Chapter 3

Chemistry and Mineralogy of
Igneous Rocks
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Element Earth 2 Oxide Mantle 2 cz:lel:: Lc Coz:ti‘r:r:tal
Fe 31 SiO: 45.2 49.4 60.3
o 30 TiO: 0.71 14 1.0
Si 18 AlOs 3.54 154 15.6
Mg 16 FeOtotal 8.48 10.1 7.2
Ni 17 MnO 0.14 0.3 0.1
Ca 18 Mgo 37.48 7.6 3.9
Al 14 Ca0 3.08 125 5.8
Na 0.9 Na:0 0.57 2.6 3.2

K:0 0.13 0.3 25
P20s - 0.2 0.2

a. Ringwood, 1975, Composition and Petrology of the Earth's Mantle. New York: McGraw-Hill
b. Ronov and Yarovshevsky, 1969, Chemical Composition of the Earth’s Crust. American Geophysical Union Monograph 13.
<. Taylor, 1964, Abundance of cehmical elements in the continental crust: a new table. Geochim. Cosmochim. Acta 28. 1273-1285.
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The geometry of typical spectroscopic instruments. From Winter (2001) An Introduction to Igneous and
Metamorphic Petrology. Prentice Hall.
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-+ Dunite  Basalt  Andesite Syenite Granite  Rhyolite
= Ol A
o TR0, Si Al Fe, Ca, si0, 4008 408 5897 5054 6922 7724
Na, Mg, K, Tl, H, P, Mn (7}‘ Tio, 0.01 26 1.04 0.14 0.48 0.2
s C S) ALOy 029 ¥ 1717 186 155 181
=
PR Fe:0s 031 25 436 286 1.03 166
- 432 FE FeO 7.62 85 202 200 1.42 027
— CkQ| : Weight percent (wt.%) MO 011 018 01 o022 004 002
— SiQ} Na, K& H|#| Mgo 49.69 72 151 0.1 073 0.33
— Si9} Fe, Mg, Ca= tHH| 2| ca0 o1 13 49 116 193 148
. Na;0 005 22 423 896 415 259
_ Si0, St2S OtM MHOo| ME 2
0|QZ_ gge g4 = | - K0 0.01 0.62 29 424 442 412
e P20s o 032 051 016 015 006
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(after Shand ,1927).

At 20| Lts (peraluminous) : Al203 > CaO+K20+Na20
Z20|L}E (metaluminous) : K20+Na20 < Al203
< Ca0+K20+Na20
X2 0|Ltg (subaluminous) : Al203 = CaO+K20+Na20
nuZta|"  (peralkaline)  : Al203 < K20+Na20

Major element ©| diagram : Fig. 3.2, 3, 4 &xX(24 &, 34 & diagram)
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Triangular variation diagram (Example).

K20

(Wt.%) Andesite
Sio; 5897
TiO: 1.04
AlO3 17.17
Fez03 436
FeO 202
MnO 0.1 J
MgO 151
Ca0 49| 41 %
Na;O 423 35 .
K0 29 24 AN A 2.
KK ¢
H0*
NazO' NN NN N N0
Total 99.26
K.0x100
K,O(wt %)= 2 =
K,0+ Na,0 +CaC

Example of ternary diagram: AFM diagram: can further
subdivide the subalkaline magma series into a tholeiitic
and a calc-alkaline series

F

Figure 3-4. AFM diagram showing the distinction
between selected tholeiitic rocks from Iceland, the
Mid-Atlantic Ridge, the Columbia River Basalts,
and Hawaii (solid circles) plus the calc-alkaline
rocks of the Cascade volcanics (open circles).
From Irving and Baragar (1971). After Irvine and
Baragar (1971). Can. J. Earth Sci., 8, 523-548.

A=K20 +Na20
F = FeO total (Fe,O; + FeO)
M = MgOo (Wt.%)

Ternary Variation Diagrams

Example: AFM diagram
(alkaIiS(NazO+KzO)-FeOtotaI—MgO)

FeO + Fe,0,

AFM diagram for Crater Lake
volcanics, Oregon Cascades.
Data compiled by Rick Conrey
(personal communication).

Trace elements (O] 2k )
FAAEZ WO LIDIX| BE H
C S Cre Cig AEsts 98 9US.
o CHQ| : ppm (parts per million), ppb (parts
per billion)
—Ex 1 ppm = 1 g/ton (10,000 ppm = 1 wt.%)
 Rare earth elements(REE), Isotope, other
trace elements
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Rare Earth Elements (REE)

Atomic number 57 to 71 (Lanthanide series)

Periodic Table of the Elements
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REE Diagrams
Plots of concentration as the ordinate (y—axis) against
increasing atomic number (log scale)

Degree of compatibility increases from left to right
across the diagram (x-axis)

Log (Abundance in CI Chondritic Meteorite)

Atomic Number (2)

Eliminate Oddo—Harkins effect and make y—scale more functional by
normalizing to a standard (H=+=2| AXNHSE 2= 00| A2
0l 2 sat)

= chondrite meteorite concentrations (2Z 20/ E)
La Ce Nd Sm Eu Th Er Dy YbLu = estimates of primordial mantle REE (2 Al Y E)

= Oddo-Harkins rule argues that elements with odd atomic numbers
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Figure A4-3. Plot showing actual REE
concentrations in a granite from virginia

(Owens, unpublished results) and the

corresponding chondrite normalized A S Y T P gorids o)
concentrations La Ce Pr Nd Sm Eu Gd Th Dy Ho Er To

ol Thus, this sample is chondrite.
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(a) after Pearce and Cann (1973), Earth Planet, Sci. Lett., 19, 200-300. (b) after Pearce (1982) in Thorpe (ed.),
Andesites: Orogenic andesites and related rocks. Wiley. Chichester. pp. 525-548, Coish et al. (1986), Amer. J. Sci.,
286, 1-28. (c) after Mullen (1983), Earth Planet. Sci. Lett., 62, 53-62.




Large-ion lithophile (LIL) element
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MORB-normalized Spider

Separates LIL and HFS (MORB = mid ocean ridge basalt)
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Figure 5-7. Ocean isiand
basalt plotted on a mid-ocean
ridge basalt (MORB)
normalized spider diagram of
the type used by Pearce
(1983). Data from Sun and

21l

McDonough (1989). From
Winter (2001) An Introduction
to Igneous and Metamorphic
Petrology. Prentice Hall.
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Fig. 9-6. Spider diagram for an alkaline basalt from Gough Island, southern Atlantic. LIL (more mobile) HFS (less mobile)
After Sun and MacDonough (1989). In A. D. Saunders and M. J. Norry (eds.),
Magmatism in the Ocean Basins. Geol. Soc. London Spec. Publ., 42. pp. 313-345.
Isotopes
P Stable Isotopes
Same atomic number, different atomic weight Stable: last ~ forever
. [ | . -~
(variable # of neutrons) o s 1 (5ROl =1 5t
ala _,__ =g
General notation for anuclide: ;C C C "= TEE e
n 2 230H0| JIs(Z2EE4D])
n HEHQ HESRRALH,0,C, S
’ s SE AZ(EF) FHU 018

160 99.756% of natural oxygen
70 0.039% “
180 0.205% “




Radioactive Isotopes
(A SA|A D)
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m Parent nuclide = radioactive nuclide that

decays
m Daughter nuclide(s) are the radiogenic

atomic products
= K/Ar, Ar/Ar, Rb/Sr, Nd/Sm, U/Pb, Pb/Pb




