Endogenic processes

Volcanic and tectonic landscapes

the movement of Earth’s lithosphere
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The geosphere is the part of the Earth
I H E G E O S P H E R E composed of its interior and exterior surfaces,
mostly made up of rocks and minerals.

It is where land and oceans
CRUST  are found, composed of plates
that float above the mantle.

It is the largest layer and
made of extremely hot,

MANTLE

dense rock with thick —p
asphalt texture.
It is made of extremely hot :
OUTER . . LAk
iron and nickel that remains
CORE : AT
in a liquid state.
It has similar materials as
INNER z
the outer core but remains Landforms such as
CORE . :
a solid ball due to pressure. mountains and
: canyons are part
of the geosphere.
“The Eorth's Loyers Lesson #1° Voicano Workd 10 Doc. 2018, tpe//volcana oregonstate adu/oorths ~layors-lesson-1

What is the Lithosphere?




The Earth surface

LITHOSPHERE

The lithosphere is the solid,
outer part of Earth. It includes
the brittle upper portion of the
mantle and the crust, the
outermost layers of Earth’s
structure

Lithosphere
(Crust and upper
most solid mantle)

@ 6378 km

What Is The Lithosphere? - WorldAtlas



https://www.worldatlas.com/geography/what-is-the-lithosphere.html

The Earth surface

Climate
(exogenic processes)

Volcanic 1 Weath ering .

SR Lo The Rock Cycle

activity

& 3. Transport...

Endogenic « Endogenic pro
Processes topography



Endogenic Processes

Endogenic processes...
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Slow movements Sudden movements
(Diastrophism) |
| | Volcanism Earthquakes
Vertical 4 Horizontal 1 2
(Epeirogenic/ (Orogenic/

Continental building) Mountain building)
1 | | |
| | [ | |
Upward Downward Forces of Forces of

Compression Tension
(E.g. Fold mountains)  (E.g. Fault mountains)

Fast vs slow — short
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Plate Tectonics _ conimgnaons

Continental Crust: thick (10-70 km) - buoyant
- mostly old

Oceanic Crust: thin (~7 km) - dense - young

12 major plates (continental and/or oceanic
crust) slide around on Earth (cms/yr)

100° 1200 140°




Tectonics — Quakes and Fire

° Three types Of plate TRANSFORM 1 DIVERGENT 2 CONVERGENT 3

boundary
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Tectonics — Quakes and Fire
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Drag and Push

convection

1t-continent
Intraplate

hotspots

3. Convergent plate
boundary

2. Divergent pl




Tectonics, Volcanism and Lava

- - e ‘
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Relationship: 15" &F & S

Tectonic setting —
magma evolution
and type —
volcanism type

Sur ace effects //“j‘

S

Subsurface;
@ . effects /’

Dacitic

Composition Rhyolitic Andesitic

Viscosity (water = 0.01 poise) 500 poise

Gas content 0.5%

“Explosiveness” Less explosive
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Volcano Deposits B cob

1 Airborne — Fallout (Ash) G Landslide

Lava Dome Pyroclastic

2 Airborne -

Lava Dome Collapse

Pyroclastic
Flow \K}

4 Lava Flows Bl
Lahar (Mud or Debris Flow)

- Scoria (highly ve5|cular
dark co|ored volcaruc



Volcanic Deposits & Landscape (1)

.f:f" V § ; _. P : 'i‘ 9 < o § Stage 1: Young lava flow InteraCtion

with drainage




Volcanic Deposits & Landscape (2)

Difference in flow behaviour leads to different
surface morphologies and flow types

*Aalava flows
slowly and forms a
brittle crust

-

~E 3.

= Blocky flow 2
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VISCOSity
VS
discharge
rate and
slope
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Volcano Types (1) oo

» Cinder (Scoria) Cones

Cinder cone

Ash cone




Volcano Types (special case...)

