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What are Tablelands?

- landscape appearance is the answer
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What are Tablelands?

- but geology controls the landscape

Layered sedimentary successions




Layered sedimentary successions may involve diffe




Unifying theme = rock series of different properties in vertical alternation

Talus flatirons
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Diversity of clastic successions Multitude of sedimentary environments
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Regional landscapes

- plains and plateaus in flat-lying successions = structural levels separated by scarps

ST Colorado Plateau, USA



Regional landscapes

- plains and plateaus in flat-lying successions = but the extent of dissection varies
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Regional landscapes

- homoclinal ridges and escarpments in tilted successions




Regional landscapes

- locally more complex structures (more deformation)




Geological controls on more local scale

—
(%p)
Q
| -
>

)
(@)
O
| -

G

S
(%)

i)
=
@)

o=
1

- “Teplické skalni mésto

v
nka
A

Monument Valley, USA

—Iibor-teblice—003.jpg

* | http://itras.cz/fotoga[erie/teplicke-skalY/yelke/je



Specific medium-size landforms — residual hills
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Specific medium-size landforms — residual hills: mesa
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Specific medium-size landforms — residual hills: mesa

"~ Pfaffenstein (Elbsandsteingebirge), Germany



Specific medium-size landforms — residual hills: butte and pinnacle
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Specific medium-size landforms — residual hills

- do they represent an evolutionary sequence?
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Specific medium-size landforms — residual hills

volutionary sequence?

- do they represent an e

e
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Summit part of rock city,
with tunnels and covered passages,
caprock compartments in situ.

Marginal and lower parts of rock city,
no tunnels and covered passages,
caprock compartments in situ.

Cﬁ Ruiniform relief
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and blocky chaos
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Specific medium-size landforms — residual hills

— do they represent an evolutionary sequence?
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Specific medium-size landforms — residual hills

- do they represent an evolutionary sequence?

sandstone boulders:
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Specific medium-size landforms — residual hills

- do they represent an evolutionary sequence?
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Specific medium-size landforms — residual hills

— do they represent an evolutionary sequence? - (at least) two pathways
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Specific medium-size landforms — rock cities and ruiniform relief




Specific medium-size landforms — rock cities and ruiniform relief
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Specific medium-size landforms — rock cities and ruiniform relief

Rock cities — category of rock-cut erosional relief, Ruiniform relief — is made of rock-cut
with closely spaced rock blocks separated by an residuals, typically heavily weathered,
interconnected network of joint-aligned dispersed over a terrain and hence,
thoroughfares (avenues, streets, lanes) = visual lacking evident resemblance to urban
resemblance to urban landscape (townscape) landscape
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Long-term geomorphic evolution

- tableland dissection and escarpment retreat as two major pathways

D
— — — - \— ~— Horizontal projection of the top of the scarp
s

N Segment of the slope profile extrapolated from
BeS & the flatiron profile adjusted to a Log-function
~

Photograph courtesy of F. Gutiérrez

- but by what means specifically?



Sandstone-capped escarpments — how they retreat?

- rock fall scenario

Incipient -, Koons (1955)

fractures

Presumed
sub-talus slope




Sandstone-capped escarpments — how they retreat?

- rock fall scenario

Incipient
fractures

Presumed
sub-talus slope




Sandstone-capped escarpments — how they retreat?

- groundwater sapping and rock fall scenario

Laity & Malin (1985), Howard & Kochel (1988): Seepage-induced sapping and the resultant cliff face collapse
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Stotowe Mountains (SW Poland)
Are these boulders rock fall-derived?




/Rockfall release point

Stotowe Mountains (SW Poland)
— which scenario applies?

~

HRock wall ™~ _
/Apex
\ Nl The most

How far can boulders . T Scattered  distant

N . larger  rockfall-derived
detached from top parts -l
of cliff faces travel?
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Conefall 1.0 simulations

1 165 460
2 115 191
3 172 416
4 73 366
5 93 526
6 270 742
7 341 510
8 323 500




Stotowe Mountains (SW Poland) — which scenario applies?

- what the weathering history of boulders on slopes tells us?

Assumption 1: intact rock strength of near-surface part of
the rock decreases due to weathering; hence longer
weathering history means lower measured strength

Assumption 2: downslope variation in rock strength may
be of significance

Hypotheses
Catastrophic (= instantaneous release) Non-catastrophic (= gradual release)
Rock strength similar within the talus Diverse values of rock strength
or and/or

Non-systematic downslope variation Systematic downslope variation



Stotowe Mountains (SW Poland) — which scenario applies?

- what the weathering history of boulders on slopes tells us?

Profile 1 - Szczeliniec Wielki

Profile 2 - Szczeliniec Maty
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Sandstone-capped escarpments —in situ dlsmtegratlon model
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m Koons (1955): Talus weathering and erosion, subsequent collapse of the entire cliff face segment

Cliff collapse

Talus weathering
—
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The role of subterranean processes = substantial sand removal from caprock




The role of subterranean processes - substantial sand removal from caprock

Explanations:

: Upper Jointed
Sandstone

Marls and
mudstones

:’ Washed out
grains of sand
H Cone height

Cone slant
S height

L Base of the
P

a) estimating the volume of sand stored in cones

cone
Cone inclination

b) estimating the volume of sand on slopes

c) monitoring contemporary undeground erosion

Iteration 5

RMS error = 4.6 780{° B 3 780

Vertical exaggeration in model section display = 1 Biate Sciany 720
First electrode is located at 0.0 m.

