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Relative Frequency of Rock Types
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Magma chemistry
Two maln classes

“mafic magmas + rocks
ma- fic

magnesium + iron (Ferrous) rich
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OR;

‘felsic)magmas + rocks
fel - sic

Feldspar and silicarich
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felsic |->intermediae->mafic

light dark
large ions small ions
(K, Na) (Mg, Fe)

more S (>60%) less Si (£ 50%)
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felsic |->intermediae->mafic

light

large cations
(K, Na)

more S (>60%)

cooler magmas
light minerals

which more explosive? minerals?

dark

small cations
(Mg, Fe)

less Si (£ 50%)

hotter magmas
dense minerals

ES101--Lect 8



~ Ultra-
Fe|S|C |ntermediate Maﬂc mafic

Pyroxene
Olivine
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~ Ultra-
Fe|S|C |ntermediate Maﬂc mafic

{Granite} Diorite {Gabbro} Perid-

otite

Quartz

Pyroxene
Olivine
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Faelgic inermediate N aflC

cOoarse

{Granite} Diorite [Gabbro}

fine
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Basalt (fine)

Gabbro (coarse)
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Mafic Igneous Rocks



Diorite (coarse) Andesite (fine)

Intermediate Igneous Rocks



Rhvolite (fine

Granite (coarse
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Classitying igneous rocks by
composition and texture

Basalt

Fine-grained Rhyolite | Dacite : Andesite

Coarse-grained Granite E Granodiorite 1 Diorite ; Gabbro Peridotite

I
] Calcium-rich

Quartz

Potassium = /
feldspar
Olivine
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Color of rocks becomes increasingly dark

Percentages of minerals by volume
F N »]
o

Increasing silica content



Ridges:
Mantle undergoes decompression melting
--->>> Basalts (dry)

1300°C

basalt = mantle melt ("blood of the Earth™)
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Mantle Melting
1100°C 1300°C | emperature

Depth

L ower
Pressurel!

ES101-Lect9



water --> mantle wedge,
--> Dpasalt arc volcanism...
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H>O -- Lowers Melting Point

800°C 1100°C

Depth
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basaltic melts -> andesite melts

basaltic andesitic
magma magma
. .
Olivine Olivine+
Pyroxene
cooling + Ca-f'spar

-
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Mt. St. Helens
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Edifice

0 km Surface \\\_

Conduit
~3=10km ﬁ Shallow reservoir
UPPER CRUST Dyke feeders
20 krn Conrad % e .
LOWER CRUST @
)
30 km Seismic Moho

>30 km Petrological Moho — —————

MANTLE Melt present No melt
EEE ) [ Crust
100% 0
[ Basak
100% 0
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Volcanic/Extrusive Rocks
cool fast, fine-grained

SO
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magma also cools under ground......
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Plutonic/Intrusive Rocks
cool slowly, coarse-grained
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<—— | and surface

Rock c. 100 Ma

eroded <
away

2t Present-day
land surface
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What a geologist imagines Lect 8




Original
termination
of dike

Sill pushes between
layers of rock.

Dike cuts
across layers.  [ayers of
sandstone

If all the sandstone were
removed, the intrusions
would look like this.
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Geochronology Outline:

1) Relative ages 2. Absolute Radiometric Ages




Geologic Time

Principles of Geochronology

How do we determine age in the geological record?

Go out to the field. Observations yield relative age.




Relative Ages

m Logical tools are useful for defining relative age.
e Principle of uniformitarianism.
e Principle of superposition.
e Principle of original horizontality.
e Principle of original continuity.
e Principle of cross-cutting relationships.
e Principle of inclusions.
e Principle of baked contacts.

Land surface

Limestone

Fault Basalt dike
Earth: Portrait of a Planet, 3" edition, by Stephen Marshak Chapter 12: Deep Time: How Old Is Old?



"= Uniformitarianism — The present is key to the past.

e Physical processes that we observe today operated in the
same way in the geological past.

e Modern processes help us understand ancient events in
~the rock record.

Earth: Portrait of a Planet, 3" edition, by Stephen Marshak Chapter 12: Deep Time: How Old Is Old?



Law of Superposition

Each layer of rock is older than
the layer above it and younger
than the rock layer below it.

3 Hérmit Shale

Nicolaus Steno, a Danish anatomist, geologist, and priest (1636 - 1686)



Relative Age

m Horizontality and continuity.
e Strata often form laterally extensive horizontal sheets.
e Subsequent erosion dissects once-continuous layers.
e Flat-lying rock layers are unlikely to have been disturbed.

Sea-level rise

Earth: Portrait of a Planet, 3" edition, by Stephen Marshak Chapter 12: Deep Time: How Old Is Old?



Law of Cross-cutting Relationships

Layer

A fault or dike that cuts through
| - another body of rock must be
(. youngerthan the rock it cuts

Oldest Layer

Scotsman James Hutton (1726-1797)



Law of Inclusions

If a rock body (Rock B) contains
fragments of another rock body (Rock
A), it must be younger than the
fragments of rock it contains.

James Hutton



Relative Age

m Baked contacts.

e Thermal metamorphism occurs when country rock is
invaded by a plutonic igneous intrusion.

e The baked rock must have been there first (it is older).

Earth: Portrait of a Planet, 3" edition, by Stephen Marshak Chapter 12: Deep Time: How Old Is Old?



Law of Faunal Successions

Age of rock unit A

o @7“*’

8; | ! / | fdfl

/ W‘I % * = Fossils in rock layers appeared in a
/ W Age of rock unit B predictable sequence, within a discrete
| ﬁ\f vy >4 period of time.
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Copynght © 2002 by Tasa Graphic Arts, Inc

William Smith



Unconformities

= An unconformity is a time gap in the rock record.
e Nondeposition.
e Erosion.

Earth: Portrait of a Planet, 3" edition, by Stephen Marshak Chapter 12: Deep Time: How Old Is Old?



Relative Age

= Determining relative ages empowers geologists to
easily unravel complicated geologic histories.

Land surface

Limestone

Fault Basalt dike

Earth: Portrait of a Planet, 3" edition, by Stephen Marshak Chapter 12: Deep Time: How Old Is Old?



James Hutton (1726-1797)
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