activity that was posted on Blackboard.  Even though I explicitly told them they needed to do it before class and that it was due at 8 AM I had a few people forget.  I allowed them another 24 hours to turn it in, but told them that they needed to do it before class next time.  I also posted the self-assessment and took questions off the self-assessment for a pre-activity quiz.  The quiz (quiz 2) also asked questions covered in the previous unit including the definition of a mineral and I asked them what they found most interesting about last week’s activity.  I will summarize the answers to the latter question later in this document.
Following the quiz I gave the students the in-class activity on boom or bust and batteries.  The only things they seemed to need help on were getting started on how to make predictions of what would happen to prices and demand with various scenarios.  Some people also did not know what “carcinogen” meant.  Many students could relate what they were learning back to their economics classes and were actually quite happy to see a real world application of economics.

Comments on quiz question given 2/12/14
What was the most interesting thing you learned in last week’s group activity on the everyday use of minerals and mineral economics?  Why did you think this was interesting?
-I learned how much minerals a person requires in their lifetime.  It is an eye opener, because you realize that minerals, just like water or oil, are in limited supply
-I learned how our toothpaste has minerals in it, as well as mirrors.  It is amazing how much copper is in demand in the U.S.
-People don’t realize that the mining of minerals is a fundamental process to produce the goods we use every day.
-We use minerals on a daily basis without even knowing about it.  We never thought Cheerios had minerals in it.
-I learned that minerals had multiple uses.  I never realized how everyday items depended on the extraction of minerals.
-I did not know how minerals affected our daily life
-I found it interesting how much mineral use was growing in India versus South America.  It shows what happens as India’s population is growing.
-India uses a lot of resources even though it has a low GDP.  I did not know that India was one of the leading consumers in the world.
-The way the consumption level of a country increases along with its economic level.  
-How some countries supply minerals and others consume minerals.
-The amount of minerals we need to mine is greater than what I thought.
-I found it interesting that some countries are not very rich but still consumed a lot of minerals.  
-I did not realize how many household items use minerals and also how technology uses them.
-I usually think of minerals as metallic and not in the other ways they can be used (like in toothpaste and cheerios)
-I was surprised that some things we eat contain minerals and it is safe to eat them.
-I realized that objects having the same minerals will most likely act the same way.
-I was surprised that India is so underdeveloped yet they consume a large portion of minerals.
-It was interesting how the majority of the countries depend a lot on minerals and how in the United States the consumption is higher than the amount mined.
-I assumed that the U.S. would be the highest consumer but this isn’t the case for certain minerals.
-I thought it was interesting how GDP vs. mineral use of a country wasn’t always on the main line.  I wonder what it is about them that makes them an exception.
-That there are so many different types of minerals that go into paint.  I think of minerals as being only in solids.
-I learned for what purposes is used each element, how hard it is to get them and the costs of those minerals.  
-I learned some countries use little resources because they are poor.  Instead they export that mineral to wealthy countries.  This is interesting because wealthy countries use resources mined by underpaid workers.
- How the demand of minerals increase when the population grows
-I was not aware that the mineral usage in India was growing and developing at that rate.
-I did not realize that minerals were used so much.

February 19, 2014 – Unit 5: Metallic Sulfides:  Resources Created by Igneous and Metamorphic Processes
I assigned a background reading on Yellowstone/Lake Superior as well as posting the material on igneous rocks in Blackboard.  I assigned the black smoker video and related questions as a separate homework assignment.

About 1/3 of the class was not present at the beginning because a civil engineering faculty member had taken them on a field trip earlier in the morning and they did not get back on time.  A few trickled in as the hour went on.  Because I had known about the field trip I posted an on-line quiz (quiz 3) rather than give an in-class quiz.  I had the students who were there fill out a peer evaluation of their group at the beginning of class so I could determine if there were any problems with group dynamics.

