
Economic Minerals

Emerald Chalcopyrite and galena

Azurite



• Metallic minerals are 
mined specifically for the 
metals that can be extracted
by smelting

• Examples: Sphalerite 
(zinc), galena (lead)

• Nonmetallic minerals are 
mined for their chemical or 
physical properties they 
have, not the metals they 
contain

• Examples: Clay, 
gravel, salt, gems









A geologic process or combination of processes must produce a localized 

enrichment of minerals for a mineral deposit to form. Mineral deposits are 

“accidents of nature”.

1. Hydrothermal solutions

2. Metamorphic or magmatic processes

3. Chemical sedimentary processes

4. Action of waves or currents

5. Weathering



Ore Deposits and Tectonic Settings



Hydrothermal ore deposits

• Hot, aqueous, metal-saturated fluids that react chemically with crustal rock

• Most mineral deposits

• Primary sources of metals

• Veins

• Stratabound mineral deposits



Sediment-hosted and 

porphyry copper deposits

Porphyry copper deposits are associated with current or 

paleo subduction zones.



Porphyry Copper Deposit

Bingham Canyon





ChalcopyriteNative sulfurBornite

Chalcocite
Pyrite

Pyrrhotite

Native copper
Native iron in basalt



Azurite - Cu3(CO3)2(OH)2 - monoclinic

Malachite - Cu2CO3(OH)2 - monoclinic

Malachite room, Hermitage, St. Petersburg



Covellite (CuS) – Hexagonal -

supergene mineral 
Covellite

Chrysocolla [Cu2−xAlx(H2−xSi2O5)]

Phyllosilicate

Formed in oxidized zones of copper 

ore deposits



Molybdenite (MoS2) is a hexagonal mineral.

Layers are held together by weak van der Waals 

bonds (think graphite).

Molybdenite occurs in porphyry-type deposits.



Mississippi Valley Type Ore Deposits



Galena and Sphalerite – both minerals are isometric









SEDEX – Sedimentary Exhalative deposits



Franklin Furnace – Sterling Hill 

New Jersey Ore deposits.



• Metamorphic ore deposits

• Alteration and recrystallization

• Magmatic ore deposits

• Fractional crystallization

• Pegmatites

• Kimberlite pipes





• Sedimentary ore deposits

• Concentration by sedimentation

• Precipitation by seawater or lake water

• Evaporation

• Evaporite deposits

• Biochemical reactions

• Banded iron formations

• Placer ore deposits

• Heavy mineral grains concentrated by sifting or winnowing by flowing 

water



Banded Iron Formation (BIF)



Placer gold mining



• Residual ore deposits

• Chemical weathering

• Removes soluble materials first, leaving a 

concentrated layer of insoluble minerals behind

• Dissolved materials carried by water may be 

deposited in one concentrated layer

• Laterites 







Sediment-hosted Stratiform Copper Deposits



Minerals and Forensic 

Investigations

Elementary my dear Watson



First Forensic Geology Case

In October of 1904 the strangled 

body of Eva Disch was found near 

Frankfurt, Germany

When Georg Popp was called in 

he examined a filthy handkerchief 

found at the scene that contained 

bits of hornblende, snuff, and coal

A suspect, Karl Laubach, used 

snuff, worked at the coal-burning 

local gas works, and at a quarry 

that had hornblende bearing rocks

The suspect also had mica in the 

cuffs of his trousers that matched 

mica at the murder scene



Junger Case

Location: Front Royal, Va.

Crime: Homicide

Evidence: Soil on the

Suspect’s vehicle

compared with soil from

the crime scene at a river 

crossing. Samples contained 

Malachite and Azurite from an 

abandoned copper mine just up stream. 

The soft copper minerals were not found a 

short distance downstream.

(thanks to Ray Murary)

Malachite

Azurite



The Reeves Murder Case

In September of 1958 a woman’s body was 
found at the edge of the Anacostia River in 
Washington, D.C. A peculiar black sand was 
found on the victim, in a suspect’s car, and at 
the murder scene.  Geologic investigation 
showed that the sand was blast furnace slag 
that had been spread on a small section of 
highway to test it for use in the control of snow 
and ice.

(Block, 1979 p.149-152)



Sand from a Construction Site 

In southern Ontario a man was arrested and charged with the 

beating death of the young girl.  The scene of the crime was a 

construction site adjacent to a newly poured concrete wall.  

The soil was sand that had been transported to the scene for 

construction purposes.  As such, the sand had received 

additional mixing during the moving and construction process 

and was quite distinctive.  The glove of the suspect contained 

sand that was similar to that found at the scene and 

significantly different in composition and particle size from 

the area of the suspect’s home.  This was important because 

the suspect claimed the soil on the gloves came from his 

garden.         (Murray and Tedrow, 1992 , p. 16)



Commercial Foundry Sand

Sands of heavy minerals, olivine, zircon, etc. are used 

in foundry work

In a breaking and entering case at a foundry in Toronto, 

Canada a suspect’s shoes had grains of olivine sand

Because olivine sand is not found in place in that part 

of Canada the sand on the shoes indicated that the 

suspect had been at the foundry. (Murray and Tedrow, 

1992 , p. 79)


