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Geopolymer-Camp 20009:
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Previous State of the Geopolymer R&D
on VIDEO (vimeo.com)

Geopolymer-Camp 20009:
Mass Produced Geopolymer Cement > 2750

Geopolymer-Camp 2010:
State of the Geopolymer R&D 2010 > 880

Geopolymer-Camp 2011:

State of the Geopolymer R&D 2011 > 500
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Geopolymer Terminology vs Cement Terminology

vendredi 20 juillet 12



Geopolymer Terminology vs Cement Terminology

g £ po I y mer _ Geopolymer Technology; an opportunity to enhance

Australia| the sustainability of the mining and construction industries
ALLIANCE

A A Site Map Contact Us

Alliance Team Home > About us
About Geopolymers About us
Projects Background to the Alliance

Publications The Geopolymer Alliance was an initiative of the Centre for Sustainable Resource Processing. It
formed part of the Centre's Geopolymer Program for the period 2007 to 2010.

Industry participants in this CRC included Alcoa World Alumina, Anglo Platinum, BHP Billiton,
BlueScope Steel, GHD, Newmont Australia, OneSteel, Orica, Rio Tinto, Rocla and Xstrata.

Research providers included ANSTO, Curtin University of Technology, CSIRO, Murdoch University,
The University of Newcastle and The University of Queensland.
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I mer _ Geopolymer Technology, an opportunity to enhance
geOpo y e Australial e sustainability of the mining and construction industries

ALLIANCE

A A Site Map | Contact Us [EEEIIINENNN ¢ ©

Future Plans l'm_
Alliance Team Home > About us
About Geopolymers About us

Background to the Alliance "(A-t;étralia)

Industry participants in this CRC included: Alcoa World Alumina,
Anglo Platinum, BHP Billiton, BlueScope Steel, GHD, Newmont
Australia, OneSteel, Orica, Rio Tinto, Rocla and Xstrata.
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A A Site Map Contact Us
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Industry participants in this CRC included: Alcoa World Alumina,
Anglo Platinum, BHP Billiton, BlueScope Steel, GHD, Newmont
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Geopolymer Terminology vs Cement Terminology

Excerpt from «Geopolymer Alliance, Australia»

....... Davidovits developed the notion of a geopolymer (a Si/
Al inorganic polymer) to better explain these chemical
processes and the resultant material properties.

......... To do so required a major shift in perspective, away
from the classical crystalline hydration chemistry of
conventional cement chemistry

....To date this shift has not been well accepted by
practitioners in the field of alkali activated cements who still
tend to explain such reaction chemistry in portland cement
terminology.
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= Activation alkaline : « GEOPOLYMER »
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+
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[o] OH L |
| HO= $i —Q—Si—0 — Si — O—Al—OH
| | Na* )
Si ol oH O ® OH

| @ Nat

FCPC! 8.3.1 Chemical mechanism with Al(V) -Al=0
Parislech alumoxyl.

The chemical mechanism can be interpreted in the following way,
with NaOH or KOH (steps 1 to 5) :

Step 1: alkalination and formation of tetravalent Al in the side
group sialate O3-Si-O-Al-(OH); Na™, identical to the mechanism de-
scribed in Step 1 of kaolinite geopolymerization (Chapter 7).

. | Na'g ,OH
S —0—A=0} 4 0oH Nat,H,0 —Si—O0—AI
> | OH
Io] [o] OH

—?i— — Si — (1)
|
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2 nhew geopolymer molecular units

-Si-O-Si-O- siloxo, poly(siloxo)

-SI-O-Al-O- sialate, poly(sialate)
-SI-O-Al-0O-Si-0O- sialate-siloxo, poly(sialate-siloxo)
-SI-O-Al-0O-Si-0O-Si-0O- sialate-disiloxo, poly(sialate-disiloxo)
-P-O-P-0O- phosphate, poly(phosphate)
-P-O-Si-O-P-0O- phospho-siloxo, poly(phospho-siloxo)
-P-0O-Si-O-Al-O-P-O- phospho-sialate, poly(phospho-sialate)
-(R)-SI-O-Si-O-(R) organo-siloxo, poly-silicone

vendredi 20 juillet 12



2 nhew geopolymer molecular units

-Si-O-Si-O- siloxo, poly(siloxo)

