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Historic of Fe Metallurgy
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Stone Age

2000 AD10000-1000-3000 BC -2000

Bronze Age Iron Age Antiquity Middle AgesModern Era

Iron beads using 
fallen meteorites 
in Ancient Egypt

Iron smelting (Anatolia)

Wrought Iron

Pig & Cast Iron

.ŜǎǎŜƳŜǊΩǎ tǊƻŎŜǎǎ όмуррύ

Modern Steel

http://belajar-engineering.blogspot.com

http://www3.open.ac.uk/media/fullstory.aspx?id=25614

Source: Museum of Cultural History, UiO

VIAS - Vienna Institute for Archaeological Science

Source: http://www.bbc.co.uk/history/
Source: 
https://www.dkfindout.com

http://belajar-engineering.blogspot.com/
http://www3.open.ac.uk/media/fullstory.aspx?id=25614
https://vias.univie.ac.at/en/
http://www.bbc.co.uk/history/
https://www.dkfindout.com/


Host Formations
Å Igneous 
Å Metamorphic
Å Sedimentary (most mined, 90% of acquired iron)

Modern Iron Ore Deposit and Production
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Source: U.S. Geological Survey

Country Usable Ore 

Australia 900,000 

Brazil 490,000 

China 340,000 

India 200,000 

Russia 95,000 

South Africa 81,000 

Ukraine 60,000 

Canada 49,000 

United States 49,000 

Iran 40,000 

2018 Global Production
(million metric tonnes)

Sedimentary Iron Ore Types
Å Bog Iron
Å Ironstones
Å Iron Formations (most mined)

Source: Modified from BekkerA, Slack JF, PlanavskyN, et al. (2010)



Sedimentary Iron Ores: Iron Formations
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Sedimentary rocks with more than 15% Fe

Cherty
Bandedtexture

Alternation of chert, 
silicate or carbonate 
with magnetiteor 
hematite layers

Å US classification (Gross, 1965):
o Algoma-type
o Lake Superior-type
o Rapitan-type

o Scale classification (Trendall, 1965):
o Macrobanding(m)
o Mesobanding(mm to cm)
o Microbanding(sub- to 5mm)
o Microlaminae(sub-mm)

Å Texture type (Clout and Simonson, 2005):
o BIF: Banded Iron Formation (Australia)
o GIF: Granular Iron Formation (USA)

Å Facies type (Clout and Simonson, 2005): 
o Oxide
o Silicate
o Carbonate
o Oxide

Iron formations

15 mm



Sedimentary Iron Ores: Mineralogy
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Why is the characterization of gangue mineralogy so 
important for downstream processing (Clout, 2005)?

o Si            slag content 

o Al            viscosity of the melt

o P is costly to remove and         brittleness

o S             emissions of sulphuroxides (SOx)

o Mg         strength of both pellets and sinters 

Source: Modified from Klein (2005)



An-ever Increasing Production Demand
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Need for iron ore of higher quality 

Demanding production environment

bŜŜŘ ƴŜǿ ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƻ ŀǎǎƛǎǘκƪŜŜǇ ǳǇ ǿƛǘƘ ǘƘƛǎ ŘŜƳŀƴŘΧ

Source: World Steel Association (WSA), Merlon



Case Study
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Can hyperspectral imagingbe a reliable 
assistant to characteriseboth the ore and 
gangue mineralogyand their associated 

textures in sedimentary iron ores ?
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CORE PHOTOGRAPHY

Å 50µm spatial resolution

Å 3 x CCD true colour

INFRA-RED SPECTROMETERS

Å 450nm-2500nm (VNIR-SWIR)

Å 3.5nm spectral resolution

Å 500µm spatial resolution

3D �t LASER PROFILER

Å 200µm spatial resolution

Å 20µm height resolution
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Inside the CORESCAN© HYPERSPECTRAL IMAGING SYSTEM (HCI-3) 
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Å Non destructive
Å Up to 250m of core 

scanned per day
Å ~200,000 spectra/m


