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Oceanic crust

(a)
Reduction in elevation due to weathering,
erosion, and transport of materials Deposition
of sediments Oceanic crust

(b)
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Geologie na konci 20. stoleti preSla od fixistickych statickych interpretaci k
dynamickému pojeti vyvoje Zemc¢. Dnes dominujici paradigma geologie —
tektonika litosferickych desek - zdiiraziuje vyrazné horizontalni presuny

kontinentalnich bloki. Za jejich hnaci motor je povazovana tepelna
konvekce v plasti Zemé, ktera je urcovana tepelnou vyménou mezi
zhavotekutym jadrem Zemé a pomérné chladnym povrchem.

Divergent Convergent -,
Sl ol Thompson and Turk: Earth Science and the Environment, 2/e

Plate Plate "% yoleanic e
Boundary Rou ; Figure 5.1

Heated soup rises
/ from bottom of pot

Hot soup flows
outward and cools
magma generation
by fractional melting

/ sinks
OFF -‘é"- HIGH

Flame heats soup
pot from below

Saunders College Publishing



Teorie litosferickych desek predpoklada, Ze konvekéni tepelné proudy v plastické
Casti zemského plasté vedou v mistech vzestupnych tepelnych proudii ke vzniku
divergentnich rozhrani a v mistech sestupnych tepelnych proudi ke vzniku
konvergentnich rozhrani litosferickych desek

- oceanic crust

continental
crust

Litosfericka deska
rigid mantle

Plasticky
plast’

<-- asthenosphere --=<-- lithosphere --=

QOuter layers of the Earth. Plates are made of
crust and rigid upper mantle.

Konvergentni rozhrani

-
rs
o~
g

£/ GRS
Tp + 40 Ma = Young passive margin . & _.f-"' YRR -
Tilted block margin Qceanic floor Flexural margin CLEANIE CRUST ;_,-""

Divergentni rozhrani

CONTINEN TALRIROST

LITHOSFHERE - s LITHOSPFHERE

ASTHEHOSFHERE \. ASTHENOSFHERE




Driving mechanism of plate tectonics

« Trench pull
Ridge push
- Thought to be cooling of the planet.

Friction at base of the lithosphere transfers motion from the
asthenosphere to the lithosphere.

Convection may have overturned asthenosphere 1-6times.




Mechanisms
{a} Plates [b}

Lithosphere

(c) Lithosphere (d) Subduction Spreading

Core—mantle
boundary

Inner core




Types of plate boundaries

- divergent: mid-ocean ridges

- convergent: collision zones
volcanic arcs

- strike-slip: San Andreas fault
Alpine fault, N.Z.




Examples of Plate Boundaries

0-C 0-0 C-C 0-0
convergent divergent divergent divergent
Ocean  Mid-Atlantic Rift valley Carlsberg Sea

| crust  Ridge Rift Ridge Rift Ie».[e~1

—y

| O

——

0-0 0-0 O-C
convergent divergent convergent
Japan volcanic arc East Pacific
Rise Rift ETdES

(b)
Fig. 20.8a,b



Convergent Plate Boundaries

*oceanic-oceanic convergent plate boundary

econtinental-oceanic convergent plate boundary




Sediments accumulate

in ocean trenches,
later to be folded

and/or metamorphosed




Konvergentni rozhrani predstavuji mista vrasnéni, vulkanické ¢innosti, vzniku pohori a
kolize kontinenti
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Formation of an accreted terrane

Ol island

Formation of an accreted terrane

Accreted
island arc

7 Continent



*Accretionary Tectonics

*Allochthonous Terrains

eallochthonous

cautochtonous

red - blocks from continents other than N. America
dark green - blocks displaced from parts of N. America