-SI-O-Al-O- sialate, poly(sialate)
-SI-O-Al-0O-Si-0O- sialate-siloxo, poly(sialate-siloxo)
-SI-O-Al-0O-Si-0O-Si-0O- sialate-disiloxo, poly(sialate-disiloxo)
-P-O-P-0O- phosphate, poly(phosphate)
-P-O-Si-O-P-0O- phospho-siloxo, poly(phospho-siloxo)
-P-0O-Si-O-Al-O-P-O- phospho-sialate, poly(phospho-sialate)
-(R)-SI-O-Si-O-(R) organo-siloxo, poly-silicone

-Al-O-P-O- alumino-phospho, poly(alumino-phospho)

vendredi 20 juillet 12



2 nhew geopolymer molecular units

-Si-O-Si-0O- siloxo, poly(siloxo)

-SI-O-Al-O- sialate, poly(sialate)
-SI-O-Al-0O-Si-0O- sialate-siloxo, poly(sialate-siloxo)
-SI-O-Al-0O-Si-0O-Si-0O- sialate-disiloxo, poly(sialate-disiloxo)
-P-O-P-0O- phosphate, poly(phosphate)
-P-O-Si-O-P-0O- phospho-siloxo, poly(phospho-siloxo)
-P-0O-Si-O-Al-O-P-O- phospho-sialate, poly(phospho-sialate)
-(R)-SI-O-Si-O-(R) organo-siloxo, poly-silicone

-Al-O-P-O- alumino-phospho, poly(alumino-phospho)
AIPOas-based geopolymer
Geopolymer Chemistry & Applications, Chapter |3
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Polymeric structures of AIPO,-Geopolymers

=> Cross-linked (P-O-Al-O)n
poly(alumino-phospho) chains

:NQOSI o0 \Alla 0~
/

AIPO,-tridymite/cristobalite
AIPO,-berlinite (isostructural to quartz) N
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2 new geopolymer molecular units
-SI-O-3i-0O- siloxo, poly(siloxo)

-SI-O-Al-O- sialate, poly(sialate)
-SI-O-Al-O-Si-0O- sialate-siloxo, poly(sialate-siloxo)
-SI-O-Al-O-Si-O-Si-0O- sialate-disiloxo, poly(sialate-disiloxo)
-P-O-P-0O- phosphate, poly(phosphate)
-P-O-Si-O-P-0O- phospho-siloxo, poly(phospho-siloxo)
-P-O-Si-O-Al-O-P-O- phospho-sialate, poly(phospho-sialate)
-(R)-SI-O-Si-O-(R) organo-siloxo, poly-silicone
-Al-O-P-O- alumino-phospho, poly(alumino-phospho)
AIPO4-based geopolymer
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2 nhew geopolymer molecular units
-SI-O-3i-0O- siloxo, poly(siloxo)

-SI-O-Al-O- sialate, poly(sialate)
-SI-O-Al-O-Si-0O- sialate-siloxo, poly(sialate-siloxo)
-SI-O-Al-O-Si-O-Si-0O- sialate-disiloxo, poly(sialate-disiloxo)
-P-O-P-0O- phosphate, poly(phosphate)
-P-O-Si-O-P-0O- phospho-siloxo, poly(phospho-siloxo)
-P-O-Si-O-Al-O-P-O- phospho-sialate, poly(phospho-sialate)
-(R)-SI-O-Si-O-(R) organo-siloxo, poly-silicone
-Al-O-P-0O- alumino-phospho, poly(alumino-phospho)
AlIPOs-based geopolymer

Fe-O-Si-O-Al-O-Si-O- ferro-sialate, poly(ferro-sialate)
substitution of Al with Fe
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Transformation of ferro-kaolinite into Fe-MK-750

adapted from E. Murad and U. Wagner, Hyperfine Interactions 117 (1998)
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Transformation of ferro-kaolinite into Fe-MK-750

adapted from E. Murad and U. Wagner, Hyperfine Interactions 117 (1998)
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Mossbauer Spectroscopy (ferro-sialate)-geopolymer
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Mossbauer Spectroscopy (ferro-sialate)-geopolymer
adapted from K. C. Gomes et al., Materials Science Forum (2010)
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Mossbauer Spectroscopy (ferro-sialate)-geopolymer
adapted from K. C. Gomes et al., Materials Science Forum (2010)
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Mossbauer Spectroscopy (ferro-sialate)-geopolymer
adapted from K. C. Gomes et al., Materials Science Forum (2010)
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State of the Geopolymer R&D 2012