A few students asked questions about reading the maps and about faults.  Other students did not know where Yellowstone Lake was.  A few wanted to know if Lake Superior was used as a water supply.  I think the students were a little more uncomfortable on this assignment.  Being engineers they like to have exact answers, and when there is no one “right” answer, like the question about where to mine sulfide minerals, they were worried they weren’t going to give the right answer.  I assured them I was grading them on their thought processes, not that they reached a “right” answer.  Indeed many of these type of questions have no “right” answer.  I did hear a lot of people talking about black smokers so I know that they had at least picked up on the relationship of the black smokers to these ore deposits.

In grading the activity it was obvious that many of the groups had not read the background materials.  They did not know that the midcontinent rift was located in the Lake Superior region or that the rocks were a billion years old.  They did not know that the volcanic activity at Homestake was millions of years old.  Although I had assigned the black smoker homework, some people could not make a connection between volcanic activity in Yellowstone and Yellowstone Lake water leading to black smokers.

In the homework on black smokers most people did fine on describing the black smokers.  And I received many innovative concept maps.  Again, engineering students tend to be visual and do well on these kind of tasks.  One or two people still didn’t get how to draw one and several gave me concept maps of the rock cycle (I had told them to look at the rock cycle as an example, so I think they had not understood the question).  A couple people cut and pasted something they’d found on-line.

Results of questions embedded in in-class Exam  (see exam 1) given February 24, 2014.
The following questions were embedded in the class exam with results indicated in red.

Yellowstone National Park is located above a _____________:
(a) convergent boundary  (b) hot-spot  (c) transform fault  (d) metamorphic core complex
50 correct 5 wrong    [91% correct]

Which of the following mineral resources is used to make rechargeable batteries?
(a) lithium   (b) mercury   (c) halide  (d) gold  (e) calcium
47 correct 8 wrong    [85% correct]

Suppose a new mine for rare earth minerals is opened in Sierra Blanca, Texas.  
(a) If a new type of battery is developed that needs more rare earth minerals what will happen to the price of the minerals?   52 correct 3 wrong   [95% correct]
(b) If 5 other new mines for these minerals are opened what will happen to the price of the minerals?  48 correct 7 wrong   [87% correct]
(c) If the Environmental Protection Agency suddenly tells all mines in the United States that they must adopt a new mining method that pollutes less what will happen to the price of the minerals?  51 correct 4 wrong       [93% correct]
(d) What is one other factor you can think of that might decrease the price of the minerals?   44 correct 11 wrong [80% correct]  
NOTE: 5 students gave a correct answer that was a variation of the factors mentioned in questions a through c.   I did not count as being correct because I asked for one other factor.

February 26, 2014 - Unit 4: Mineral Resources Created by Sedimentary Processes 

This activity focused on the mining sand part of the module.  I posted information on sedimentary rocks (both the pdf and ppt versions), the sedimentary processes concept map, the glossary, and a reading self-assessment in Blackboard prior to the activity.  The following are comments from the graduate teaching assistant who ran the class activity when I was out of town.  Before the students began the activity the teaching assistant showed the Dupont video.  No quiz was given since I was out of town.

Questions 1 and 2: Some students thought they were supposed to draw circles and rectangles on the map, rather than to draw circles and rectangles around the text as specified in the first part of the module. 

Question 4: Students had some difficulty understanding the relationship between deposition and sea level changes.

Question 6:  Some students were making this more complicated than it needed to be, I summarized by emphasizing the relationship between energy, grain size, and distance traveled. When explained in terms of a relationship, they seemed to get it.
Question 10:  Students focused too much on the TiO2 graph in figure 3 rather than comparing between the graph on the left (layers) and the TiO2 graph. I think it helped to remind them that the older layers are on the bottom and that through time those layers may have been subject to more moisture during deposition. Also, they did not realize that the cemented sand layer would be less permeable than the sandy layer. Many of them did not know that this was related to chemical weathering. 
Students did not realize the relationship between specific gravity and density.
Performance on Activity (comments from Diane Doser based on grading the assignment):
The students seemed to do well on the activity.  A few had difficulty drawing what grain size distribution curves should look like for a beach deposit.  Also, some thought the beach deposit would be more difficult to mine simply because it was at the beach (not considering that sea level could have fallen).  

