Tvary reliéfu na zakladé ruznych typu pohybu

Zmeny v reliéfu vyzaduji zmeény v reliéfotvorném procesu (napr. nahlé

zvySeni sklonu - ? Tektonicky nebo sedimentologicky proces??)

Tektonicka geomorfologie - hledani morfologickych anomalii —

deformace vyklenuti povrchu, uklon povrchu, poruseni trhlinami,

Nékteré charakteristiky indikuji pritomnost zlomu, ale malo fikaji o
jeho aktivité ¢i typu pohybu

Linearni usporadani vegetace, pramenu, zlomovych svahu, ostatni
lineamenty



Zlomy
3 typy zlomu — v riznych napétovych rezimech: poklesové zlomy (normal fault),
pfesmykove zlomy (reverse fault), zliomy s horizontalnim posunem (strike-slips);
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thrust fault (nasun) reverse fault (presmyk)




Strike-slips

South Tien Shan Fault
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NarusSeni toku podzemnich vod - vSechny typy zlomu

* Prameny — tektonicky jil (fault gouge) muze byt efektivni bariérou
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Thousand Palms Oasis,
Indio Hills, California

San Andreas Fault -




Zlomovy svah (fault scarp) — vSechny typy zlomu, vSechna

meritka

-
- y -

nto Fault Zone

Northward across Coyote Creek Fault, San Jaci




Scarp on Strike-Slip (oblique slip)

Mlady scarp

Carboneras fault, Spain

Coyote Mts, Elsinore
fault, CA



Scarp na poklesovém zlomu




Scarp na presmyku

ChIChI earthquake 1999 Talwan







Aktivni nebo neaktivni?

« Selektivni zvétravani podél neaktivnich ziomud muze
produkovat tvary pripominajici tvary na aktivnich zlomech

— Linearni usporadani vegetace,
— Linearni udoli
— Scarps / stupné ve svahu
“Fault-Line Scarps”
(svah na zlomové cCare)

Nekdy tyto tvary jsou vazaneé na
selektivni erozi na zlomu a nikoliv na
aktivni pohyby




Nektere tvary reliéfu jasne indikuji mladou aktivitu
(svrchni pleistocen - holocén)

*Tvary reliéfu vazané na pohyb na zlomu stale vidét v morfologii,
- pravdeépodobné aktivni zlom (pokud nevznikl selektivni erozi)

- scarps Vv aluviu, deflected drainages, sags,
shutter ridges, side-hill bench

Obecné pravidlo — aktivni zlomy produkuji aluvium, které tak
zlomy pohrbiva, lokalne doklady aktivity maskovany

Christchurch EQ 21.2. 2011, M = 6.3, NZ
-neznamy zlom, vyzdvih Jiznich Alp

— 10mm/r = vysoka rychlost
sedimentace, zamaskovani prubéhu zlomu







Aktivni strike-slipovy zlom - tvary

OMset drainage channel Scarp
- Beheaded _
Stream Offset drainage channel
. Sprmg San P - -
Linear valley Sag Pond Shutter ridae
Bench Shutter ridg

Dider fault

trace Linear valley or trough

A linear trough along fault, sag ponds, shutter ridges, offset ridges and drainages, spriapy, sznoc. und beheaded
streams are typical geomorphic features indicative of strike-slip faulting. The older, abandoned fault trace displays
analogous, but more erosionally degraded features. Modified after Wesson et al. (740




Uginky na udolich

Offsets Deflections

« Puvodné linearni, nyni « Zakriveni udoli muze, ale
zakriveny tok jako vysledek nemusi byt v souladu se
posunu smyslem pohybu
(displacement/offset) « Vysledek nadepovani

 Zakfiveni toku musi byt (naplavovy kuzel) —

souhlasné se

smyslem pohybul! Si cestou)

VsSechny offsety jsou deflekci, ale ne vSechny deflekce jsou zaroven offsety!



Offset channels
Pitman Canyon ~ 46 m offsets
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Wallace creek



Wallace creek




Offset/Deflected channels

Carizzo plain



\\ . Hayward

Fault
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Coyote Creek Fault” : _
Imperial Fault™

ulf o
California










beheaded channels




offset and beheaded channel
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Elsinore fault, Coyote MtS










offset channels and bars




offset channel bars




offset alluvial fan




Different lithology — tells us about the amount of offset
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Laguna Salada fault







Kunlun fault, Tibet, 2001 M =7.8




San Jacinto Fault, Southern California

Long-term slip






Shutter Ridge

* Hrbet, ktery se pohyboval horizontalne podel zlomu a
zablokoval odtok, udoli
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Clark strand of the San Jacinto



Hector Mine Rupture, 1999
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San Jacinto Fault, Southern California
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Linearni udoli

Linearni udoli — a) pohyby na zlomy, b) jen eroze na zlomu



Transtenze/Transprese

* Oboji ve vSech meéritkach — lokalni az regionalni

« Rizeno zakfivenim na SS zlomu (lokalni), nebo celkové
konvergence/divergence podél SS zlomu (regionalni)