1) Geopolymer science

2) Geopolymer technologies

3) Geopolymer Cements / Concretes

4) Geopolymer and archaeology
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Influence of Drug Distribution and Solubility on Release from
Geopolymer Pellets—A Finite Element Method Study
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....The parameters such as pellet size and
composition may in the end be tuned to obtain an
optimal microstructure and chemical condition for a
safe and timely release from geopolymer pellets In
oral administration of highly potent drugs (opioids
and the like).
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The compositions may be used as coatings, adhesives,
mortars, casting materials, and the like.
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> Grants and funding
" improve rurs) ncl Rockwool Waste Briquette plant:

infrastructure
CSR Building Products Limited

Sustainability Fund

SO Insulation manufacturer develops a way recycle and reuse tonnes of rock waste
> Sustainability Fund

o Australia's only manufacturer of Rockwool insulation has found a way to capture, recycle and
> About the Sustainability reuse tonnes of waste generated from the manufacturing process.

Australia’'s only manufacturer of Rockwool

insulation has found a way to capture, recycle
and re-use tonnes of waste generated from the
manufacturing process.
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Rockwool is made from various rocks, such as basalt,
limestone and iron slag. The rocks are melted in a furnace to

form lava that can be spun into fibres ... generates 450k

of waste for 7 tONN manufactured.
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of waste for 7 tONN manufactured.

The $1.714 million project is using a geopolymer to bind
the waste together. The geopolymer was developed with the
assistance of chemical manufacturer, PQ Australia.
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Rockwool is made from various rocks, such as basalt,
limestone and iron slag. The rocks are melted in a furnace to

form lava that can be spun into fibres ... generates 450k

of waste for 7 tONN manufactured.

The $1.714 million project is using a geopolymer to bind

the waste together. The geopolymer was developed with the
assistance of chemical manufacturer, PQ Australia.

The first of its type in the world, the plant was operational by
March 2007. Using its own unique geopolymer, the waste
Is bound and formed into little 100mm x 90mm x 60mm
bricks. The briquettes are fed back into the furnace and
made into fibres for Rockwool insulation.
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Geopolymer

A new standard in
Fire rated facade materials

@ &

A2 Fire Rated Sustainable Core Smartfix®
& System Technology Compatible

Nu-core® A2FR fills the gap for Aluminium composite panel
applications where traditional ACP products were limited. Strict
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» World Chemical Company BASF launches
Geopolymer product

@ in News and Conferences, on 24 Mar 2011. & Tags: cement, ceramic,
chemistry.

Feb. 2011

The German chemical company PClI Augsburg GmbH, a subsidiary of the
world chemical company BASF, has launched a geopolymer joint grout PCI
Geofug® product, for the general pubilic.

Go to
PCl-Geofug Geopolymer Technology

and watch the product video.

PCl-Geofug ®

http://www.pci-augsburg.eu/en/
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‘fvom' skio

Prague, Czech Republic

HOME ABOUT US PRODUCTS CONTACTS DOWNLOADS WEBSITE MAP

Desil Al — geopolymer binder

DESIL Al is a colloidal solution with an additive Al which differs in its composition and
properties from classic colloidal solutions of alcaline silicates, designated as water glasses.

DESIL Al is a colloidal solution whose framework is very similar to zeolithic structures.

