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Classifications based on the type of commodity are of little use in
exploration: they are more useful for economists than geologists. Genetic
classifications have always been the most fascinating. and genetic
models have been used extensively in the past as a basis for
classification. However. genetic classifications are very dangerous. as
they assume that we know the origin of the ore deposit. which. in many
cases. we don’t! They are also subject to change as scientists revise their
models for the genesis of an ore deposit. This leaves us with using the
“environment™ of the ore body or its “geologic setting™ as perhaps the
best criterion for the classification of ore bodies.



- Table 2.1 Metals. useful minerals and their ores

Class Element Mineral Composition™
/ Ferrous metals [ron (Fe) Hematite Fe»04
Limonite. goethite FeO-OH
Magnetite Fe;04
Manganese (Mn) Pyrolusite MnO»
Chromium (Cr) Chromite FeCr,0Oy4
Nickel (Ni) Pentlandite (Fe, Ni)oSg
Garnierite (N1,
Mg);S1,05(OH)4
Molybdenum (Mo) Molybdenite MoS,
Vanadium (V) Magnetite (Fe, V)30,
Aluminium Aluminium (Al) Gibbsite AI(OH);
Base metals Copper (Cu) Chalcopyrite CuFeS,
Chalcocite Cu,S
Cuprite Cu,O
Tetrahedrite (Cu, Ag)1»Sbhy
Si3
Malachite Cu,CO4(OH),
Azurite Cu3(CO3)2(OH),
Native copper Cu
Zinc (Zn) Sphalerite (Zn, Fe)S
Lead (Pb) Galena PbS
| Tin (Sn) Cassiterite SnO»




Precious metals

Gold (Au)

Native gold

Au

Platinum (Pt)

Alloys of platinum group
elements (PGE)

Pt, Pd. Os, Ir ...

Silver (Ag) Native silver Ag
Argentite (Ag»S)
Energy sources Uranium (U) Pitchblende Uo,
Coal (C) Coal C
High-technology Titanium (T1) [Imenite FeTiO;
metals Rutile Ti0,
Zirconium (Zr) Zircon 715104

Niobium (Nb),
thorium (Th), rare
earth elements

Monazite, apatite and rare
minerals (bastnasite,
pollusite, etc.)

Nb. Th, La, Ce.
Nd ...

Other elements

Barium (Ba) Barite BaSOy4
Fluorine (F) Fluorite CaF-,
Potassium (K) Sylvite KCl

(continued)



Table 2.1 (continued)

: Class Element Mineral Composition™
Minerals Diamond C
Corundum Al,O3
Garnet Silicate of Al,
Mg, Fe
Talc Mg3Si,0g(OH),
Mica Phyllosilicate
Diatomite Silica
Andalusite, kyanite Al>,S105
Albite NaAlSi;0g
Halite NaCl
Calcite CaCOs5




Table 2.2 Classification of Sulfides and sulfosalts

ore minerals Covellite—CuS
Chalcocite—Cu,S
Chalcopyrite——CuFeS,»
Bornite—Cug FeSy4
Tetrahedrite—(Cu, Ag);2Sby Si3
Galena - PbS
Sphalerite—(Zn, Fe)S
Cinnabar—HgS
Cobaltite—(Co, Fe)AsS
Molybdenite—MoS,
Pentlandite—(Fe, Ni)gSg
Millerite—NiS
Realgar—AsS
Stibnite—Sb, S5
Sperrylite—PtAs,
Laurite—RuS,
Oxides and hydroxides

Bauxite
Gibbsite—Al(OH);
Boehmite—(y-AlO(OH))
Diaspore —(a-AlO(OH))
Cassiterite—SnO,
Cuprite—Cu,0
Chromite——(Fe, Mg)Cr,0y4
Columbite— Tantalite or coltan (Fe, Mn)(Nb, Ta),0O¢
Hematite — Fe,0s3
[lmenite— FeTiO5




Table 2.2 (continued)

Magnetite—Fez04

Pyrolusite—MnO,

Rutile—Ti0,

Uraninite (pitchblende)—UQO,

Oxysalts

Calcite—CaCO,

Rhodochrosite—MnCO5

Smithsonite—ZnCO;5

Malachite—Cu>CO3(OH)»

