


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

TABLE 18.1 Mineral Resources and Their Uses

Metals

Abundant metals

Scarce and rare metals

Nonmetals

Used for chemicals

Used for fertilizers

Used for building

Used for jewelry

Used for glass and
ceramics

Used for abrasives

iron, aluminum, magnesium, manga-
nese, titanium, silicon

copper, lead, zinc, nickel, chromium,

gold, silver, tin, tungsten, mercury
molybdenum, uranium, platinum,

and many others

sodium chloride (halite), sodium
carbonate, borax, calcium fluoride
(fluorite)

calcium phosphate (apatite), potassium
chloride, sulfur, calcium carbonate
(limestone), sodium nitrate

gypsum (for plaster), limestone (for
cement), clay (for brick and ule), asbes-
tos, sand, gravel, crushed rock, shale
(for brickmaking), decorative stone
diamond, corundum (ruby and
sapphire), garnet, amethyst, beryl
(emerald), and many others

clays, feldspar, quartz (silica sand)

diamond, garnet, corundum, pumice,
quartz




Commod

ARSENIC

ASBESTOS

CESIUM

FLUORSPAR

GALLIUM

GRAPHITE (natural)

INDIUM

MANGANESE

MICA, sheet (natural)

NIOBIUM (columbium)
QUARTZ CRYSTAL (industrial)
RARE EARTHS

RUBIDIUM

SCANDIUM

STRONTIUM

TANTALUM

THALLIUM

THORIUM

VANADIUM

YTTRIUM

GEMSTONES

BISMUTH

TITANIUM MINERAL CONCENTRATES
POTASH

GERMANIUM

STONE (dimension)
ANTIMONY

ZINC

RHENIUM

GARNET (industrial)

BARITE

FUSED MINUM OXIDE (crude)
BAUXITE

TELLURIUM

TIN

COBALT

DIAMOND (dust grit, and powder)
PLATINUM

IRON OXIDE PIGMENTS (natural)
IRON OXIDE PIGMENTS (synthetic)
PEAT

SILVER

CHROMIUM

MAGNESIUM COMPOUNDS
ALUMINUM

IODINE

LITHIUM

SILICON CARBIDE (crude)
ZIRCONIUM MINERAL CONCENTRATES
ZIRCONIUM (unwrought)
BROMINE

MICA, scrap and flake (natural)
PALLADIUM

TITANIUM (sponge)

SILICON

COPPER

LEAD

VERMICULITE

MAGNESIUM METAL
NITROGEN (fixedy—AMMONIA
TUNGSTEN

NICKEL

2016 U.S. NET IMPORT RELIANCE

Major import sources (2012-15)
China, Japan

Brazi

Canada

Mexico, China, South Africa, Mongolia
China, Germany, United Kingdom, Ukraine
China, Mexico, Canada, Brazil

Canada, China, France, Belgium

South Africa, Gabon, Australia, Georgia
(China, Brazil, Belgium, Austria

Brazil, Canada

(China, Japan, Romania, United Kingdom
(China, Estonia, France, Japan

Canada

China

Mexico, Germany, China

(China, Kazakhstan, Germany, Thailand
(Germany, Russia

India, France, United Kingdom

Czech Republic, Canada, Republic of Korea, Austria
China, Estonia, Japan, Germany

Israel, india, Belgium, South Africa

(China, Belgium, Peru, United Kingdom
South Africa, Australia, Canada, Mozambigue
Canada, Russia, Chile, Israel

(China, Belgium, Russia, Canada

China, Brazil, ialy, Turkey

China, Thailand, Bolivia, Belgium

(Canada, Mexico, Peru, Australia

Chile, Poland, Germany

Australia, India, South Africa, China

China, India, Morocco, Mexico

China, Canada, Venezuala

Jamaica, Brazil, Guinea, Guyana

(Canada, China, Belgium, Philippines

Peru, Indonesia, Malaysia. Bolivia

(China, Norway, Finland, Japan

China, Ireland, Romania, Russia

South Africa, Germany, United Kingdom, ltaly
Cyprus, France, Austria, Spain

(China, Germany, Canada, Brazil

(Canada

Mexico, Canada, Peru, Poland

South Africa, Kazakhstan, Russia

China, Brazil, Canada, Australia

Canada, Russia, United Arab Emirates, China
Chile, Japan

Chile, Argentina, China

China, South Africa, Netherlands, Romania
South Africa, Australia, Senagal

(China, Japan, Germany

Israel, China, Jordan

[Canada, China, India, Finland

South Africa, Russia, Italy, United Kingdom
Japan, Kazakhstan, China

Russia, China, Canada, Brazil, South Africa
Chile, Canada, Mexico

[Canada, Mexico, Republic of Korea, Peru
Brazl, South Africa, China, Zimbabwe
Israel, Canada, China, Mexico

