Economic Geology in Iowa and Beyond...
Minerals and Rocks edition

With borrowed 1mages and slides from Marshak’s Earth — Earth a Portrait of a Planet
and Ray Anderson’s 2013 Iowa Academy of Science Talk
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Mining and processing ore has environmental
consequences, including acid runuff acnd ram,.
and groundwater contami atlo :

Ore deposits can be obtaine : z : ) - | :. S Geﬁloglc ateils are
' i g ' the substance from which
cities grow.

- - mixture of Mixed with water, spread into sheets, and

wrapped in paper, gypsum makes drywall.
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= ,-J_-_;s * it to powder, and ship it to factories.
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Gravel itself may be quarried
for construction purposes.
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Nonmetallic resources Metallic resources
360 kg 550 kg
Cement Iron and steel
. 25kg
O 220 kg Aluminum
Clay ~ 10kg
Copper
. w, 200 kg 6 k
Sand and gravek- * f*@f O salt ' Leagd
.-.a.’-ﬁ .i w,ﬁﬁ ‘- . Skg
< sia¥/ o 140kg Zinc
Phosphate rock 6 kg
' Manganese
480 kg 9 kg
Other nonmetals " Other metals
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Metal

Copper

Iron

Tin

Lead
Mercury
Zinc

Aluminum
Chrome
Nickel

Titanium

Tungsten

Molybdenum

Magnesium

Manganese

Chalcocite
Chalcopyrite
Bornite
Azurite
Malachite
Hematite
Magnetite
Cassiterite
Galena
Cinnabar
Sphalerite
Kaolinite
Corundum
Chromite
Pentlandite
Rutile
limenite
Sheelite
Molybdenite
Magnesite
Dolomite
Pyrolusite
Rhodochrosite

Chemical Formula

Cu,S

CuFes,
CuFeS,
Cu,(CO,),(0OH),
Cu,(CO,)(OH),
Fe, O,

Fe O,

SnoO,

PbS

Hgs

Zns
Al_Si, 0 (OH),
ALO,
(Fe,Mg)(Cr,Al,Fe)20,
(Ni,Fe) S,
Tio,

FeTiO,
Cawo,

MosS,

MgCO,
CaMg(CO;),
MnO,

MnCO,




Metal World Resources U.S. Resources

Iron 120 40
Aluminum 330 2
Copper 65 40
Lead 20 40
Zinc 30 25
Gold 30 20
Platinum 45 1
Nickel 75 less than 1
Cobalt 50 less than 1
Manganese 70 0

Chromium 75 0




Top 10 Standard Materials NatiOnal

Used by Department of Defense
Regular DoD A
Demand in STONS/YR f ; e Curlt
o ALUMINUM METAL 275,219.8 3
"RELIABLE ACCESS TO CRITICAL MINERALS IS A MATTER OF BOTH o COPPER 105,625.8
ECONOMIC AND GEDSTRATEGIC IMPORTAMCE TO THE UMNITED STATES. ——
ALTHOUGH CONCERN ABOUT ACCESS TO MINERALS WAXES AND WANES, © .o 88,4648
ITIS RISING NOW DUE TO INCREASING DEMAND, NEW COMPETITORS = i A" S
CAPTURING LARGE MARKET SHARES AMD OTHER TRENDS THAT DEFY o FLUORSPAR ACID GRADE 56.644.5
EASY PREDICTION. THESE SAME TRENDS CAN INTERFERE WITH FOREIGN —— - =¥ 5 S
0 ND 61 5 5 P —
AND_DEFENSEF‘ LICY GOALS AND GIVE MINERAL :UF‘FLIER_SEA Y e 7ZINC 51,085.5
LEVERAGE OWER THE UMITED STATES AMD OTHER COUNTRIES RELIANT
OM GLOBAL SUPPLY CHAINS." ' —
o RUBBER [NATURAL) 29,490.3
R e @  VANGANESE ORE CHEM/METAL GRADE 75,041.8
FORMER FELLOW F
CENTER FOR A NEW AMERICAN SECURITY o
NICKEL 17,3118
©) cHROMIUM FERRO (FERROCHROMIUM] 9,667.8
@ CHROMITE ORE (ALL GRADES) 9,6305

e ——
—— —_—

———

Source: “Reconfiguration of the Mational Defense Stockpile Report to Congress,” ULS. Department of Defense, April 20040,

Nearly 750,000

- Tons

of Minerals Annually

Rhenium Lanthanum Aluminum Manganess
Hickal Gadolinium Copper Molybdenum
Yitrium
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Geology of the Precambrian Surface of Iowa
and surrounding area ...t Towa LEGEND