Barite—BaSO,

Gypsum-—CaS0,4.2H,0

Scheelite—CaWO,

Wolframite—(Fe, Mn)WOQO,

Apatite—Cag (POy4)s (F.CL. OH)

Halides
Halite—NaCl
Sylvite—KClI

Fluorite—CaF,

Metals and native elements

Gold—Au

Silver—Ag

Platinum-group metals—Pt, Pd, Ru

Copper—Cu

Carbon—C (diamond, graphite)

Silicates

Beryl—Beg A12 (8103 )6

Garnet—Silicate of Al, Mg, Fe

Garnierite—Mixture of the Ni-Mg-hydrosilicates

Kaolinite— Al Siy Og (OH)g

Sillimanite—Al, Si0Og

Spodumene—LiAlSi, Og

Talc—Mg3 Sl4 08 (OH)2

Zircon—Z2rSi0y4
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Classifications vary, and 1n general
they depend on one or more of the
following criteria:
Descriptive
*Morphology
«Commodity
*Genetic
Environment




The purpose of classifying mineral deposits is to group them into a small
number of types having certain features in common.
«Classifications of mineral deposits
eshould propose generalizations about the origin and
eshould be applicable in field descriptions of deposits
» Since Middle Ages (that is since the time of Agricola), several classifications of
mineral deposits have been proposed.

The significant criteria used in these classifications were:
emorphology or form of deposit (shape, size, attitude),
eorigin or source of ore-bearing fluid (magmatic: plutonic/volcanic, meteoric,
commodity content (Cu, Pb-Zn, Au-Ag, etc.),
ecnvironment of formation or physical-chemical conditions (temperature,
pressure, place of deposition: deep/shallow, host rocks, etc.),
eprocesses of deposition (open space filling, replacement, crystal settling,
liquid immiscibility, evaporation, etc.)



/ - Six classificati

*Niggli (1929)

«Schneiderh6hn (1941)

Lindgren (1913, revised 1933, modified 1968)

«Bateman (1942, revised 1950, revised 1979)

«Stanton (1972)

*Guilbert and Park (1986)

*Niggli (1929) and Schneidernéhn (1941) classifications have
historical significance.

Lindgren (1913, revised 1933, modified 1968) classification is
still the most important genetical classification.

Bateman (1942, revised 1950, revised 1979), Stanton (1972),
and Guilbert and Park (1986) classifications are easier to use in
field studies



e NiggW

*Niggli considered only mineral deposits related to magmatic
processes
*The deposits formed under high temperature-high pressure, deep-
seated conditions are termed as plutonic, or intrusive; and the
deposits formed under low temperature-low pressure, near-surface
conditions are termed as volcanic, or extrusive.
*Plutonic deposits are divided into

eorthomagmatic,

epneumatolytic to pegmatitic, and

ehydrothermal deposits.
Here, the criterion is the nature of the ore-bearing fluid: magma, gases
or fluids under high pressure, or aqueous solutions.
*Each group is further subdivided according to metal content and
mineral associations.



P Nigng

. PLUTONIC, OR INTRUSIVE
A.Orthomagmatic
1.Diamond, platinum-chromium
2. Titanium-iron-nickel-copper
a. lron-nickel-copper senideulfide/ars
b. Titanium-iron oxide
B.Pneumatolytic To Pegmatitic
1.Heavy metals - phophorus - titanium
a. Copper-lead-zinc
b. Tourmaline-rutile
2.Silicon-alkali  metals-fluorine-boron-tin-molybdenum-
tungsten
3. Tourmaline-quartz



/Sehneiderhﬁhn%lassiﬁ%tb/n

«Schneidernéhn also considered only mineral deposits related
to magmatic processes.
«Four main classes are recognized depending on the nature of
the ore-bearing fluids:

eintrusive and liquid-magmatic (magma),

epneumatolytic (gases under high temperature-pressure

conditions),

ehydrothermal (aqueous solutions), and

ecXhalation (gases and hot springs).
«Further subdivisions were made according to deep-seated
versus near-surface conditions, mineral associations, type of
deposition, host rock or gangue minerals.



