Geology of
Facade Stones
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*Common stone types

* Geology of special facade stones
* Production process

* Common tests and properties
*Problems encountered
*|nspection and monitoring



Common rock types

* Granite (diorite, gabbro, gneiss): crystalline rock

* Limestone (limestone, travertine): crystalline, carbonate
* Sandstone (sandstone, onyx etc.): clastic, sedimentary

* Marble: crystalline, carbonate

* Volcanics (basalt,...): crystalline Usage:

* Slate (slate, phyllite etc.): foliated

e Synthetic stones Interior
Exterior

Paving stones
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Gneiss and metamorphic rocks
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Synthetic Stones
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Rapakivi Granite

e High viscosity melt
e Crystal and melt have similar surface tension




Rapakivi granites

Characteristics

Geochemically A-type granite A/ / W/ B \Mmm\\,
Ovoids of K-feldspar .
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3. Plagioclase mantle of K-feldspar ovoids B e § i
4. 2 generations of feldspar and quartz N

crystallization i J N (S
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Geology Today

Volume 23, Issue 3, pages 114-120, 25 JUN 2007 DOI: 10.1111/j.1365-2451.2007.00616.x
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2451.2007.00616.x/full#f4



http://onlinelibrary.wiley.com/doi/10.1111/gto.2007.23.issue-3/issuetoc
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2451.2007.00616.x/full#f4

Key debates:
* Ovoid forms of feldspar crystals
* Reversed order of crystallisation
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volatiles and
immiscible phases

olivine pyroxene pyroxene amphibole mica
ore minerals|

Geology Today
Volume 23, Issue 3, pages 114-120, 25 JUN 2007 DOI: 10.1111/j.1365-2451.2007.00616.x
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2451.2007.00616.x/ful l#f5



http://onlinelibrary.wiley.com/doi/10.1111/gto.2007.23.issue-3/issuetoc
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2451.2007.00616.x/full#f5

What causes the abrupt change N phy5|ochem|cal
conditions? : |

* Magma mixing

e Sudden change in
pressure at constant
temperature

e Uneven distribution of
melt composition

Issue is still debated.




Larvikite

A variety of monzonite

Perthitic feldspar (tenary feldspar; not
simply labradorite)

Schiller effect (result of light being
dispersed along the plagioclase and K-

feldspar crystal boundaries)
Formed in Oslo Rift, Norway, an
lgneous complex in lower crust




Oslo Rift 6°E 8°E
(Permian - Carboniferous)
Sadi fside the Caledonian Orogen

L < oy ol i/
Caledonian Orogen

Inter basin d: P

(Late Silurian - Devonian)
Uppermost Alochthon

Upper Allochthon

{Mesoproterozoic - Silurian)

Middle Allochthon

(Mesoproterozoic - Cambrian) g-\a(\

Lower Allochthon

terozoic - Palaeozoic) oﬂ@
Proterozoic “0
Igneous and supracrustal rocks

(1700 - 900 Ma, Gothian and Sy gian) 6407/10-3
Transscandinavian Igneous Belt and rapakivi granite Granite
(1800 - 1650 Ma) 437 Ma

Igneous and supracrustal rocks
(1960 - 1750 Ma, mainly Svecofennian)
Igneous and supracrustal rocks

(2300 - 1900 Ma, Lapland Granulite Belf) Sﬁiﬂ@
Sup | rocks and layered gabbros

(2500 - 1950 Ma, Svecokarelian) 5332"::1
Archaean 447 Ma
Igneous and supracrustal rocks

(3200 - 2500 Ma)

Legend:

Bl Biotite granite

0 Peralkaline granite (ckerite)
Syenite (nordmarkite and grefsen syenite)

I Monzonite and nepheline syenite

{1 Lava and sediments, Permo-Cagboniferous
Cambro-Silurian sediments

@ Fen carbonatite

) Caldera

Skagerrak

Credit: J. Geological Society

Oslo Rift,
Norway

Permain age
gabben
system with
lower crust
Igneous
complex



Exsolution of K-feldspar and Anorthite

Figure 5. Principle of how iridescence forms in a media, such as feldspar crystals. Figure 6. Scanning electron microscope photo of exsolution lamellae in larvikite.
The reflected light beam (1-2) and the refracted beam (1-3—4) reinforce each other Iridescence occurs when the spacing of the lamellae is from 500 to 1000 A (marginal
because their phase difference is an integral number of wavelengths. Other wave- parts of the photo).

lengths present in a beam incident at this angle will interfere, resulting in the optical
interference colours.