« Tuyas - Lava erupting under glacier cools very quickly
and cannot travel far, piles up into a steep-sided hill

.

ek /

- Heraubreid in Iceland




Volcano Types (2)

 Stratovolcanoes

* Height: 100s to 1000s of m, ~ km’s

» Material: 70-80 % ejecta; but an
equally large percentage of lava flows
might be present (lava flows are most
commonly blocky a‘a) — composite
and polygenetic

Youngest dome (which does not necessarily form
the summit of the dome volcano, as shown here)

Buried older dome

Interbedded debris avalanche,
pyroclastic surge, pumice fall,
and block-and-ash avalanche
deposits

Landslide scar

Lava flow ogives.

in coulee ™
Lahars and volcanic

sedimentary deposit




Volcano Types (2)

Cappadocia (Turkey)

Miocene to Quaternary volcaniclastic
deposits

Relatively soft (tuff and ignimbrite, i.e.
from ashfall and pyroclastic flows)




. 1-10years of eruptive activity

Volcano Types (3) e
° Sh|e|d VOlcanOES tlme 77 . Up to a million years of eruptive activity

o p O |yg e n et' C Stratovolcano

R Genﬂe S|opes Of 2_120 l I 0.1-1 millon years of eruptive activity

Caldera
0.1-1 millon years of eruptive activity
Shallow crustal conduit A
Shield volcano

Subaerial sheild volcano

Slump and slide terrain Magma chamber

Mixed
hyaloclastite
and pillow

Seamount lards

lava pile

Ejecta and breccia from

Oceanic crust 5 Zone of hydroexplosive eruptions

altered intrusive
Deep crustal magma conduit ) rock marking

M.p;
'SCopy:
/71‘/,7 Ui
Ity

Development of a Hawaiian
shield volcano from the

ocean floor to above sea
level



Volcanism — Large Igneous Provinces

* Flood Basalts - high volume eruptions
- thatflood vast areas of
- >1x10° km?) covering broad
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Volcanism & Tectonic Setting

flood pasalts)

+ Setting determines ... (i) silica and water cc
its behavior ... (iii) and the geomorpholc



Rift Valleys

Extensmn of contmental crust leads to
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Basalt eruptions

Rift valley

Rift Valleys

* Rift valley forms and Evaporites
fills with thick wedges of . . .
gravel and coarse sand coarse sand
along faulted margins -
lake deposits &
associated evaporates
in the bottom of the rift

Lake bed

« Extensional uplift - crust
stretches and thins and the i
ascent of hot buoyant oumgper ot
mantle at the base of
continental lithosphere
induces broad uplift and
stretching of crust (grabens
form due to extension in rift
zones, volcanism begins as
magma rises through thin
crust)

* Rift shoulder and great
escarpments....



Passive Margins

lllawarra escarpment in Wollongong, NSW

~100 Mio yrs







Earthquakes and Tectonics

Tectonic effects on
geomorphology can range
from scales of millions of
years to minutes or less

Neotectonics - study of young
tectonic events which have occurred
or are still occurring ...

. €.g. landslides and
g Y landslide dams
The tectonic events are recent TR

enough to permit a detailed analysis
by differentiated and specific

iyt w.’ I
145" ~
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methods, while their results are
directly compatible with
seismological observations
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Landscapes and Tectonics

* 400-km-long surface rupture %f*gff“Central Kunlun earthquake, 2001
zone, up to 16.3 m of strike-slip : !

Strike-slip fault
Normal fault

pui—
* Ruptures and

fault geometry

Reverse fault



Landscapes and Tectonics

* How can we Morphochronology
learn about Geodesy Surface-exposure

earthquake 1 dating
frequency and
magnitude ?

Time in years




Landscapes and Tectonics

« Sparta Fault in southern
Greece historical 464 BC

(a)

earthquake that destroyed .2

ancient Sparta
* CcOSMmogenic exposure
dating...

 five historical earthquakes
on the fault scarp

* recurrence period 2800 +
300 yrs

« strong event must be
expected

Height [m]

/

Fault scarp

(b)

Depth

L *Cl concentration cormesponding
| to rupture age Q,

I i Displacement by
rupture Q,

|||||||||

E——
Increasing *€Cl concentration
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Slip rate, r (m/kyr)
Diffusion constant, k (m?/kyr

original
surface

istance

F s esde

Degraded Scarp
Multiple Rupture

Composite Scarp

Recent
scarp
Degraded
scarp

US Upper Surface

LS Lower Surface

= Perpendicular profile
O Break in slope

- ‘.& Py

Time, t (kyr)

Erosion
Deposition

Multiple Rupture
Multiple Scarp



Landscapes and Tectonics

 Type of tectonic \ | x San Andreas fault - California

process — = = \Q NS
geomorphic 3 S
marker ! P -
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Huon Peninsula, Papua-Neuguinea



~+=Direct and indirect
indicators -
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andscapes and Tectonics

 Arid Atacama block clusters ?
« 5.2 M quake in 2010 (2-3 /yr) — dancing boulders...