~Schneiderhohn Classification

. INTRUSIVE AND LIQUID-MAGMATIC DEPOSITS

II. PNEUMATOLYTIC DEPOSITS

A. Pegmatiti veins

B. Pneumatolytic veins and impregnations

C. Contact pneumatolytic replacements

1. HYDROTHERMAL DEPOSITS

A. Gold and silver associations

B. Pyrite and copper associations

C. Lead-silver-zinc associations

D. Silver-cobalt-nickel-bismuth-uranium associations

E. Tin-silver-tungsten-bismuth associations

F. Antimony-mercury-arsenic-selenium associations

G. Nonsulfide associations (Iron-manganese-magnesium
oxide/carbonate)

H. Nonmetallic associations (Fluorite-barite-quartz)
V. EXHALATION DEPOSITS



~—Lindg

*Lindgren considered all types of mineral deposits, not only those related to magmatic
processes.
*Primary subdivision is into chemical and mechanical processes of concentration.
«Chemical processes are divided into groups according to place of deposition of minerals:
eDeposits formed in magmas
¢ magmalfic segregation deposits and
¢ pegmatites.
*Deposits formed in bodies of rocks are
syolcanic exhalations (sublimates, fumarolic deposits),
signeous metamorphic deposits (contact metamorphic, contact metasomatic,
hypothermal in carbonate rocks),
shydrothermal deposits (hypothermal, mesothermal, epithermal, telethermal,
xenothermal),
smetamorphic deposits
sChemical weathering deposits.
*Deposits formed in bodies of surface waters are termed as
sChemical sedimentary deposits (chemical precipitates),
scyaporates,
syolcanogenic.
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Table 2.4 Lindgren’s Classification of Ore Deposits (modified from Lindgren 1933; Evans 1993)

Depth Temperature | Occurrence Metals
(°C)
Telethermal | Near +100 In sedimentary rocks or lava Pb. Zn, Cd, Ge
surface flows:; open fractures, cavities,
joints. No replacement
phenomena
Epithermal Near 50-200 In sedimentary or igneous Pb. Zn. Au,
surface to rocks:; often in fault systems: Ag. Hg. Sb.
1.5 km simple veins or pipes and Cu, Se, Bi, U
stockworks: little replacement
phenomena
Mesothermal | [.2—4.5 km | 200-300 Generally in or near intrusive | Au, Ag. Cu,
igneous rocks; associated with | As, Pb, Zn, Ni,
regional faults; extensive Co, W, Mo, U
replacement deposits or etc.
fracture fillings; tabular bodies,
stockworks, pipes
Hypothermal | 3-15 km 300—600 In or near deep-seated felsic Au, Sn., Mo,

plutonic rocks in deeply eroded
areas. Fracture-filling and
replacement bodies; tabular or
irregular shapes

W. Cu, Pb, Zn,
As




/BatemanLrEIassiiiea%iﬁn/

-Bateman also considered all types of mineral
deposits.

*His classification Is a simplified version of
Lindgren's, but subdivisions are according to
processes of deposition and form of deposit.



~ Stanton Classification—

-Stanton considered only metallic mineral
deposits.

*The primary subdivision Is according to
associated host rocks.

Then, each group Is subdivided using
metallic associations.



_ Guilbert and Park Classification

Guilbert and Park considered all types of
mineral deposits (Table ©6.6). The primary
subdivision is two-fold:
eaccording to the associated host rocks for
deposits related to magmatic rocks; and
eaccording to the process of deposition for
other deposits.



/

" Table 2.5 Tectonic

classification of ore deposits

)

I. Deposits at oceanic ridges (divergent plate margins)

Volcanogenic massive sulfide deposits (Cu. Zn)

Sedimentary exhalative deposits (Zn. Cu, Pb, Au and Ag).
e.g. Red Sea

Mn nodules (Mn., Ni, Cu. Co ...)