*Subduction Zone Complex
*melange

cophiolite suite

melange

|
~

Arameian ol

Idealized Ophiolite Suite

Deep-sea sediments:
shales, limestones,

 cherts, turbidites, Deep-sea sediments
fossils of pelagic

< marine organisms

Basaltic pillow lava .
cut by dikes Pillow basalt

\ Gabbro, evidence of
metamorphism Gabbro

Peridotites and
\ other ultramafic . i
rocks, often showing Peridotite

metamorphism Flg. 20.14




*Wilson Cycle

*Supercontinent Cycle (500 million years)

1) Initial Rifting

2)Rafting of Continents

3)Subduction of oceanic
4 crustat continental
4 margins

4) Continental collision




Opening Phase

Closing Phase
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. : . . o Trench & Remnant Divergent
Continent-Continent Collision Melange Ocean Margin

Belt Basin

Regional metamorphism —granulite,
amphibolite, greenschist,
*blueschist metamorphism, glaucophane

Suture Foreland
Fone Basin

*Suture zone- foreland basin, thrust faults
regional metamorphism




Temperature (0]
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Approaching Arc or Microcontinent

Collision

ench

. Tr

Fig. 20.21a Fig. 20.21b

Accreted Microplate Terrane

Fig. 20.21¢c



- “*w\\ Microplate terranes
S B  Added to Western
North America Over

the Past

200 Million Years

AMERICA

; < After Hutchinson, 1992-1%93 F|g 2022
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Rock assemblages and
plate tectonics

- Each plate tectonic environment
produces a distinctive group of
rocks.

- By studying the rock record of an
area, we can understand the tectonic
history of the region.




*Tectonic QFL Distribution

QFL Composition
Diagram Stable Q
Continental RECF(E'E(] Drngen )
Quartz Craton (Continental-Continental
or Continental-Yolcanic
Convergent Plate
Rift Basin Boundary)
{Divergent Plate
Boundary) Yolcanic Island Arc

{Convergent Plate
Boundary)

Feldspar 50 Rock (Lithic) F |_
Fragments )



The QFL Distribution Of Sedimentary Rocks
In Various Tectonic Regimes

RecycLeED DHDGEM\
Continent-continent collision, or
Continent-volcanic arc collision
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CoNTINENTAL BASEMENT

{including continental rift
systems
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http://csmres.jmu.edu/geollab/Fichter/Wilson/wilsnall.PDF
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Figst Two StacEs IN THE RirTine PrOCESS
STAGE B IN WiLsoN CycLE

® Wilson Home Page

® Stage B
® [gneous Home Page ® Volcanos may be fissure type or conduit type
® Bimodal association: felsic (alkaline) + mafic (tholeiitic)
- Volcano: mafic if from hot spot.
KM 3- Horst Graben r’fa Felsic if from melting of continental crust
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*Continental Rifting (figure 6.15, p 143)

Upwarping

*Rift Valley

4=



*Triple Junction

Development of 3 radial rifts

Red Sen Gulf of Aden

*Aulacogen




Early Divergent Margin Sediment Wedge

THigp STAacE IN THE RiFTing PRoCESS
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VoLcanic Arc System

V. (Rock Distributions)
PAIRED METAMORPHISM
Bm*rovinn(—-‘A“—) Blueschist
! %x& — i —
Lithics : lithic rich
sediments

lithic rich

carbonate reef. sediments
pi“nw \
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trench
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greenschist?
peridotite

amphibolite
granulite

Lithosphere
Cphiclite Suite)

intermediate
magma

Asthenosphere

Eclogite

II - Generation of intermediate/felsic
igneous rocks by fractional melting in a
subduction - zone stage E-G
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INTRODUCTION TO QFLQFL stands for Quartz, Feldspar, Lithics

Sedimentary rocks are classified on the basis of the texture (grain size) of the rock, and composition.

The only concerned texture, using the . But any full rock name must
specify both texture and composition. Thus, an arkoese sandstone is a rock of sand sized particles, with a high
percentage of those particles being feldspar.