=~40,000-70,000 h §
abrasion




Tectonics and Mountain Building...

-M“ e : P -

= T EMIB e;omorpholbgy”"?’? s

A nevf obal scale geomorphology ?
http //"é’omfo amu redu. pI/wpk/geos/GEO COMPLETE TOC htm!

Duration Time of Landform —e— . et Eﬂ:ect ml”lonS

|
NS & Years

B
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10° Example of relief

1 Channel Cut ="
ggzl:‘l’igrla:iInSNde ace M— ‘Pi Megarelief earth q U akeS
qumarine i L @ M

Effect of
individual
earthquake

Terracette
Channel
Fill

Approx. size of Igndform (km)

0 110'10%2 10* 10 108 10' 10'2 10 10'® 107

Time to completion of landform (seconds) []

~But... processes, timescales and driving
: forces of mountain building... ?7?

rer






Early concepts — Geographical cycle

Low-relief, rolling hills
Australia ?? “Old age” Discrete pulse

of uplift ??
“‘Rejuvenation”

Medium-relief, Incised valleys,
moderate slopes low-relief uplands
“Youth”

“Late maturity”

Geographical
cycle

Andes or Himalaya ?? N _ _
William Morris Davis

(1850-1934)

High-relief, steep slopes
“Maturity”



Uplift - Vertical motions of the Earth’s crust

Collisional Uplift...

. N

& . \ Yy o : 3
Apliftthrough " S
({ Salt mes N an

Subducting
lithosphere

« Uplift with complex deformation
Extensional uplift (thinning (folding and faulting, intrusion of
- mantle upwelling) magma) and crustal thickening

During deglaciati <«——Denudation—

Extended
normal fault

proglacial
lake

Mantle lithosphere

Pk 1‘ b At

Epeirogeny
Isostatic uplift (thinning / broad reaqic
(un)loading and buoyancy) mild de



Mountain Building and Landscape Evolution

From source to sink... _
Climate

Tectonics

» How do these variables co



Steady-state Topography

@)
>0
Q
-
Q
[0
Rock uplift alone ' Erosion equal o
to rock uplift <‘<D
1
New mean g
“elevation W | o
Few of Earth's mountains are now :
believed to be in perfect equilibrium l "~
surface erosion
_Mean R Constant mean
elevation elevation
Marker bed Marker bed
showing amount showing amount
of rock uplift of rock uplift

* Rock uplift without surface erosion
= net surface uplift, raising the
mean elevation of the landscape
and raising marker beds relative to
sea level but not changing their
depth below ground.
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. Uplift leads to decreasing temperatures — less vegetation — increased
‘ physical weathering (e.g. periglacial processes)

SN RV TN Yl T SIS T e T 2 T il <

~ » Increase in relief and slope lead to increased erosion (graV|ty and mass
| Wastlng and stream power)
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Strnger uplift =

stronger erosion = B Eig
stronger reduction in ~ [* ,,
elevation... i.e. higher Al ;‘ //
|/ mountains erode more & | / ‘ ,‘ A \'i
/? qwckly ?7? ' O
5 9;_:(\ - ) E2by

B Negatlve feedback
. (basis for W. M. Davis
1 cycle but is uplift pulse

reallstlc’?

S I TE LAY

Uplift rate
million years)

| =

Uplife greater Upliftin balance  ; Uplift almost stopped; No uplift; slow
than erosion; with erosion; erosion slowed; erosion; lowlands
mountains rise mountains remain  low hills and plains

at high elevations

(meters per

= e A I.\ ‘ (D)
Plates convergengé G EI'OSI bM'in[(\e_d to elevation...
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. Jopography affects local to
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Global atmospheric circulation !!!
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Orographic effect and uplift over time

\ Hv 4'.:

Atacama desert — driest place on Earth !!!