Last electrode is located at 165.0 m. 760 760
Unit electrode spacing 3.0 m

720 9

700

680 a___

660

. e
640
620 . I
Urwisko Batorowskie
600

Iteration 5
580 RMS error=7.3

Vertical exaggeration in model section display = 1
First electrode is located at 0.0 m.

Last electrode is located at 435.0 m.

%69 Unit electrode spacing 5.0 m

0 I N NN BN O (] (R T OO ) N T N OB BE B

5.64 12.2 264 57.2 124 268 581 1257
Resistivity in ohm.m

(Waroszewski et al., 2015)



The role of subterranean processes - substantial sand removal from caprock

Assumptions used in volumetric
calculations:

0-150m ——> 3 m
150-300m——> 1.5m
300400 m———> 0.5m

Total volume of sandy slope

covers: |22 x 10°m? ‘_j

The way of calculating sandstone plate volume:
The area of particular plateau x height of the
exposed section of sandstone plate (varying in
the range of 10-30 m)

/

Total volume of sandstone plate remaining to
the present day:| 23 x 10’ m?

Skalniak



The role of subterranean processes - substantial sand removal from caprock

o
o |

—> so what about the consequences f caprock morphology?

In situ disintegration
of cliff lines

Breaking down of rock slabs
and differential settling




The role of subterranean processes - substantial sand removal from caprock
—> so what about the consequences for surface caprock morphology?
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The role of subterranean processes = substantial sand removal from caprock

— so what about the conseq
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The role of subterranean processes = substantial sand removal from caprock

— so what about the consequences for surface caprock morphology?
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The role of subterranean processes - substantial sand removal from caprock

—> so what about the consequences for surface caprock morphology?

50°34'0"N 16°17°0"E
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— waterfalls

@ boulder fills

boulder caves
and roofed slots

distinctively narrow sections

sand and organic matter accumulation
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The role of subterranean processes = substantial sand removal from caprock

— so what about the consequences for surface caprock morphology?

In situ disintegration of sandstone

|

Underground erosion and sand removal
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The role of subterranean processes - substantial sand removal from caprock

— so what about the consequences for surface caprock morphology?

C3 basins

microbasins — surface drainage

microbasins — subsurface drainage
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Closed depression within the caprock on the mesa of Szczeliniec Wielki



Rock city and caves within the caprock on

the mesa of Hejda

. sand accumulation

sandy cone

outlets of tubes

root stalagmites

/ O roof windows
continuation

of the cave | entrances

- - - - overhang outline

& — boulder-filled hollow
[5 — tilted towers

@ - roofed slots

(rﬂ — Pisec¢na Cave



The role of subterranean processes = substantial sand removal from caprock

— so what about the consequences for surface caprock morphology?

1 Outer cliffs
2 Structure-controlled

benches
3 Rock cities and rock labyrinths, \

with open corridors and plazas X
4 Boulder-filled troughs !
5 Blocky chaos and residual rock landforms (tors) 8 Tilted and collapsed blocks: large-scale slope instabilities
6 Pseudo-sinkholes 9 Outlets of tubes
7 Open slots penetrating from outer cliffs inward 10 Sandy cones
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Cete Cidades (NE Brazil) — degraded dolines in ancient silicate karst?
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The role of subterranean processes = is this karst?

Quartzite tablelands of Venezuela

True karst
Arenization (dissolution of cement
in quartzite) as a critical process

= Dissolution at grain contacts
Diffusion transport along pore water
» Advective flux of undersatured water (fracture/free surface)

SiO, concentration gradient

Source: Wray & Sauro (2017)




R, ages > R,ages> R,ages

Sandstone-capped escarpments — what are rates of their retreat?

L ages equal

and sand
removal

caprock

Joint-quided In situ
underground disintegration g
erosion of sandstone i




Sandstone-capped escarpments — what are rates of their retreat?
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Sandstone-capped escarpments — what are rates of their retreat?
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Sandstone-capped escarpments — what are rates of their retreat?

If each of the dated hillslope boulders approximates the past extent of the mesa rim, then...

» 415 m

=» 99.3 kyr

» 4.18 m/103 yr

The distance of boulder SzZW-20 from the present-day cliff lines

The age of boulder SzZW-20 determined on the basis of
cosmogenic 1°Be dating
Average rate of scarp retreat of the mesa of Szczeliniec Wielki

The rate an order of magnitude higher than most data
reported so far (mostly from arid and semi-arid environments)

NOW N . ~400 m




Conclusions — Take home messages

ROCK MESAS, BUTTES PLATEAU STEPPED DOMES

LABYRINTHS ROCK CITIES CPENE  BiKEERG REEE HILLSLOPES
CIRQUE

. SINKHOLES
In situ

=/ Toppling disintegration
Rockfall
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Toppling
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Arenization & Subterranean erosion

0Caves < Underground flows " Stream long profile

1. Considerable geomorphological diversity of sedimentary tablelands — reasons as yet not
entirely clear

2. Geological background as a fundamental control
Importance of ,,strong-over-weak” lithological setting

4. Multitude of processes involved and alternative evolutionary pathways = no simple
solutions

Important role of subterranean processes, possibly karstic

6. Challenges: temporal context of landform evolution; landform parametrization using
high-resolution DTM; filling regional gaps
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