The feldspar is ternary with compositions in the range An (4-30%), Ab

Credit: Geological Survey of Norway (58—82%), Or (3—-35 %) (Barth 1945)
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CALCARENITE SANDSTONE
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Figure 2. Principal arenaceous forma-
tions deposited during the Alpine orogenesis
in the northern Apennines schematically dis-

approximating paleogeographic position
(modified from Sestini, 1970).

Actual and recent clastic deposits [
I Recent and actual volcanoes and associated lavas and tuffs
Marine deposits scarcely consolidated, of Oligocene-Miocene age
[ Flysch and marly-arenaceous turbiditic facies -
[ Calcareous and marly-silicoclastic units of pelagic facies
Massive carbonatic platforms of neritic facies
[ undifferentiated and chaotic complexes with prevailing clayey matrix

Crystalline and foliated formations K
| - |
[/ Crystalline Magmatic rocks 0 100 200 00
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Turbiditic sandstone in
Pacific Place

* Graywacke; lithic
sandstone

* High density
currents
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Limestone with fossils

Rosso Ammonitico
HKU Senior Common Room
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Rosso Ammonitico
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Production of Stone Claddings
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Common properties of
concern

* Water absorption

* Abrasion resistance

* Compressive strength
* Acid sensitivity
 Specific gravity

* Flexural strength

Abrasion Water Acid Flexural
Stone . . e
Resistance | Absorption | Sensitivity | Strength
Granite High Low Low High
Limestone Low I\/Iod_erate— High Medium
High
Marble Low Moderate Modgrate— Mec?llum—
High High
Sandstone | Medium Mod_erate— Low LOYV_
High medium
Basalt High Low- Low High
& Moderate &
Slate High Low Low High




Strength Tests (BD APP-16)

Flexural strength

e Characteristic strength = Average strength — K x g;
(K = 3.41)

* Characteristic flexural strength > 3 x design
allowable flexural strength x Flexural Safety Factor

* FSF: Granite = 4.5; Limestone =7.2; Marble = 6.3

Ageing tests for limestone
* 50 thermal cycles + 50 dry/wet cycles




Stone Type Typical Flexural Strength
Range (MPa)




Geological properties

* Mineralogy and composition

* Cracks

* Microfissures and cleavages

* Clay seams and clay contents

* Porosity

* Chemical composition and acid sensitivity
* [ron content

* Expansivity



Problems

Cracks
Seams
Spalling
Decoloration
Efflorescence
Tenting




Spalling, Joint widening, Marly layers




Buckling and Tenting

* Differential swelling
* Shrinkage of substrate

o
h,




Causes of disintegration

Acid sensitivity

* Anisotropic properties of calcite

e Dissolution of cement




Adverse cracks




Efflorescence

* Salt deposit originated from grout,
mortar, material

 Alkalis, Ca- Na- and K- hydroxides or
sulfates

e Reaction with air to produce
carbonates




How may geological investigation help?

e Structural studies for cracks and fissures
* Clay seams

 Geochemical analysis (XRF)

* Thin section analysis

* Chemistry experiments



jon microscopy

Reflect
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XRF Results quantitative. MG: Mystic Grey LAL: Lanhelin
Sample Tilk AlO; MnO MgO NalO K20 P205 TOTAL
name (%) (%) ) (%) (%) (%%) (% (%) (%) (%)
MG 1.60 2448 J9 0.09 3.10 247 0.73 020 023 0026
LA 032 1481 33 0.04 091 337 434 0.18 037 00 84
Standard - Dry Base
ECR-2 373 2361 13374 0.157 3333 3484 1.849 0348 a0 73
BCR-2 4.1 226 13.5 0.196 3.59 3.16 1.79 0.33
JG-1A 13.05 0200 1431 0.056 0.697 3.154 3975 0.083 99715
JG-1 123 026 1424 0.063 074 338 308 0099
GSE-16 3316 13278 0.19 A | 3303 1.563 0.336 00 521
GSE-16 204 1521 021 5.08 317 149 0.33




Examination of Cladding Panels

* Rock type and origin

e Stone condition

* Susceptibility to weather elements  Geologist has a role to play:
* Cracks and microfissures

* Crack orientation

* Aperture

* Seepage condition

* Clay filling

* Grouting and mortar condition

Facade Stone Geology



Thank You!

/web.hku.hk/~chanls