The students did not seem to retain important parts of the activity for very long or perhaps they all did not review the entire activity together before they handed it in.  The students often “divide and conquer” the activity in their group although I remind them that they are responsible for understanding the entire activity.  When I gave a quiz on 3/5/14 many could not recall that the Trail Ridge deposit was a sand dune deposit.  Also I think that seeing the video gave some the misconception that the deposit was a lake deposit (since the video showed dredges mining the material in water).  Also, the students apparently did not look at the activity key which I posted on Blackboard within two days of completing the activity.

March 5, 2014 - Unit 6: Mining, Society, and Decision Making
I selected the phosphate mining portion of this activity.  For this jig saw puzzle activity I had one person in each group complete a different worksheet.  The worksheets were posted on-line in Blackboard, along with the reading materials related to each worksheet, general information on phosphate mining and a reading self-assessment. Then I made then hand in the worksheet at the beginning of class (to insure that they had done the work) and tabulated who had done the work while they were taking a quiz related to the background reading.  The quiz results (quiz 4) were quite low (highest score of 8/10, most at 5/10), in spite of the fact that many of the questions were taking directly from the reading self-assessment I posted on-line.  Some students felt that because the Phosphorous was located 5-15 feet below the surface that the mining process was underground.  I also had questions on the titanium sand mining activity from the past week.  See my comments on how they performed on the titanium mining questions in the previous weeks’ summary.  They also had a hard time comparing the similarities and differences of between phosphate and titanium mining and determining which type of mining caused more harm to the environment.  

NOTE:  I did not have time to use Unit 3!  We have done the muffin mining activity during our annual earth science week open house with the general public and it is very popular.

Results of questions embedded in Exam #2 (see exam 2) given March 24, 2014.
The following questions were embedded in the class exam with results indicated in red.

Naturally how does phosphorous end up in the soil?  
(a) decay of animals and plants on the surface   (b) weathering of rocks   (c) dissolves from atmosphere    (d) from streams and lakes 
39 correct 16 wrong	   [71% correct]

The titanium mined by DuPont in Florida was found in a ____________ deposit
(a) igneous    (b) lake   (c) beach   (d) sand dune   (e) lava flow
45 correct 10 wrong   [82% correct]

Give examples of two places where chemical (crystalline) sedimentary rocks are forming today. 
18 correct   10 wrong   [64% correct]

What is one kind of mineral that is mined from chemical (crystalline) sedimentary rocks?
20 correct 8 wrong   [71% correct]

Give examples of two places where detrital (clastic) sedimentary rocks are forming today.  16 correct   11 wrong   [59% correct]

What is one kind of mineral that is mined from detrital (clastic) sedimentary rocks?
6 correct 21 wrong   [22% correct]

Embedded questions on final exam (given May 14, 2014, see final):
Which of the following mineral resources is used to make rechargeable batteries?
(a) lithium   (b) mercury   (c) halide  (d) gold  (e) calcium
55 correct 0 wrong    [100% correct]

Naturally how does phosphorous end up in the soil?  
(a) decay of animals and plants on the surface   (b) weathering of rocks   (c) dissolves from atmosphere    (d) from streams and lakes 
43 correct 12 wrong	   [78% correct]

