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What goes on within the magma chamber?

Multiple Magma Pulses (very simplified version):

Lower density pulse:
new magma rises
to chamber “ceiling”.

Higher density pulse:
new magma flows
along chamber floor.

Figure 1.16 Robb (2005) Introduction to Ore Forming Processes

(Eg Bushveld Cromite & 
Platinum Group Elements)

(eg Merensky & JM
layered mafic intrusions)



Mixed Archean magmas, Minnesota
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Mixed Archean magmas, Minnesota







“Reef” facies and PGE grade
        (Moodley 2008)







Magmatic Processes

•  Within the magma chamber
•  During magmatic ascent
•  During volcanic venting
•  The role of water

– Magmatic water
– Ground water



http://cdn.c.photoshelter.com/img-get/I0000gr6kdicfnEU/s/860/860/Fphoto-66968903C-6CC.jpg

What else goes on within the magma chamber?



http://cdn.c.photoshelter.com/img-get/I0000gr6kdicfnEU/s/860/860/Fphoto-66968903C-6CC.jpg

Mixing Oil and Water

Water is a polar molecule,

Oil is not.

“Likes mix with Likes”

Polar molecules mix with 
other polar molecules:
water and ethanol.

Non-polar molecules mix 
with other non-polar 
molecules: copper and zinc.



Warren 2016



What is the source of Sulfur in the magma?

Warren 2016

Anhydrite (CaSO4   a salt deposited in closed basins



1. Magma Chamber

Sulfides

Formation of 
Si & S droplets 

Gravity Segregation
Of immiscible phases

With sufficient sulfur in a melt, possibly absorbed from country
rock adjoining the magma chamber,  large volumes of sulfur and
silicate liquid melts will develop late in the magma’s solidification.
These liquids are immiscible, so the denser sulfur liquid sinks to 
the bottom of the magma chamber.
Examples: copper and nickel sulphides at Sudbury, Canada

Silicates







Noril’sk Mine, Siberia, Russia

http://rostec.ru/en/news/1301



What is the source of Sulfur in the magma?

Warren 2016

Anhydrite (CaSO4   a salt deposited in closed basins













Walker et al 1991



Garson Mine Maps, Sudbury, Ontario

Mukwakwami et al 2012



Zieg and Marsh 2005

But where does the
Sulfur come from?

A real mystery.



Warren 2016



Figure 9-11 Kessler (1994)
Mineral Resources, Economics,
And the Environment

Some
Base Metal
Ore Models



             PLUTON

3. Hydrothermal settings- as magmas crystallize, the water present in the liquid magma is driven off into fractures or permeable beds 
within the host rock.  Minerals species that are water-soluble will thus be carried away from the parent magma body.  As the water 
encounters lower temperatures and pressures, it may boil.  Sulfide ores will precipitate in the order shown in this diagram, beginning 
with zinc or lead if present, and ending with a sinter of silica and or carbonate.  The host rock may thus become host to hydrothermal 
deposits. Hydrothermal waters may also be derived from the circulation of ground water in deep basins.  If the  resulting brines ascend to 
shallow depths, the same order of precipitation of dissolved sulfides may occur.

Hydrothermal settings
                                          Sinter (Silica/Carbonate)
                                                  Arsenic

      Antimony

Mercury

Gold

 Silver

         Copper

   Zinc-Lead

Order of precipitation of
hydrothermal minerals
between pluton and
surface



Water: polar, high dialectric constant, high heat capacity, 
high surface tension, maximum density above 32°F



USGS Scientific Investigations Report 2010-5070-A
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Robb (2005) Introduction To Ore Forming Processes
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USGS Scientific Investigations Report 2010-5070-A



http://www.igsb.uiowa.edu/Browse/leadzinc/leadznc1.gif
Upper Mississippi Valley Zinc Mine, Dubuque, Iowa



Underground lead-zinc mine, Viburnum, Missouri

http://blogs.agu.org/magmacumlaude/files/2011/03/ESCD3865L-028.jpg



http://www.womp-int.com/story/2008vol2/story024.htm

Copper Mine, Zambia, Central Africa Copper Belt



Robb (2005) Introduction To Ore Forming Processes



Sedimentary settings-
Sedimentary Precipitates precipitation of ores in appropriate
sedimentary environments, possibly aided by biota.

Banded Iron Formations (BIF)-preCambrian in age.  Inferred to be deposited before
abundant oxygen was present in the atmosphere.

Oxygen Rich Water

Iron Rich Water



Robb (2005) Introduction
To Ore Forming Processes



Robb (2005) Introduction To Ore Forming Processes



Soudan Mine, MN
Banded Iron Formation



Soudan Mine, MN,  Banded Iron Formation





Residual Ore 

Supergene Ore

Surface Deposits
Residual process: leaching of non-ore material, leaving concentrated
Insoluble elements in the remaining material

Supergene process: leaching of elements from shallow deposit
 and precipitation of these at depth, yielding higher ore grades



Robb (2005) Introduction To Ore Forming Processes



Robb (2005) Introduction To Ore Forming Processes



Robb (2005) Introduction To Ore Forming Processes



Bauxite mine, Jamaica

http://jamaica-gleaner.com/gleaner/20111209/business/images/Bauxite-307768.jpg



Hanna Nickel Mine, Riddle, Oregon