Trinidad and Tobago, Canada, Russia, Ukraine
(China, Canada, Bolivia, Germany

Canada, Australia, Norway, Russia




ORE GRADE for SELECTED ELEMENTS

Clarke: the average abundance of an
elementin the earth’s crust

Clarke of Concentration:

the concentration of an elementin a rock
compared with its average concentration

in the earth’s crust.

Ore Grade, or the Clarke of Concentration
changes over time and is affected by:

1. The availability of minerals with high
concentrations if the element
(e.g. Cu,S, PbS, efc.
REEs, for example, lack such minerals)

2. The difficulty and expense of recovering
the metal fromits ore (e.g. Aluminum,
Titanium)

3. Advances in mining and refining technology

4 Changes in the value that society places
upon the metal (e.g. Gold, REE, Lead, Tin).

Clarke
(in percent)

Metal

5.13
5.00

Aluminum
Iron - Fe
Titanium
0.0055
0.019
0.0075
0.0000005
0.10
0.0002
0.007
0.0013

Copper
Rare Earths
Nickel

Gold - Au
Manganese
Uranium
Zinc
Lead-Pb
Chromium
Tin—Sn
Silver—Ag

0.0002
0.00001

o
o
—

Ore Grade
(in percent)

Clarke of
Concentration

for Ore Grade

0.00023 460

4.0

In general, the larger the Clarke of Concentration, the smaller the typical orebody becomes

©John Berry Assoc.
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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

Convergent Divergent Convergent Continental
plate boundary plate boundary plate boundary rift zone

Epithermal

deposits




Hydrothermal ore deposits
« Hot, agueous, metal-saturated fluids that react-chemically with crustal rock
« Most mineral deposits
« Primary sources of metals ®) |
. Fyciraltisrmalisckulions oan form wien,.
fseiad s

« Stratabound mineral deposits i N

Ground surface or ocean floor

Magma chamber Cold water
(hot) circulating
i .

through
rocks

Hydrothermal deposits

s T foer - TH ] T ——
Kind of deposit Mode of formation Chief ores formed

Hypothermal These are formed at great ‘ Gold-quartz veins copper-
depth at high temperature

and pressure. molybdenite. '

Cold water

tourmaline lead-tourmaline

...groundwater or seawater is heated by magma, or...

Mesothermal These are formed at | Pyrite, Chalcopy Galena.
intermediate depths 2 Arsenopyrite Native geld.
temperature and pre

Ground surface or ocean floor

Epithermal i Native gold, Marcasite pyrite,
depth under meder Cinnabar, stibnite.

temperature and pressure,

fluid in veins
and fractures

...hot aqueous solutions are released by a cooling,
crystallizing magma body.




Sediment-hosted and
porphyry copper deposits

Copper Tracts

@ sediment-hosted copper
porphyry copper

Divergent Convergent
Plate Boundary Plate Boundary
(orogen)

Spreading Center

Andes
Mountains

T SEERs i
Y oceanic Cr = \° Continons | Porphyry copper deposits are associated with current or
e Crus — IR CORIPEF IR
S paleo subduction zones.

