Resolving dissolution...

Karst landscapes

Processes, forms and paleo-

environmental significance
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—Landscapes. .

 How does topography and relief (i.e.
landforms) evolve?

Upland erosion and
formation of relief

« How does material move .around the
landscape (i.e.now does landscape
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Rock Dissolution...

Calcite + Carbonic acid —» Calcium Hydrogen Carbonate

Transition of a mineral into aqueous solution (needs water), special case carbonate
(needs carbonic acid)

 Limestone can disso
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Karstification

There are three preconditions for karst
landscape formation (karstification)

Soluble rock (e.g. limestone, dolomite,
gypsum...)

Water

Secondary porosity (e.g. bedding
planes, fractures, faults)

joints
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Karst Landscapes

“Karst” is the term used to describe a special style of landscape containing caves
and extensive underground water systems that is
such as limestone, marble and gypsum (Ford and Williams, 2007)



Karst Landscapes . o

dissolves into

Most of drainage underground
(often leading to relatively dry
environments at surface) 'S D, e
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Surface drainage is chaotic and el disappearing
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cracks in
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Classification

« Underground (endo-), surface (exokarst)
« Cover — covered and uncovered karst

« Activity — active or fossil (past) karst

« Size and Morphology...




Karst Landforms 1
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Is rain water aggressive to limestone? YES
« ‘Karren’ - general term for the suite of surface solution

features: simple and composite forms (Rillenkarren,
Rinnenkarren)

* Form varies according to bedrock grain-size
characteristics, rock surface slope, vegetation cover,
hydrodynamics




Karst Landforms 1




Karst Landforms 1

Tsingy de Ankarana, Madagaskar







Karst Landforms 2 *® e | e —
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Karst Landforms 2
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Karst Landforms 3

» Polje - Large-scale closed depressions with steep slopes, flat bottom with
alluvial cover
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Karst Landforms 4
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Karst Landforms 4
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Karst Landforms 4

Sandstone Karst in central
Sahara...

Palaeoform (due to different, more
moist conditions in the past?)
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“.. on the very highly R’é@ﬂﬁed 4“: ="
_quartzites of Roraima, limited field™
Sauro, F. — Deep under the  measurements indicate that the

Earth surface, disovering chemical conditions under which the

. . karst is forming are at odds with
beau“y and science laboratory results, which indicate that

highly alkaline conditions are
necessary to achieve significant silica
dissolution” (Wray 2003)



https://www.ted.com/talks/francesco_sauro_deep_under_the_earth_s_surface_discovering_beauty_and_science?utm_campaign=tedspread&utm_medium=referral&utm_source=tedcomshare
https://www.ted.com/talks/francesco_sauro_deep_under_the_earth_s_surface_discovering_beauty_and_science?utm_campaign=tedspread&utm_medium=referral&utm_source=tedcomshare




Karst and Caves

« 30,000 km traversed by explorers - tens
of millions of km remain undiscovered

« Caves - conduits > 10 mm (turbulent flow)
In diameter that move water between input
and output points in a karst system

« Form along joints — ge
network pattern re
stratigraphy a

Caves form just
below the water
table.
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Karst and Caves

« Karst cave development
stages a Vadbse zonﬁeﬁ—m
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Caves and Landscape
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Cave Sediments

H,O0 + CO, —» H,CO; —
« Rainwater in soil zone reacts with soil CO, to create weakly acidic water

« This lower pH water travels through the calcium carbonate bedrock (surface to
the cave ceiling), dissolving the bedrock... CaCO, + H,CO, — Ca2* + 2 HCO,"

« Solution reaches a cave, degassing of CO, due to the lower
P atmospheric pCO, results in pH increase driving precipitation
of CaCO, g

Ca?* + 2 HCO,;~ — CaCO; + H,0 + CO,

« accumulation of preci
wide range of che

https://en.wikipedia.org/wiki/Speleothem
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Cave Sediments
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Tufa Deposits

Precipitation of CaCO, can also be facilitated
by other processes and conditions (leading to
different forms and deposits!)

« Tufa - formed when carbonate minerals
precipitate out of ambient temperature water
saturated with calcite by CO, degassing...

 ...reduction in pCO, also by (i) evaporation,
(i) photosynthesis

« Springs, fluvial channels, wetland or lake
environments — large macrobiological
component and high porosity



Tufa Deposits

;‘_.empﬂty =S\ ° .- Air-water interactions at waterfalls

 Uttakharand. (India) or rapids may be important for
i ¥ precipitation (turbulence and
1 B degassing)

High-rates of calcite formation

Plitwice (Croatia)
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Karst Landscapes — Summary...

 Solution contributes to erosion / denudation of continents (to
source-to-sink processes)

« Spectacular karst landscapes are the result of roc
dissolution

« Most karst landscapes form in limesto
also important

« Caves are ,unexplored und
valuable archives for the
and climates
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