Cr. PGE. asbestos in ultramahc rocks

II. Deposits at convergent plate margins

Porphyry Cu-Mo deposits

Other base metal deposits (Cu, Pb, Zn, Mo)

Precious metals (Pt, Au, Ag)

Pb—Zn—Ag veins and contact metasomatic deposits

Other metals (Sn, W, Sb, Hg

[Il. Deposits in cratonic rift systems

Deposits of Sn, fluorite, barite in granites

Evaporites in rift basins

Carbonatites containing Nb, P, REE, U, Th and other rare
elements

IV. Deposits in intracontinental settings

Ni and PGE in layered intrusions

Ti in anorthosites

Iron-oxide Cu-Au deposits

Pb-Zn—Ag deposits in limestones and clastic sediments

Sedimentary Cu deposits

Ni. Al laterites

Diamonds in kimberlites



Table 2.6 Classification of deposits based on the ore-forming process

1. Magmatic: ores that form by the accumulation of minerals that crystallize directly from magma

(a) In mafic and ultramafic rocks

* Chromite and platinum-group elements (PGE) in large layered intrusions (Bushveld in South Africa, Great Dyke
in Zimbabwe)

e Chromite in ophiolites (Turkey)

* Cu-Ni-Fe sulfide in the layered intrusions (Sudbury, Norilsk)
* Sulfide Ni-Cu—Fe 1n komatitic lavas (Kambalda)

¢ Diamonds i kimberhtes

(b) Associated with felsic intrusions

* Cu ore mn carbonatites (Phalabora)

* REE, P, Nb, Li, Be etc. in pegmatites




: are mobilized within and precipitated from aqueous
fluids or various origins—classification based on origin and geologic setting of the aqueous fluid

- (a) Meteoric water systems

* Epithermal Au-Ag deposits (United States, Chile, Argentina, Peru)

(b) Seawater systems

* Volcanogenic massive sulfide Cu-Zn-Pb deposits (Canada, Japan)

(c) Magmatic water systems

* Porphyry Cu-Mo-Au deposits (Chile, Peru, United States)

* Skarn Cu-Zn-Pb-Fe-W-Sn-Au-Ag deposits (Indonesia)

(d) Basinal water systems

* Sedimentary exhalative (SEDEX) Pb-Zn deposits (Australia, Canada)

* Mississippi Valley-type (MVT) Pb-Zn-Ba-F deposits (United States, Canada, Australia)

* Sedimentary rock-hosted stratiform Cu-Co-(Ag) deposits (Democratic Republic of Congo, Zambia, Poland,
Germany)

* Unconformity and sandstone U deposits (Canada, Australia)

(e) Metamorphic water systems

* Orogenic Au deposits (Canada, Australia)

() Systems with transitional characteristics

* Carlin-type Au-As-Sb-Hg deposits (United States, Iran, China)

* [ron-oxide, copper-gold (I0CG) and ron-oxide apatite (IOA) deposits (Australia, Sweden, Chile)




(a) Placer and paleoplacer deposits

* Modem beach and river Au, Ti-Zr and diamond placers (California, Australia, Brazil, Namibia)

* Ancient Au-U paleoplacer deposits (Witwatersrand, South Africa)

(b) Chemical sedimentary deposits

* Banded (BIF) and granular (GIF) iron formations—Australia, Brazil, United States, South Africa, Canada

* Manganese deposits—South Africa

* Evaporites, including marine (Na-K-Ca-Mg-Br) and non-marine (Li, B)

* Phosphorites

4. Deposits related to weathering

(a) Laterite deposits

« Al laterite—Dbauxite (Jamaica, France, Austraha)
« N1 laterite (New Caledoma)
(b) “Supergene”™ enriched deposits

* Cu, Zn, Au supergene and oxide deposits
5. Metamorphic deposits
(a) Deposits in skam (China, Scandinavia, USA)
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gt Conclusion —

Formation of mineral deposits is a complex process, and
most of the processes grade into each other by changing
variables of the system such as temperature, pressure,
host rock, fluid composition.

Thus the classifications of mineral deposits should be
flexible, and should allow gradations or intermediate
classes.

Niggli, Schneiderhohn, Lindgren, and Bateman
classifications are essentially similar; genesis or nature of
the ore-bearing fluid is the basis of the primary
subdivision in all of them.



_ Conclusion— —

Niggli and Schneiderhohn classifications include
subdivisions for mineral associations or metal content of
the deposits. So, they may be used in the field.

Lindgren tried to place physical and chemical processes in
depth temperature zones.

Bateman classification is the simplest; it emphasizes the
process of formation and the form of the deposit.