Transtenze Transprese

+ Soudasné strike-slip a * Soucasne strike-slip a
extenze komprese



Transtenze

« Komponenta divergence podel SS fault (strike-slip)
* Right step na Dextral (pravostranny) SS fault
* Left step na Sinistral (levostranny) SS fault

compression

\\\

apart panve



Sag Ponds

Topographic depression
produced by extensional bends
or stepovers along a strike-slip
fault. It may or may not contain
water year-round. Synonymous
with pull-apart basin.



http://www.scec.org/wallacecreek/misc/defs.html

Transprese

« Komponenta konvergence podel SS fault
« Left step in Dextral SS fault
* Right step in Sinistral SS Fault

Left step causes a space problem, and a “pressure ridge” is
formed



Pressure ridge /kompresni hrbitek

A topographic ridge produced by compressional bends or
stepovers along a strike-slip fault

maII pressure rldge along SAF in Chola VaIIey


http://www.scec.org/wallacecreek/misc/defs.html

o ),

Dragon’s Back Pressure Ridge System
podél San Andreas



Pressure ridge

Thousands Palms — Indio Hills,
San Andreas fault
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Denali fault, 1964, M=8.,5



Mole track"” structure

Material je vytlacen podél zlomu
tlakem

Mole track Mole
track

. Extensional

cracks J

Kunlun fault, Tibet, 2001 M =7.8




SAF, San Francisco 1906, M =7.9
Denali fault, Alaska



Side-Hill Benches/Valleys

Paralelni zlomy, Kresna Gorge, Bulharsko



Slope inflection along San
Andreas Fault

Flat step on the slope



Geomorphology of Extensional
Faulting: normal fault




Displacement accommodated in normal faults
= Single, Parallel synthetic, Antithetic

Primary normal fault (60-70° )
= Crustal penetrating fault
= Often has km of displacement
= Separates linear mountain range from adjacent basin
Up-faulted block (horst/hrasté)
Down-faulted block (graben/prikopy)

Conjugate Horst
fault orientations
Half-grabens

Antithetic
faults

Synthetic
faults Main fault
Detachment

Listric
fault

fault Detachment

fault




Divergent Plate Boundaries:

Continental Rifting I 5 AT '
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East African Rift Valley

active divergence, rift — numerous of normal faults

e Fauilt limes AFRICAN ARABIAN
i PIATE .. PLATE

Erta'al
Ardouko

‘ ‘ EASTERN
- RIFT
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| 2| Doinya Lengai
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WESTERMN ’ T Kilimanjaro
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VALLEY vt e Indian

Ocean

East African

rift in 20 mil years



Hayli Gubbi, shield volcano, crater
inside caldera, Afar region, Ethiopia

Normal faults disecting the volcanos, Afar



Massive fissure splits open in the
Ethiopian Desert




Escarpments



Textbook horst and [ikaaatl SRICIUMCID L
graben formation

—

1. Layered rock units

.

2. Layers are cut by normal faults

+~— Extension ——
horst horst

l i graben ! i graben

3. Down-dropped blocks are grabens,
and upthrown blocks are horsts, note
that the extension that occured. - . . o

Destance from West to East (m)

Elevation above mean sea level {m)
&8
S




Iceland — Rift Valley

NORTH AMERICAN =/ (€ EURASIAN
PLATE

4| Krafla

ICELAND

e

&
Iceland - shaded area shows the Icelandic ;hinkgve_tir/_/hﬁ
Basalt Plateau, red points the migration of the T
hot spot and orange lines are the rifts, both

active and inactive.
ATLANTIC OCEAN

Irmage Source:
http:fcommons wikimedia orghwikidFile: lceland Mid-Atlantic_Ridge FiglB. gif




lceland

B v

Geologic
Iceland -

volcanic systems and
volcanic zones .

Sop yva Nows

al map of

Each volcano

lifetime 0.5-1.5 Ma
30 active volcanic systems

Rift valley, Thingvellir national park, Iceland



Ocean ridge — basaltic oceanic crust
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faults. These strike-slip
faultscut across the oceani¢.ridge
OUTH AMERICA | |+

Mid-Atlantic oceanic ridge



Basin and Range topography

broad extensional faulting

Basin and Range Province
n,%;‘
extension and thinning of g 288
the lithosphere, listric faults, | #8
grabens, horsts .

elevated heat flow,
geothermal energy

Simplified and schematic geologic cross-section of the Basin and Range

~—————————— Basin and Range
Sierra great §Wa?&atch
Nevadas asin | Uinta

i Death Quaternary Sediments eatRallars Mins

i B

The Basin and Range

Province
Boundaries and Landmarks
Scale = 1: 200,000

From Sierra Nevada to
Wasatch Mts — 800 km

Normal Faulls Precambrian to Mesozoic Rocks



,Local scale, normal faults

IDAHO

Normal faults - tends to be short 10-50 km g
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The Wasatch fault - eastern boundary of
Basin and Range geologic province frontal
fault - up to 400 km long, e
Salt Lake ™

City !
- separate faults or segments 30 — 60 km |
long, iIndependently produce earthquakes as

powerful as local magnitude 7.5




Linear mountain fronts

Linear mountaint front
- repeated earthquakes

Wasatch Mountains -
uplifted and tilted to the east

The average rate of uplift
- approx. 1 mm per year.



