Learning about mineral resources: implications for their use in a common electronic device 

Name: _____________________________________

Electronic devices are becoming an increasingly “essential” part of our daily lives.  In this assignment, we are going to explore some of the components that are fundamental parts of our technological inventions, specifically— the cell phone.  Although the complete materials list and exact quantities of product constituents, especially for the circuit boards, are proprietary information of manufacturers (ex. Apple Inc.), companies have released cursory lists of product’s components. The iphone© for example, is made using glass, stainless steel, and plastic as well as the minerals cassiterite, wolframite, tantalite, columbite, and gold.

Your textbook will be useful, but for some parts of the assignment, it will be necessary to use the internet.  The USGS minerals resource program http://minerals.usgs.gov/ and www.mindat.org are good references for learning more about minerals and their economic uses.  Although www.wikipedia.com is not typically appropriate for academic research, it may be useful for this assignment, and the applicable pages contain legitimate information.

Part I. To begin, let’s think about the materials used to make the body of a cell phone: stainless steel, plastic, and glass.  For each of these three materials, answer the following: what raw product(s) is/are necessary to make them; where do the raw materials come from (name an example of a commonly-cited locality); briefly explain how these materials are extracted from Earth; finally, which of these raw products in the first column are examples of true minerals?
	Material
	Raw Products
	Localities (several examples)
	Method of extraction
	Mineral?

	Stainless Steel
	Iron Oxide 

(Steel alloy; minimum of 11% chromium by mass)


	Reasonable answers accepted
	Mining
	Magnetite

Titanomagnetite

Hematite

Pisolitic Ironstone
Chromite

	Plastic
	Petroleum/Crude Oil
	Reasonable answers accepted
	Oil drilling
	----

	Glass
	SiO2

(Quartz sand)
	Reasonable answers accepted
	Reasonable answers accepted
	Quartz


Part II. Minerals

Now let’s consider the mineral constituents necessary to make a cell phone: cassiterite, wolframite, tantalite, columbite, and gold.  We will investigate each of these in terms of their mineralogy, economic value and any ethical issues associated with extraction and use.  Note: tantalite and columbite are actually the name of mineral groups that are considered obsolete, and they are often combined under the larger group name “coltan”; it may be necessary to investigate these individually or together.
For each of the minerals, list their chemical formula, Dana group, and crystal system.
	Mineral
	Chemical formula
	Dana group
	Crystal system

	Cassiterite
	SnO2
	Oxide
	Tetragonal

	Wolframite
	(Fe,Mn)WO4
	Oxide
	Monoclinic

	Tantalite
	(Fe,Mn)(Ta,Nb)2O6
	Oxide
	Orthorhombic

	Columbite
	(Fe,Mn)(Nb,Ta)2O6
	Oxide
	Orthorhombic

	Gold
	Au
	Native Element
	Isometric


Economics:  Each of the following minerals is an ore for one or more elements, with the exception of gold, which is a native element.  List which elements each mineral is an ore of, the types of geologic deposits the minerals are commonly found in, and what purpose these elements serve (i.e. the reason for why these elements are necessary in electronic devices).
	Mineral
	Ore
	Type of rock or geologic deposit 
	Purpose/function

	Cassiterite
	Tin
	Alluvial/placer deposits;

Hydrothermal veins
	Soldering in circuit boards

	Wolframite
	Tungsten
	High-temperature hydrothermal veins;

Granite pegmatites;

Placer deposits
	Electronic filaments (results in vibrations)

	Tantalite
	Tantalum and Niobium
	Accessory mineral in granite pegmatites; 
	Batteries/ability to store charge, tantalum capacitors

	Columbite
	Niobium and Tantalum
	Accessory mineral in granite pegmatites; in carbonatites,  as a constituent of the mineral pyrochlore
	Batteries/ability to store charge

	Gold
	Gold
	Hydrothermal veins;

Placer deposits
	Great conductor; wiring, contacts/leads


Ethics:  Answer the following questions for the minerals listed below: what are some of the most common mining localities for each mineral?  Are there (yes or no) ethical issues associated with extraction of these minerals (these issues can be environmental or humanitarian in nature)?  For those minerals whose extraction does pose an issue (i.e. “conflict minerals”) briefly describe the associated ethical issue.  You may use your class notes, textbook, and the suggested online resources to complete this exercise.
	Mineral
	Significant mining localities
	Issues? (yes or no)
	Description of the type of issue

	Cassiterite
	Bolivia,

Rwanda
	yes
	Conflict mineral

	Wolframite
	China,

Europe,

Africa
	yes
	Conflict mineral

	Tantalite
	Australia,

Africa
	yes
	Conflict mineral, environmental impact of mining, scarcity of resource

	Columbite
	Australia,

Brazil,

Africa
	yes
	Conflict mineral, environmental impact of mining

	Gold
	Australia,

Europe,

North and South America
	yes
	Environmental and humanitarian concerns (a conflict mineral), scarcity of resource


Part III.  Based on what you have learned, in the space below explain why might it be important to recycle old electronic devices rather than mine new materials?  What are some of the environmental and ethical implications of using minerals as natural resources?
Example: Many of the materials used in technological devices are rare, nonrenewable resources.  For example, it is estimated that approximately 50 years of tantalum reserves remain on Earth. In addition, the deposits for a number of the critical mineralogical components are sometimes found in third world nations where extraction and marketing of the raw materials leads to environmental and humanitarian concerns.  Environmental concerns may also be a factor in developed nations such as the United States and Australia.  For these reasons, it is critical that we conserve these resources.