Suppose a new mine for rare earth minerals is opened in Sierra Blanca, Texas.  
(a) If a new type of battery is developed that needs more rare earth minerals what will happen to the price of the minerals?   53 correct 2 wrong   [96% correct]
(b) If 5 other new mines for these minerals are opened what will happen to the price of the minerals?  50 correct 5 wrong   [91% correct]
(c) If the Environmental Protection Agency suddenly tells all mines in the United States that they must adopt a new mining method that pollutes less what will happen to the price of the minerals?  53 correct 2 wrong       [96% correct]
(d) What is one other factor you can think of that might decrease the price of the minerals?   49 correct 6 wrong [89% correct]  
.
Overall Comments:
I found these modules fairly easy to teach and adapt for the class.  I liked the fact that structured readings/power points were available for each assignment, as well as a glossary.  I think the glossaries were very helpful as many students do not speak English as their first language.  I would say that about 60-70% of the group discussions during an in-class activity take place in Spanish.  I think that the students enjoyed the material and that they retained a fair amount of it.  The students did quite well on the embedded questions on their first exam.  I think a fair number of them had taken an economics class prior to this class, so they understood ideas behind supply and demand and pricing, although they had not applied it to anything like mineral commodities.  They did not do as well on the questions for the second exam, especially the open-ended questions.  Overall the students did much poorer on the second exam, even on engineering related questions, so I am wondering if they were focused on exams in other classes and the first part of their class project which was due the same day as the exam.  During the final the students did better on all questions (they knew there would be questions off previous exams so I assume most studied the answers).  However, they still seemed to have difficulty with the phosphorous related question.



Quiz 1 – pre-activity		Feb. 5, 2014		Name___________________
1) What is a mineral? (2 points)








2) Circle the material that is NOT a mineral. (1 point)

Quartz	Calcite	Plastic	   	Diamond	Pyrite




3) The two most common elements in the earth’s crust are: (1 point)
a) oxygen and calcium	b) water and oxygen	c) oxygen and silicon  
d) hydrogen and silica	


4) Circle which of the following properties of a mineral that would help an engineer predict its behavior (there may be more than one right answer) (2 points)

Hardness	Color		Cleavage	Luster		Melting point

5) What is the difference between a rock and a mineral? (2 points)







6) What are the 3 main types of rocks? (2 points)


Quiz 2 – Feb. 12, 2014                                                      Name__________________

1)  Which of the following mineral resources are used to make rechargeable batteries?
a. Copper   b. Lead      c. Lithium      d. Barium

2)   Which of the following will increase the price of a mined resource?
a. Because of higher operating costs, many mines in the U. S. close.
b. Mining companies need to invest in new technology to meet more stringent environmental regulations.
c. More mines open up, so that more of that mineral resource is mined.
d. A popular new product uses a lot of that mineral resource.
e. Global population increases, and this mineral resource is used in products owned by most people.
f. Global health officials find that the mineral resource is harmful to human health.
g. A new, relatively cheap mineral resource is found that can be used instead of the mineral resource (whose price we care about).

3) What is a mineral?




4) What was the most interesting thing you learned in last week’s group activity on the everyday uses of minerals and mineral economics?  Why did you think this was interesting?




5) Many ore minerals are sulfide minerals.  What problems do these minerals cause to the environment and to engineering?



Quiz 3 – Feb. 19, 2014         (on-line)                                              Name__________________
Due by 8 AM for ANY credit
1)  Which igneous rock in the Franklin Mountains was mined for tin?
b. sandstone   b. limestone     c. granite      d. marble		

2)  Yellowstone National Park is located above a:
a. convergent boundary	b. hot spot	c. transform fault	d. metamorphic core complex
3) Metamorphic rocks can form under the influence of:
a. heat 	b. pressure	c. hydrothermal fluids	d. all of these
4) A problem with mining sulfide minerals is:
a. volcanic eruptions	b. acid drainage	c. forest fires		d. earthquakes

5)  What is a “black smoker”?  How are they associated with mineral deposits? (3 points)






6) There is a renewed interest in a mineral deposit found near Sierra Blanca, Texas that contains rare earth minerals.  What would be two positive and two negative impacts of opening a new mine at this site? (3 points)





Quiz 4 – March 5, 2014				Name ______________________

Question #1   The titanium mined by DuPont in Florida was found in a ____________ deposit.
a. Beach		b. Sand dune		c. Lake		d. Delta

Question #2 ____________ is an example of a mineral extracted from crystalline (chemical) sedimentary rocks.
a. Rutile		b. Staurolite	c. Salt		d. Titanium