Asthenosphere (Upper Mantie) Subducting Zone of Magma
Plate Generation

~

Lithosphere <=




Parphyry Copper Deposit
Bingham Canyon

Propylitic Alteration c pIP I;tak A
L ite Shell u-Pb-Zn-Au-Ag
owz!s?rPy:ite i Chl-Ep-Carb-Adul-Ab

Adv. Argillic
Alteration
Qtz-Kaol-Chl 45 Phyllic Alteration
; Qtz-Ser-Py

Pyrite Shell
10% Pyrite

Ore Zone
1-3% Cpy

+ .
+ Unaltered
Porphyry

+ t +
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H,0 + CO; —= H,CO, \\

4FeS, +150,+ 14 H,0 —= 4 Fe(OH); + 8 H,S0, £ L
4 CuFeS, + 170, + 10 H,0 —= 4 Fe(OH); + 4 H,S0, + 4 CuSO, limonite Fe(OH); A

Leached zone

2 CuSOy4yq + 2 Na,COy,yy —= Cuy(CO;3)(0OH); + 2 Na,S04;:q + CO, fCUH
(aq)

native copper Cu
2 Cus(CO3),(OH); + H,0 —= 3 Cu,(CO;)(0H); + CO, A

malachite Cuz(CO3)(OH):

Oxide zone azurite Cus(CO3)2(OH),
cuprite Cu,O

chrysocolla CuSiO;H,0

oxidising

5 FeS, + 14 CuSO, + 12 H,0 —= 7 Cu,S +5 FeSO, + 12 H,50, Watertable
CuFeS,; + CuSO; —= 2 CuS + FeSO,

chalcocite Cu,S
PbS + CuSO4 —= CuS + PbSO,

covelliet CuS
bornite CusFeS,

Enrichment zone

reducing

. . . ) chalcopyrite CuFeS;
Primary mineralisation,

Protore ,
©Bastian Asmus 2013




NEUYE c

CU5FeS4, />/

Bornite %

N

Y CuFeS,,
’ \ Chalcopyrite
/ Cu,S,

Chalcocite
| |

Cu
Native copper

Native iron in basalt

\\
. 60/40

Pyrrhotite

70/30
- 80/20
\¢ 90/10

\
Fe

Native iron




Azurite - Cu,(CO,),(OH), - monoclinic Malachite room, Hermitage, St. Petersburg

o 0




Covellite (CuS) — Hexagonal -
supergene mineral

Chrysocolla [Cu,_, Al (H,_ Si,0:)]
Phyllosilicate

Formed in oxidized zones of copper
ore deposits



Molybdenite - MoS . . .
Péo/m2/m2ic Molybdenite (MoS,) is a hexagonal mineral.

c
f
]
;,

Layers are held together by weak van der Waals
bonds (think graphite).

Molybdenite occurs in porphyry-type deposits.




Mississippi Valley Type Ore Deposits

*

R 4

Mississippi Valley-Type and clastic-dominated Fesfesfrnt
sediment-hosted lead-zinc deposits @ Mississippi Valley Type

O Clastic-dominated
USGS Open-File Report 2000-1207 -
Taylor, Leach, Bradley, & Pisarevsky ® Unclassifzd




Galena and Sphalerite — both minerals are isometric

Galen_a-Pb S
F4/m32/m

Sphalerite - ZnS
F43m

=




MVT Ores

\

Sphalerite and Galena in
brecciated, dolomitized
limestone




surface waters that contained reduced sulphur during diagenesis. The dlagenotlc
process was on(,ouraqod by bacteual Sulphate reduction and consumptlon of
organic matter of the carbonate rocks. Diagenetic ore fluids were derived mainly
from evaporated seawater and were driven within platform carbonates by large-
scale tectonic events. In addition, magmatic fluids rich in fluorine were mixed into
the diagenetic fluids. Diagenetic-hydrothermal carbonate hosted Pb-Zn
mineralization is closely related to basinal evolution.

basement hills

shoreline muddy limestone

mineral deposits

' \
¢.’\" basement rocks, '/
SR R T RN

sandstone heat source flow of hydrothermal solution
MVT deposits are always in limestones and are generally located near the edges of sedimentary basins.
The hydrothermal solutions that introduced the ore minerals (principally the lead mineral galena and the
zinc mineral sphalerite) apparently flowed through the sandstones and conglomerates that commonly
underlie the limestones. Where they met a barrier to flow, such as a basement high or a basin edge, the
solutions moved and reacted with the limestone. depositina ore minerals
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SEDEX — Sedimentary Exhalative deposits

Carbonate

<¢— Shale Basin —» «€+—
Platform

—

|  Mixing of
I metalliferous

|
| Mixing zone
fluids with |
|
|
|

within reef of
seawater HoS

with hydrothermal
metals

T R /

H>S-richseawater
at or above

the seafloor

Carbonate
Reef

Synﬂ RIft o = V0 S0 oA -chloride

Z Hydrothermai
Clastlcs ) Reservoir /j hydrothermal

B tsL CVERE S S fluid; HyS

depleted

CONTINENTAL
CRUST




Franklin Furnace — Sterling Hill
New Jersey Ore deposits.