 Avridity as the result from uplift | o

and orographic shadow? \

+ Aridity due to changes in global climate /

(e.g. Thermohaline circulation)?
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D Paleobotany

(Potosi & Jakokkota)

D Oxy?en isotopes
(Callapa)

D A47 paleothermometry
(Callapa)

Modern

Altitude (m)

180160 rapidly lower (ighter)

storm direction & orographic precipitaton rain shadow
mo isture advecton

1800180 ghow
strong decrease
wth altitlude

f

N
rising topography
| \
Orographic fractionation d}e}reuds\,a,g‘9 ,-so,opic/

on elevation and temperature !! difference

100 km
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Zone of high
rock uplift

o,

ik L;—, Aighest?

. 0 spatigii€errespondenceé o
I A reliersanc

s X "k r_a 5) X | Yo

94°0'0°E

9
E-/
Zircon (U-Th)/He

Age (Ma)
¢h 0.0-1.0
& 1.0-30
¥ >30

How old? —

Positive feedback between
upllft and erosion... !

1080 Caxchment Erosion
Rate (mmvyr)

Mean Catchment Rebef (m)



Erosion and uplift...?

Erosion of deep valleys can focus
exhumation (i.e. the process by
which rock that was formerly buried
approaches Earth's surface), resulting
in preferential rock uplift (through
isostatic rebound) along major rivers

Removal of mass is localized (in the
valleys), but isostatic response lifts
the entire mountain block, including
both valleys and peaks.

Focused erosion along the course of
major, range-crossing rivers unroofs
rocks at speeds greater than in areas
away from the river courses (creating
anticlines)

« Tectonic aneurysms (i.e. abn

more mass for erosion and

Time 1 — before uplift —

Time 2 —
isostatic
rebound



Compressmn & upllft — mtenswe erosmn — |sostat|c uplift — erosion — crustal thinning
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Mountains make climate makes mountains...?

) Global Surface Temperature (T,)
9 ) Paleocene | Eocene I Oligocene Miocene jPlioj P
3 N [ l l L] l I ] l L] L)
-§ '_w _ PETM | : Antarctic Ice Sheet
S 25§
e N. Hemisphere Ice Sheets
li’ B CO2 1500 + 500 ppm
§ 20 : ................................................................................................................................................................................................................... G -
= i
> L
CL) 1 5 - rrent global mean T: 14.5 C ' | 18
8 [ India-Asia collision Isthmus of Panam: vr
L2 K :> Circumpolar current :>
O - e :
10 | 1 1 | I
60 50 40 30 20 10 0
S Time (Ma)

* Major episode of mountain building over last ~40 Mio yrs (e.g. Himalaya,
and Rockies, Alps, NZ etc.)

(. —  Global climate drives
erosion with feedback
on mountain building
and uplift?

Tectonics drive global
climate (via erosion &
CO, draw-down)?

* Molnar, P. and England, P., 1990. Late Cenozoic uplift of mountain ranges and global climate
change: chicken or egg?. Nature, 346(6279), pp.29-34.



interact




« Effect of climate on erosion (link 1) and landscape (link 5), and effect of erosion on
tectonics by modifying pattern of deformation (link 2)

* Erosion also affects the thermal structure of the crust and the mean crustal
thickness, which in isostatic equilibrium dictates the maximum elevation of mountain
ranges (link 3)

* The topography, in turn, affects the climate (link 4) by modifying the atmospheric
circulation, and global climate.

* The idea that glacial and periglacial condition are able to modify the distribution of |
the surface elevation and limit the topography of a mountain range (link 5) is named

the “glacial buzzsaw” 3
« * Other links are the direct tectonic effect on the climate (e.g., volcanism, link 6) and ~ #
5 on the erosion itself (link 7) by fracturing of rock, and earthquake-triggered “
; landslides. N

E » The direct effects of erosion/sedimentation on climate through chemical weathering ’
) and carbon burial are depicted by link 8

* The most direct effect of the landscape on erosion is the slope/ erosion relationship
(link 9).

 Finally, climate affects tectonics by loading or unloading the lithosphere (link 10)




Aim: The purpose of this lab is to introduce you to the wonderful world of minerals.
The onjectives of this lab are to describe and test the unique physical properties of

several mineral samples and then use those descriptions to identify each mineral by
name.
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