It might seem that an unlimited variety of particles could end up in a sedimentary rock. After all, there are over
6000 known minerals. In addition, any incompletely weathered piece of igneous, sedimentary, or metamorphic rock
can also be found in a sedimentary rock.

A composition classification could become very complicated if all of these different particles were considered. But
in most cases rock composition can be defined by four compositional components:
>>> Quartz
>>> Feldspar
>>> Lithic fragments (including rock fragments and mineral grains other than quartz)
>>> Matrix (a catchall for the silt and clay grains that cannot be easily seen by eye).



http://csmres.jmu.edu/geollab/fichter/SedRx/classify.html
http://csmres.jmu.edu/geollab/fichter/SedRx/classify.html
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QFL Diagram: The QFL diagram is to the right. Observe the following:

>>>> (Quartz is at the top, feldspar on the lower left, and lithics on the lower right.
It is always done this way.

>>>> The ternary diagram is divided into 5 fields, here color coded. The boundaries
among the fields, left and right, are at the 50% boundary, and up and down at the
75% and 90% boundaries.

>>>> As you travel toward any apex the quantity of Q, F, or L increases
accordingly, with 100% being, of course, right at the apex.

>>>> Notice that as we travel vertically the amount of quartz in the rock increases,

and at the 90% boundary and above the rock has so much quartz the rock becomes a Feldspar 50

"quartz something", such as a quartz sandstone or quartz conglomerate.

>>>> The lower two fields contain rocks that are felspar (red) or lithic (blue) rich.
That is, these rocks have more than 25% feldspar or lithics, that is, 25-100% feldspar
or lithics.

Rocks with this composition have such names as feldspathic (arkosic) sandstone
(both terms are used interchangably) and lithic sandstone.

>>>> Remember that all feldspar and lithic fragments are going to weather
and disappear (to shale or dissolved minerals), leaving only quartz. On the QFL
diagram, however, we can only plot the abundance of sand (or larger) particles of
various compositions. So, on this diagram, as feldspar and lithics weather the
composition of the remaining sandstone migrates toward the quartz apex. No matter
where you start on the diagram the sediment is going to evolve in almost a straight
line right to the top.

QFL Composition
Diagram
Quartz

Rock (Lithic)
Fragments



One of the things we are very interested in is how close the sediment has gotten along its path of evolution. This is
the concept of sediment maturity. Thus, above the arkosic and lithic fields, but below the quartz field are two

more fields, subarkosic and sublithic. Rocks in these fields have between 10-25 % feldspar or lithics and are thus
farther along in their evolution toward pure quartz than feldspathic or lithic rocks.

>>>>In other classsification systems, the boundaries among the fields sometimes differ from this one, and there
may be more fields than 5 laid out. It all depends on what the geologist wants to do with them. But for this site we
will always have these five fields, in these five places.

>>>> (bserve that a composition plotted somewhere in the middle of the QFL indicates a mixed composition.
For example, the composition of "A" to the right is about 50% quartz, 35% feldspar, and 25% lithics (ternary with
percent numbers). We could just call it an arkose since it falls in the feldspar field, but it would be more accurate to
indicate that a lot of lithics are present too. Such a name, following the , 1s lithic, feldspathic,
quartz.

Quartz

Feldspar 50 Rock fLithic)
Fragments


http://csmres.jmu.edu/geollab/fichter/SedRx/readternary.html

A Tectonic Rock Cycle. The diagram below takes the outline tectonic rock cycle and explores it into its details and
rationalle. The Roman numerals in yellow circles are clickable and will take you to more detailed descriptions of the
processes operating at that stage. Clicking the igneous rock names will take you to samples. Clicking the tectonic
regime names (in blue script) will take you to a stage in the where the processes are taking place.
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*Igneous Activity
candesite

eisland arc
*volcanic arc

*batholithic core

*Metamorphism
regional metamorphism
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- amphibolite

- greenschist

*blueschist metamorphism
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