Igneous Rock Classification

What's in a name?

How to name a rock?

* Many different systems have been proposed
(based on texture, mineralogy, and/or chemistry).

* We want one that’s easy to use (even in the field),
unambiguous (based on observations, not
interpretations), and still precise.

* How about “plutonic / volcanic / pyroclastic™?

» Better to use the texture terms phaneritic,
aphanitic, and fragmental...along with
compositional information.

Texture + Composition — Rock Name

Why name a rock?

1. It forces one to examine the rock
closely, and

2. It enables us to communicate
precisely what we have.

Increases your petrologic intuition
Helps you speak the language of geology

1. Phaneritic Igneous Rocks

» UGS classification for phaneritic (“plutonic”) rocks:

Textbook Figure 3-2

* QAPF = Based on relative proportions of Quartz, Alkali

feldspars, Plagioclase feldspars, and Feldspathoids (e.g.,
nepheline NaAISiO,, leucite KAISi,Og)

* Diagram assumes Q+A+P+F > 10%

hoODN=

—If not, use the diagrams for mafic & ultramafic rocks

Determine the mode (volume %)
Determine Q+A+P (or F+A+P)
Normalize Q+A+P to 100%

Plot on the diagram




1. Phaneritic Igneous Rocks

5. When appropriate, further modify with mineralogical or
textural adjectives such as:

—Leuco (leucocratic = light-colored)
—Mela (melanocratic = dark-colored)

—Mineral names (list in order of increasing abundance,
but do not repeat those implicit in the the rock name)

— Porphyritic

What's up with the “P” corner?

* Gabbro: >35% mafics (usually ol or px), plag is An > 50.

» Diorite: <35% mafics (usually ol or px), plag is An < 50.
* Anorthosite: <10% mafics

1. Phaneritic, Q+A+P+F>10%
Q

1. Phaneritic Igneous Rocks

How to normalize: An example
A rock has Q =10%, A = 30%, P = 20%, and Mafics = 40%.
Normalization gives recalculated values of Q, A, and P as:
Q=100x10/60 = 16.7%
A =100 x 30/60 = 50.0%
P =100 x 20/60 = 33.3%
Let’s practice:
* 10% qtz, 15% plag, 15% kspar, 40% hbl, 20% biot
* 13% qtz, 6% plag, 68% kspar, 5% cpx, 6% hbl, 2% other

1) Biotite hornblende monzogranite (or biotite hornblende granite)
2) Clinopyroxene hornblende alkali feldspar quartz syenite (or
clinopyroxene hornblende quartz alkali feldspar syenite)

1. Phanerltlc Q+A+P+F<10%
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1. Phaneritic, Q+A+P+F<10% 2. Aphanitic Igneous Rocks

ite
90 20
‘m » Similar triangular classification exists for aphanitic rocks,
Berzoite FERDOTITE but modes are hard to estimate and biased toward early-

otivine formed phenocrysts; not satisfactory. We will not use it.

:zoxmg + Chemical classification
+ Based on major-element analyses (Si, Al, etc present at
weight-% levels), generally reported as oxides (as in our
homework earlier in the semester) BpY
—4 major divisions based on SiO, content:
peiote Basalt (<52%), andesite (52-63%),
PERIDOTITE dacite (63-69%), rhyolite (>69%)

PYROXENITE + Widely used chemical classification system for volcanlc

AND

HORNBLENDITE rocks is total alkalis vs silica plot: Textbook Figure 3-6
Korblendite — Based on chemical analysis, normalized to 100% on dry basis
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2. Aphanitic 3. Fragmental Igneous Rocks

Further subdivisions of shaded fislds £
trachyandesite 4

basaltic trachyandesite

r NaZO + K20 wtt%

» Chemical classification is possible, but may be unreliable
due to abundant xenoliths.
a0 - 2.0 2 K30 | hawaiite mugeante tenmoreite

» Textural classification Pumice, Class
50202 K10 ™™™ ™ « Based on relative proportions of 3 components:

1. Vitrics (glass, pumice, ash)

2. Crystals (phenocrysts) ﬂ&

3. Lithics (xenoliths, rock fragments) e ements Froditths
* Commonly use 2 most abundant components
* Arrange in order of increasing abundance
* Use degree of welding or compaction as a modifier

trachybasalt

(q =20%)
& trachydacite
Y (q =20%)