{ages given in millions of years - Ma)

Raymond R. Anderson - 1999 Plutonic Comp|ex PROTEROZOIC (2500 - 530 Ma)

GREMYILLE INTERYAL (1350-1000 Ma)
\R\ | by == [JiMks] Kewssnzwan Clastic Sedimentary Rocks
; [JiMkur) Kewsenawan Upper Red Clastic Group
’ M\ X / [JiMKr) Keweenawan Lower Red Clastic Group
y 3 [ iMkv) Kewsenawan Yoloanic / Plutonic Rocks
<3 . [ (Mkt] Kewsenawan Thor Wolcanic Group

SOUTHERM GRANITE FRHYO. INTERYAL (1380 - 1310 Ma)
[ (Mp2] Granitic plutons
EASTERM GRANITE FRHYOL. INTERWAL (13500 -1430 Ma)
[ iMar) Rhyolite and granitic plutons
[imMp) Granitic plutons

[EiMaq) Quimby granite (1433 + € Ma)

[imai) Green lsland Plutanic Group (1485 £ 10 Ma]

I (Msn] Spencer Horite

[ (Msg) Spencer Granita[1373 7 Ma)
BARABOO INTERYAL (1620 -1500 Ma)
[JiEq) quartzite dominated

[ iEbq) Earaboo Quartzite

[1(E=q) Sioux Quartzite

[ iEcrq) Cedsr Rapids Quartzite

[J(Ewqg) washington County Quartzite
MAZATZAL INMTERYAL (1650-1620 M a)
[ (EF3] Granitic plutons dominart
[ iEgn3] Gneiss dominart

CEMTRAL PLAINSG INTERAL (1800-1700 Ma)
[ (EanZ] Greis=s and granits dominant

FEMOHKEAN INTERWAL (2100-1800 Ma)
Penokean Oragenic Belt
[ (Ep] Fost-orogenic granitic plutans
[ (Ehk) Hull Keratophyre (1732 £ 4 Ma)
[ (Eh) Harris Granite (1304 £ 17 ha)
[ (Ehw] Hawarden Granite
[ (Ep2) Late-stage granitic plutens
[JiEgn) Oragenic gneizs and granite
[ 1(Ecq) Camp Quest Gneiss (2065 + 10 Ma)
Trans-Hudson Crogenic Belt
[ (Eth) Garite and greiss dominant

ARCHEAN { >2500 Ma)

[ (#c) Lyon County Gneiss (2523 £ 5 Ma)

[ (~mi] Matlock Banded Iren Formation
[Cifoc) Otter Creek Mafic Complex (2890 + 90 Ma)

[Agn) Earlyto Middie Archean
greiss and migmatite terrane

ROCKS OF UNCERTAIMN AFFINITIES
[ iteiz) Central lava froh Granites
[1(Pe) Osborne Mafic Complax

[ (Pp) Northesst lows Plutonic Complex

[ (MIS) Late Cretaceous (72.8 £ 3 Ma)
Manson Impact Strucuture

A known orinferred faults

/ S Froterozoic sutures

key to mapped faulits

'o"./ geophysical trend

MB.FZ NBF.Z Norhern Boundary Falut Zone PR.F.Z. Plum River Fault Zone
TRS.Z Thurman-Redfield Fault Zone D.RF.Z. Des Moines River Fault Zone
PHF.Z. Perry-Hampton Fault Zone f0FF.Z. 101 Fault Zone

B.P.F.Z. Belle Plaine Fault Zone F.5.2. Fayette Structural Zone —

HF.Z. Hum boldt Fault Zone
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Shaded-Relief Total
Magnetic Intensity Anomaly

NanoTesla

High : 30661.777344

Low : -9982.036133

Shaded-relief map of the total magnetic
intensity anomaly for the

north-central United States. Data
compiled by David L. Daniels and
Stephen L. Snyder of the U.S.
Geological Survey from various sources
Most of Minnesota was flown with a line
spacing of 400 meters and an elevation
(above land surface) of 150 meters
wheraas much of Wisconsin was flown
at line spacings of 400-800 meters and
elevations betwaen 150 to 305 meters.
The remaining areas were generally
fiown at flight line spacings of 1600
meters or wider and at elevations of 305
meters or greater. Following gridding,
all data were continued to a common
elevation of 305 meters and merged.
For more detaied descriptions of the
original data sets the reader is referred
to:

U.S. Geological Survey Crustal Imaging
and Characterization Team Web Site

Aeromagnetic data in Minnesota were
acquired by the Minnesota Geological
Survey (MGS), with support from the
Legislative Commission on Minnesota
Resources. Asromagnetic data in
Wisconsin were acquired with support
from the Wisconsin Geological and
Natural History Survey and the U. S.
Geological Survey. Hillshade ilumination
is from the North with an inclination of
30 degrees
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DIV 2 The Lake Superior Mining District