Scarp on the southern part of the Nephi strand of the Wasatch fault:



Wasatch fault
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Multiple fault scarps (marked by arrows) cut across 16,000 to 18,000-year-old
glacial moraines in Salt Lake County. Some of the scarps are 30 to 40m high,
indicating they were formed by repeated large earthquakes (possibly as many
as seven to ten events) in the past 18,000 years



Triangular (trapezoidal) facets
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Bloom (1978)

Triangular facets aligned on the fault scarp of Maple Mountain,
15 km south of Provo, Utah. View cast. (Photo: H. J. Bissell.)




Subsided blocks

San Gorgonio Pass

Narrow block subsided
between two ridges
.+ uplifted by strands of
~ " SanAndreas Fault

sags and ridges —
by uneven blocks uplift




Crustal shortening + thickening

Crustal shortening is the reduction of the size of the Earth's crust through
convergent plate boundary (compression)

Before
slip

|

Extensional ’:(_/_ e e o e NG
faulting

> \

N

———

Contractional
faulting

'I

16% shortening
(c)

Reverse Faulting, Folding and Uplifting




Crustal Shortening

* Implications :
- Reverse/Thrust Fault

Axis of
syncline

Axis of
anticline

= FOId g \" o r reverse fault (dip-slip fault)
“ £ ol

vitly

- Uplift



Reverse — Thrust/overthrust Fault

Reverse Fault & Overthrust Fault
Vertical displacement

Force

Result form compression | Movement sy

Overthrust

Reverse Fault : > 450
MensSi slip — vétsi reliéf, ale menSi oblast postizena



Thrust faults associated with subduction produce a variety of landforms —

- uplifted coastal terraces, anticlinal hills (upwarped) and synclinal lowlands
(downwarped)

Thrust faults — often associated with fold - in fold-and-thrust belts

- some of the thrusts and reverse faults may break the surface or they
remain hidden in the core of anticline — blind reverse fault

Amount of
shortening

Undeformed Fault propagation Décoll ;
sedimentary folds with buried ScOolamS

(detachment fault) Asymmetric fault-propagation
fold developed over a
décollement

layers reverse faults

Reverse faults- closely related to folds

Rate of lateral propagation of faults and fold may be several times higher than
vertical slip rate of the fault



Landforms associated with reverse faulting

steep mountain fronts, fault scarps, fold scarps, extensional features, and landslides

Perched terraces (t; and tp)
produced by faulting (uplift) events

Topographically irregular scarp

S
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Folded alluvial fan

Fold on upper plate of fault Incepient fold



1980 EL Asnam M=7.3, Algeria — fold-and-thrust belt

3-6 m slip on reverse fault at the
depth,
surface rupture - 2m
mostly anticlinal uplift of 5m
— seismic folding

iy a),b),c ) hanging-wall folding
€1 Abadia d) extensional features

Site of natural dam

formed by earthquake scarp prOduced by Component Of

ki left-lateral shear
e c) tension fractures
pemes a) elongated en echelon
depressions
b) footwall folding and

flexural-slip faulting
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Graph of surface uplift produced by 1980 El Asnam EQ.
The fold was produced by repeated earthquakes

Blocked river — formation of a lake with deposition of 0.4 m



Figure 10-53. Fault-scarp features along the Spitak fault, Armenia. (a) simple thrust scarp; (b) hanging-
wall collapse scarp; (c) simple pressure ridge; (d) dextral pressure ridge; (e) back-thrust pressure ridge; (f) low-

angle pressure ridge: (g) en échelon pressure ridges. 1, bedrock; 2, soft Quaternary sediment; 3, turf. After Philip
et al. (1992).




Fault-propagation fold

Tensional fissure

Normal fault

" Reverse fault
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Axis of
syncline

Axis of
anticline

(b)

Figure 12-5 (a) Horizontally layered sedimentary rocks.
(b) A fold in the same rocks. The forces that folded the rocks
are shown by the arrows. Notice that points A and A” are
closer after folding.

1. Folding usually results from compressive stress. For
example, tightly folded rocks in the Himalayas indi-

cate that the region was subjected to compressive Hor:zontal
plane

stress.

2. Folding always shortens the horizontal distances in




x4 Ridge produced
Anticlinal mountain Synclinal valley by resistant rock layer

Anticline /
i Syncline -

i

Symmetrical fold Asymmetrical fold Overturned fold

\

Syncline / Anticline Asymmetrical Overturned Recumbent

/ anticline / anticline folds
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FIGURE 10.7 Anasymmetric, plunging fold [the Sheep Mountain Antidine In Wyoming, USA).  Thompson and Turk, 1998