Question #3   True/ False. Because phosphorus is a main nutrient for plants and animals, it has no substitute.
Question #4   Naturally, how does phosphorus end up in soil?
a. Weathering of igneous and sedimentary rocks
b. Decay of plants and animals that die on top of the soil
c. It dissolves in the soil from the atmosphere
d. Streams and lakes put phosphorus into the soil
e. 
Question #5   What processes form the majority of phosphate deposits?
a. Sedimentary - deposition of clastic sediment
b. Sedimentary - deposition of chemical sediment
c. Metamorphic
d. Igneous

Question #6   Phosphate deposits in Florida formed the same way that most phosphate deposits form (see previous question). Based on this, what type of mining happens in Florida?
a. Surface
b. Underground

Question #7 Compare mining titanium to mining phosphate.  What is similar about the mining process?  What is different?  Which one appears to be more hazardous to humans and the environment? (4 points) (use back of sheet, if necessary)


Exam 1 Geology for Engineers/Engineering Geology 	  Name______________________________
February 24, 2014		(50 points TOTAL)
ONLY RELEVANT QUESTIONS TO MINERALS MODULES ARE INCLUDED

1) The grain sizes of sedimentary rocks tell us about the _____________ of the environment that formed them.
(a) temperature		(b) pressure	(c) energy	(d) depth	(e) water

2) Which igneous rock in the Franklin Mountains was mined for tin?
(a) sandstone   (b) limestone     (c) granite      (d) marble		(e) breccia

9)  Yellowstone National Park is located above a:
(a) convergent boundary	(b) hot spot	(c) transform fault	(d) metamorphic core complex

10) Which of the following mineral resources is used to make rechargeable batteries?
(a)Lithium 	(b) mercury	(c) halide	(d) gold		(e) calcium
SHORT ANSWER QUESTIONS:
Suppose a new mine for rare earth minerals is opened in Sierra Blanca, Texas.  (a) If a new type of battery is developed that needs more rare earth minerals what will happen to the price of the minerals?  (b) If 5 new other mines for these minerals are opened what will happen to the price?  (c) If the Environmental Protection Agency suddenly tells all mines in the United States they must adopt a new mining method that pollutes less what will happen to the price? (d) What is one other factor you can think of that might decrease the price of the minerals? (5 points)






Exam 2 Geology for Engineers/Engineering Geology 	  
March 24, 2014					Name______________________________
(50 points TOTAL)
ONLY QUESTIONS RELEVANT TO MINERALS MODULE INCLUDED
Multiple Choice Questions – Circle the BEST answer (1 point each)\
1)  The titanium mined by DuPont in Florida was found in a ____________ deposit.
(a) beach		(b) sand dune		(c) lake	(d)  delta	 (e) lava flow

2) Naturally, how does phosphorus end up in soil?
(a) rock weathering (b) decay of plants (c) dissolves from atmosphere (d) streams and lakes

Short Answer
Give examples of two places where detrital (clastic) sedimentary rocks are forming today.  What is one kind of mineral that is mined from detrital sedimentary rocks? (5 points)





Final Exam Geology for Engineers/Engineering Geology   	Name__________________________
May 14, 2014   (100 points TOTAL)
[bookmark: _GoBack]ONLY QUESTIONS RELEVANT TO MINERALS MODULE INCLUDED
Multiple Choice Questions – Circle the BEST answer (1 point each)
3) Which of the following mineral resources is used to make rechargeable batteries?
(a) gold		(b) sulfur	(c) calcium	(d) iron	 	(e) lithium

5) Naturally, how does phosphorus end up in soil?
(a) rock weathering  (b) decay of plants at the surface (c) dissolves from atmosphere (d) streams and lakes


SHORT ANSWER QUESTIONS:
ECONOMICS OF MINING (5 points):
Suppose a new mine for rare earth minerals is opened in Sierra Blanca, Texas.   These minerals are used in making medical equipment.  (a) If 3 other mines in Arizona start mining these minerals what will happen to their price?  (b) If a substitute for these minerals is found for making medical devices what will happen to the price?  (c) If mines are suddenly required to install more safety equipment for workers what will happen to the price?  (d) What is one other factor you can think of that might increase the price of the minerals? 