Midcontinent Rift Legend Ore Deposits
- Fe

I Volcanic Rocks L
B Intrusive Rocks Ci— n

Sedimentary Rocks Cu-Zn-Pb
—— Major Fault | : . E:J—CU—PGE

Minor Fault
Y Duluth Complex
3 * Cu-Ni-PGE
Strcprack A W _'“ _ Marathon . TiOg

Hemibo -
: - , * Ni-Cu-PGE
Ontario ) \ {rift associated)

Ontario

\Duluth Complex Cu-Ni-PGE ﬁ“

Minnesota
]

F

T. k — 3 B
+& Tamarac L : . : 4 .. 4 p .'-M e .;? QL_:,}

Duluth Complex Cu-Ni-PGE
deposits will add an another
100+ years of production into
Wisconsin o perhaps the most important
_ mining district on the North
I : American Continent
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- Matur ¢ Spruce Road

120 Million Tonnes 529 Million Tonnes §
0.57% Cu, 0.25% Mi 0.43% Cu.0.15% Ni

f8 380 ppb Pt+Pd +Au

S e s L nre
MorthMet A e
910 Milllon Toennes

0.27% Cu, 0.08% Ni

400 ppb Pt +Pd +Au

[ 257 Millicn Tans

o 0.42% Cu, 0014% Ni

-1 Billion Tons
§ 0.43% Cu, 0.09% Ni
® plus PtePd+Au

SN 38 Million Tons (surface)
57% Cu equivalent
n Tons (underground)
0.94% Cu equivalent

ources
q ~220 Million Tons
~ 10% TiO3

v,
%

T 7
. 1 Nickel Lake
Cu-MI-PGE
e I W
South Fil
Cu-Ni-PGE

son Creel

£10.660 ppm Pt +Pd + Au

DIVI 23 Duluth Complex Mineral Resources

On the cusp of
developing one of the
world’s most important

new mining districts.




Updated TMM December 2012 g "
Resource Estimate m H

Contained Metals in TMM NI 43-101Resource”

Indicated Inferred

$41 bill. |13.7 Billion Ibs. 11.8 Billion Ibs.
|

$33 bill. | 4.4 Billion Ibs. 4.0 Billion Ibs.

$96.4 billion

Platinum|$8.6 bill.| 5.6 Million ozs. 3.5 Million ozs.

Base

Palladium|$8.8 bill.{12.6 Million ozs. 7.6 Million ozs.
|

Gold | $5.0 bill. | 3.0 Million ozs. 1.7 Million ozs.

7
S
9
O
@
| -
Q.

TPM (Pt+Pd+Au) 21.2 Million ozs. 12.8 Million ozs.

*Reference: December 4, 2012 Company press release entitled “Duluth Metals Announces an Updated Mineral Resource Estimate Confirming Large Increases to
Twin Metals Contained Metal, Grade and Indicated Tonnage™

* Note — These resource estimates include 100% of the identified material in each deposit, and include mineral resources acquired as a part of TMM's acquisition of Franconia
Minerals Corporation in 2011. Francenia’s principal assets are a 70% interest in the Birch Lake, ‘old” Maturi ond Spruce Road deposits in northeastern Minnesota through the
Birch Lake Joint Venture, Franconia announced in November, 2010 its intention to increase its ownership at the Birch Lake Joint Venture to 82%; see Franconia's company

profile at www. SEDAR. com for Technical Reports. TMM's ownership of the resource will be factored by these percentages where applicable, 14




Duluth Complex
Exploration

> Duluth Metals Ltd.
>PolyMet Mining

>Teck Cominco Ltd.
>Franconia Minerals Corp.

>Encampment Minerals Inc.

"“The Duluth Complex is perhaps the world's
largest untapped resource of (copper, nickel and
platinum group metals) with of
geologic resources estimated to be worth more
than ,. stated a 2007 report by
geologists at the Natural Resources Research
Institute of the University of Minnesota Duluth.