M vodni sklo

Your reliable
business partner

— L
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State of the Geopolymer R&D 2012

1) Geopolymer science

2) Geopolymer technologies

3) Geopolymer Cements /
Concretes

4) Geopolymer and archaeology
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Dear Prof. Davidovits, ...... | would like to share the commercial
success of our geopolymer technology for Paving blocks &
Tiles from Steel slag, fly ash and GBFS combination. The
technology has been developed, transferred and commercial
production started.....has produced around 0.5 million bricks
and got first purchase order of USD 30,000,000 and supplying.
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............... Finally we are planning to have 10 commercial
installations in India in coming 5 years.....
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Dear Prof. Davidovits, ...... | would like to share the commercial
success of our geopolymer technology for Paving blocks &
Tiles from Steel slag, fly ash and GBFS combination. The
technology has been developed, transferred and commercial
production started.....has produced around 0.5 million bricks
and got first purchase order of USD 30,000,000 and supplying.

............... Finally we are planning to have 10 commercial
installations in India in coming 5 years.....

Dr. Sanjay Kumar, Principal Scientist Resource, Energy &
Environment, National Metallurgical Laboratory, Council of
Scientific & Industrial Research, Jamshedpur - 831 007, India
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Initiarive

Paving Tiles
from Steel Slag

a green technology developed by

Process Highlights

A cement free process

Uses eco-friendly geopolymerisation
process

Complies to IS 15658: 2006
specification

Meet EPA 1311 specification for
toxicity
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Paving Tiles
from Steel Slag

a green technology developed by

Process Highlights

® A cement free process

@ Uses eco-friendly geopolymerisation
process

A cement free process

,?-\ CSIR- National ‘f'
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"o Laboratory TATA STEEL

Uses eco-friendly geopolymerisation - g

process
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1992 Rio de Janeiro

world Eco-summit

2012 Rio de Janeiro

world Eco-summit
Rio + 20

vendredi 20 juillet 12



My 1992 CO: emission forecast for Portland Cement
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My 1992 CO: emission forecast for Portland Cement
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World CO2 emission

GT 1992-2012
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Contents lists available at ScienceDirect Cleaner
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Journal of Cleaner Production

Hl SEVIER journal homepage: www.elsevier.com/locate/jclepro

Costs and carbon emissions for geopolymer pastes in comparison to ordinary
portland cement

Benjamin C. McLellan **, Ross P. Williams °, Janine Lay?, Arie van Riessen®, Glen D. Corder?

* The University of Queensland, Sustainable Minerals Institute, St Lucia, QLD 4072, Australia
b Centre for Materials Research, Curtin University of Technology, Perth, WA 6845, Australia
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Costs and carbon emissions for geopolymer pastes in comparison to ordinary
portland cement
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..... examination of the lifecycle cost and carbon
impacts of Ordinary Portland Cement (OPC) and
geopolymers in an Australian context, with an
identification of some key challenges for
geopolymer development.
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5. Conclusions

...For “typical” Australian geopolymer product,
there is an estimated 44-64% improvement in
CO2 emission over OPC, while the cost of

these geopolymers can be up to twice as high
as OPC.
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5. Conclusions

...For “typical” Australian geopolymer product,
there is an estimated 44-64% improvement in
CO2 emission over OPC, while the cost of

these geopolymers can be up to twice as high
as OPC.

However, ... those benefits are only realisable
given the most appropriate source of feedstock
and the least cost transportation.
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The broad range of potential feedstock sources
leads to a very wide range of potential impacts:

compared with OPC, emissions from
geopolymer cement can be 97% lower up to
14% higher.
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The broad range of potential feedstock sources
leads to a very wide range of potential impacts:

compared with OPC, emissions from
geopolymer cement can be 97% lower up to
14% higher.

Each application for geopolymers therefore
needs to be assessed for its specific location,
given that the impact of location on overall
sustainabillity is one of the determining factors.
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PRE-PORTLAND CEMENTS AND GEOPOLYMERS
Toma$ HANZLICEK V*, Ivana PERNA ?, Zdenek ERTL ? and Sean M. MILLER ¥

D Institute of Rock Structure and Mechanics, Academy of Sciences of the Czech Republic, v.v.i.,
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PRE-PORTLAND CEMENTS AND GEOPOLYMERS
Tom4§ HANZLICEK "*, Ivana PERNA ", Zdenek ERTL ? and Sean M. MILLER ¥
D stitute of Rock Structure and Mechanics, Academy of Sciences of the Czech Republic, v.v.i.,