1 : foidite
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3. Fragmental Igneous Rocks Igneous Minerals

Pumice, Glass

* What minerals are likely to be present?
— Bowen’s reaction series
— Textbook Table 2-1
* Major light-colored minerals:
Quartz, plag, alkali feldspars, muscovite; (leucite = never
with quartz)
Crystals, Rock . i - i .
Crystal F nts Fragments Major dark-colored minerals:
Olivine, opx, cpx, hornblende, biotite; (tourmaline, beryl)

4. Other Igneous Rocks . Accessory minerals:

+ Pegmatites — Apatite, magnetite, ilmenite, chromite, sphene (=titanite),
« Carbonatites pyrite
« Obsidian + Alteration/secondary minerals:

« FEtc... Chilorite, epidote, hematite

1. Phaneritic Igheous Rocks 1. Phaneritic Igheous Rocks

Practice #1: 10% qtz, 15% plag, 15% kspar, 40% hbl, 20% biot Practice #2: 13% qtz, 6% plag, 68% kspar, 5% cpx, 6% hbl, 2% other
Q+P+A = 10+15+15 = 40 * Q+P+A = 13+6+68 = 87
Q=10/40=25%, P=15/40=37.5%, A=15/40=37.5% o * Q=13/87=15%, P=6/87=7%, A=68/87=78% o
Find Q=25% on QAP ternary (a horizontal line, EXPLANATION » Find Q=15% on QAP ternary (a horizontal line, EXPLANATION
because 100% Q is the top and 0% Q is the bottom of Q Quartz because 100% Q is the top and 0% Q is the bottom of % Q Quartz
s triangie) T tis triangle) s
What'’s left over (on the ternary)? = A+P P Plagiociase AHH:S * What'’s left over (on the ternary)? = A+P oAtz RCH P Plagioclase AHH:S

QUARTZ RICH
GRANTOIDS » Notice it’s almost all A: P=7%, A=78% (so, if you o GRANTOIDS
&0 subtract the Q=15% and re-normalize the A+P only, you FELDSPAR T 60
TONALITE, GRANITE,

Notice there are equal amounts: A =P = 37.5% s

(so, if you subtract the Q=25% and re-normalize the A+P FELDSPAR

! TONALITE,

only, you get 50%A + 50%P) INCLUDES. get 92%A + 8%P) INCLUDES o

. ALASKITE ! TRONOHJEMITE . ALASKITE ! S TRONDHJEMITE
Thus, the rock will plot 1/2 way across the GRANITE * Thus, the rock will plot 92% of the way across G“’,‘””E B
Q=25% line = monzogranite (on some versions of _aau v the Q=15% line toward A = alkali feldspar ALkaL | (’% v
this ternary diagram, the “granite” field isn't subdivided “Guaniz. \ ' DioRTE quartz syenite (on some versions of this ternary e wveno | monzo: DioRITE

SYENITE SYENITE GRANITE) ( ‘GRANITE}
into syeno- & monzo-) 20 diagram, this field is quartz alkali feldspar syenite) * 20
. . . A . .
The rock also contains 20% biot + 40% hbl, so 2( Svene | wowzowre | wosoone « The rock also contains 5% cpx + 6% hbl, so we 2‘ SENTE | MOWONTE | {uoNEODORITE
we have to add those words as modifiers R SYENTE | WonzoniiE | monzobiomie L \° . should add those words as modifiers ( ad]ecnves SYENTE | WonzoniiE | monzobiomie L \° .
i 1 i H il 90 65 35 10 35 10
(adJeCtlves) in Order Of IncreaSIng abundance ALKALI FELDSPAR CICRITE, GABBRO. In order Of IncreaSIng abundance ALKALI FELDSPAR CICRITE, GABBRO.
SYENITE AND ANORTHOSITE AND ANORTHOSITE
= Biotite hornblende monzogranite (or biotite hornblende granite) = Clinopyroxene hornblende alkali feldspar quartz syenite (or

cpx hbl gtz alkali feldspar syenite on some ternaries)