Findings reported in recent months by Duluth
Metals - - - indicate even the

--Duluth News [ribune, June 20, 2010

Target Types

Ni-rich Massive Sulfide
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Major PGE Deposits and Targets
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The Stillwater Mine (Montana)
Only Precious Metals Mine in the
U.S. (owned by Noril’skNickel)
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BT-67 fixed wing turboprop aircraft that
carried the gravity survey instrument

3,333 km = 2,071 mi of flight lines

400 m = # mile flight line EW spacing
3.5 km = 2 % mile flight line NS spacing

100 - 500 feet above the landscape

=ZUSGS

science for a changing world

Agusta Westland AW119 Koala helicopter that
carried the magnetometer and ectromagnetic surveys
(see VTEM detector suspended below helicopter)

Versatile Time Domain Electromagnetic Surveying




Preliminary Data from USGS Airborne Gravity Survey
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Manufacturing Depends on Minerals

¢ Manufactures use minerals to create the high-tech devices that connect us to the world. TVs
require 35 different minerals and computer chips can require up to 60 minerals and
elements.

¢ From the mirrors and paint to the body frame and engine, minerals are integral to every
vehicle on the road. Gold, platinum and aluminum are just a few of the minerals used by
auto manufacturers.

¢ Advanced energy technologies such as wind turbines, electric vehicles and solar panels
depend on minerals including rare earths, copper and zinc.



2019 Rank State Value U.S. total in order of value

1 Nevada $11,200,000,000 14.58 Gold, copper, silver, lime, sand and gravel (construction).

2 Arizona 8,050,000,000 10.52 Copper, molybdenum conc., sand and gravel (construction),
cement (portland), silver.

3 Minnesota 4,500,000,000 5.88 Iron ore (usable shipped), sand and gravel (construction and industrial),
stone (crushed and dimension).

4 Florida 3,640,000,000 4.76 Phosphate rock, stone (crushed), cement (portland), sand and
gravel (construction), zirconium concentrates.

5 California 3,580,000,000 4.68 Sand and gravel (construction), boron minerals, cement (portland), gold,

stone (crushed).

28 Iowa 731,000,000 0.96 Stone (crushed), cement (portland), sand and gravel (construction and
industrial), lime

Total
U.S. $76,500,000,000.00



Minerals Make Economic Growth

Jobs and Wages

& A job in U.S. metals mining carries an average salary of approximately $85,500 a year—74
percent higher than the combined average of all private sector jobsi.

& More than 1.3 million U.S. jobs are supported through minerals mining — 433,000
Americans are directly employed and more than 872,000 are indirectly employed.

& For every job in metals mining, an estimated 2.9 additional jobs are generated, and for
every nonmetals mining job, an additional 1.8 jobs are created.
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Iowa’s Minerals

® Galena
& Lead
& Z1nc
& Gypsum
& Silica sand

® Iron




Iowa - LLead and Zinc

& Near Dubuque, Iowa
& Start approx. 1650

& Peak 1830 to 1860

% End 1910




Ilowa — Iron ore

® Waukon, Allamakee County
& Iron Hill deposit
& First mined in 1899

& Missouri Iron Company of
St. Louis operated a plant in
Iowa until 1918.



¢ Produced brick and tile

¢ Today only 3 companies mine clay for

Iowa — Clay

In 1900 there were 381 clay companies
operating in 89 of Iowa’s counties!

Shale bedrock, river alluvium, glacial
sediment

bricks in Dallas and Woodbury counties




Iowa — Cement

& Burnt lime via kiln fired limestone.

& Calcining to produce quicklime
or calcium oxide

& CaCO; + Heat — CaO +
CO,(g)

& Silurian Age Dolostone
¢ Hopkinton Formation

®Farmers Creek Member

®Marcus Member

® Jackson and Cedar Counties




*.!et Wt. 42.6 kg {94 Ihs.} ‘1 gl‘

L. FHIT G i

f};..r $ DELBERGCEMENTGroup |
® Hardens underwater 51 ﬂ RTLAND™
‘ M E NT

& Put Kiln burning out of business e ———

i
B it
R Pt % "f
T
Al el -8
L i R ¥
-
5 |
-
Hay I E
4 T euls gl -".
ummhnﬁﬂ .
o

Iowa - Portland Cement

& Four plants continue to operate -
in Cerro Grodo, Polk, and Scott Modern Day meand EEW enr
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Iowa - Stone

19t century construction

¢ Primary production centers include
Cedar, Jones, Des Moines, Marshall, Lee,
Madison and Jackson counties

& In 1982, crushed stone surpassed Portland
Cement as Iowa’s leading mineral
commodity

& There are nearly 500 registered quarries in
[owa today




Iowa — Gypsum

®Fort Dodge, Iowa 1850

& Two million tons per year
at a value of $12 million

®Products

& Wall

 board

& Port]

and cement




Iowa — Sand and Gravel

& Important resource for Iowa’s
roads and construction.

& In Iowa’s river valleys past and
DEESCHS

& Approx. 16 million tons per year
are mined per year at a value of
approx. $60 million.
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