/ TOWN OF
FRANKLIN L ERAN
MINE & MINERAL

MUSEUM (AND v/
BUCKWHEAT DUMP)  /

STERLING
HILL
MINE

Y

/ TOWN OF
/" OGDENSBURG

/
4

Zincite



Metamorphic ore deposits
 Alteration and recrystallization
Magmatic ore deposits
 Fractional crystallization
« Pegmatites
« Kimberlite pipes

500 m

Magma vent is circula
when viewed from
above.

Xenoliths of
mantle rock

Pipe extends
150-200 km
down into
mantle




Distribution of kimberlites worldwide

Barren kimberlite
(rare dizmonds)

Diamond-bearing
(subseconomic)

Minar primary
I:l:imb-t:r“‘.r: dupn:it::l

@ Major primary
(kimbserlite depasit)

O Craton

I S
|y mwm‘m‘u\‘\H‘\u‘H\H‘HH‘MH‘HHHH [ T T T T T e
| | Ll

2 3 4 5 B 7 8 & 1 U B




« Sedimentary-ore deposits
« Concentration by sedimentation
* Precipitation by seawater or lake water

- Evaporation y a N
- Evaporite deposits . \

- Biochemical reactions WS
e Banded iron formations . . S el .

« Placer ore deposits
« Heavy mineral grains concentrated by sifting or winnowing by flowing

WELE ;

current

_ Goliad Aquitard Mudstronevn e

Goliad Permeable
Sandstone Horizon

Hematitic Core B
—’ /
Groundwater Flow X )

Behind undulations on ocean floor

Inside meander loops Downstream from a tributary

~— Regionally Reduced
~ Goliad Aquitard Mudstone

Alteration Ore Zone Reduced
Hematitic Core Envelope Urani Sandstone
Hematite Sulfur Jordisite
Goethite Calcite

Idealized Model of
Uranium Roll Front Mineralization
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Among the oldest rocks on Earth are many sedimentary rocks known as banded iron formations.
They formed in an atmosphere and ocean containing little or no free oxygen.

Concentration of iron in the ocean

formation firstevidence first
of Earth oflife microfossils

»

BANDEDIRONFORMATIONS




Placer gold mining




» Residual ore deposits
» Chemical weathering

« Removes soluble materials first, leaving a
concentrated layer of insoluble minerals behind Bl Ly f i M7 T

« Dissolved materials carried by water may be
deposited in one concentrated layer

Precipitation

e Laterites

Infiltrating water hits a zone of different temperature
or composition, and the dissolved materials are
deposited in a concentrated layer.







Gemstones

ruby

¥\ aquamarine



Sediment-hosted Stratiform Copper Depo

Sediment-hosted,

- stratiform copper
deposits

i

Sandstones, siltstones,
and shales

Evaporites
Carbonates

SEAL
=)

=] el o o ndstones,

I:] RESIDUAL ﬂ siltstones
BRINES

MY

METAL
SOURCE /







First Forensic Geology Case

1 In October of 1904 the strangled 1 Asuspect, Karl Laubach, used
body of Eva Disch was found near snuff, worked at the coal-burning
Frankfurt, Germany local gas works, and at a quarry

that had hornblende bearing rocks
1 When Georg Popp was called in

he examined a filthy handkerchief 1 The suspect also hadwmica in the
found at the scene that contained cuffs of his trousers that matched
bits of hornblende, snuff, and coal mica at the murder scene

Sooner or later-
its Copenhagen.




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)




e 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)




and 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)




mmercial Foundry Sand

a1 Sands of heavy minerals, olivine, zircon, etc. are used
in foundry work

1 In a breaking and entering case at a foundry in Toronto,
Canada a suspect’s shoes had grains of olivine sand

a1 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)