V HoleSovickach 41, 182 09 Prague, Czech Republic

% Czech Development Agency o.p.s. (CzDA), Dykova 960/4, 101 00 Prague 10
Y Department of English and Department of History, University of Memphis, USA

ABSTRACT

This paper presents the historical background of the 20th-
century technology of geopolymers in light of a literature
research of the 15th to 19th centuries and offers a

hypothesis on why this historical knowledge was forgotten
when Portland cement appeared.
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(In the first half of the 19th Century)...we are actually
dealing with a small or very small circle of experts .....
mainly formed at military schools and therefore
keeping certain “secrets” or “specific knowledge” as
a part of the state’s important matters.
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(In the first half of the 19th Century)...we are actually
dealing with a small or very small circle of experts .....
mainly formed at military schools and therefore
keeping certain “secrets” or “specific knowledge” as
a part of the state’s important matters.

The major obstacle: Not even the experts
were able to tell whether local material will suit
the constructions or not — the physical methods
of qualifications were not sufficient as well as
chemical behavior....
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The uncertainty of results, the necessity of permanent
study of the local material used for construction, and
the search for the proper proportions and technology
were the main reasons of the decline of lime/clay
combinations, when Portland cement appeared.




The uncertainty of results, the necessity of permanent
study of the local material used for construction, and
the search for the proper proportions and technology
were the main reasons of the decline of lime/clay
combinations, when Portland cement appeared.

Everything .... much more sophisticated than the
simple use of standard Portland cement in an
admixture with pebbles and water.
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max. 2 universal and «User-

friendly» geopolymeric processes

1) (Na,K,Ca)-fly ash-based geopolymer cement
2) (Na,K,Ca)-(ferro-sialate)-based geopolymer cement

and

one industrial hardener based on geology
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User- friendly

Systems
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Corrosive and irritant chemicals

3 Hostile Friendly
CaO (quick lime) Ca(OH),
NaOH Portland cement
KOH Iron slag
Sodium metasilicate Slurry soluble silicate/kaolin
SiO,:Na,O = 1 MR 1.25<Si0,:M,0<1.45
Any soluble silicate Any soluble silicate

MR SiO,:M,0O <1.45 MR SiO,:M,0 >1.45




Joseph DAVIDOVITS
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Establish standards for global economy:
max. 2 universal and «User-friendly»

geopolymeric processes

1) (Na,K,Ca)-fly ash-based geopolymer
cement
2) (Na,K,Ca)-(ferro-sialate)-based geopolymer cement

and

one industrial hardener based on geology
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GLOBAL WARMING AND THE EXTREME
EVENT INDEX

THE IMPACT OF INTENSIVE FOREST
MANAGEMENT ON CARBON STORES IN
FOREST ECOSYSTEMS

INCREMENTALITY AND ADDITIONALITY:
A NEW DIMENSION TO NORTH-SOUTH
RESOURCE TRANSFERS?

NATIONAL ENVIRONMENTAL PLAN OF
AUSTRIA

AN ANALYSIS OF HUMAN-INDUCED LAND
TRANSFORMATIONS IN THE
SAN FRANCISCO BAY/SACRAMENTO AREA

FEDERAL GOVERNMENT - PRIVATE SECTOR
PARTNERSHIPS FOR ADDRESSING
ENVIRONMENTAL CONCERN AND
TECHNOLOGY DEVELOPMENT

INDUSTRIAL ENERGY EFFICIENCY AND
GLOBAL WARMING

COMPARISON OF RADIATIVE FORCING
IMPACTS OF THE USE OF WOOD, PEAT, AND
FOSSIL FUELS

GLOBAL WARMING IMPACT ON THE CEMENT
AND AGGREGATES INDUSTRIES
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World
Resource

World Resource Review Vol 6 No. 2

GLOBAL WARMING IMPACT ON THE CEMENT AND
AGGREGATES INDUSTRIES

Joseph Davidovits

Geopolymer Institute

Cordi-Géopolymeére SA

20 rue de la Fere, F-02100 Saint-Quentin, France

GLOBAL WARMING IMPACT ON THE CEMENT
AND AGGREGATES INDUSTRIES
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Third World Development means implementing the
use of electricity and building infrastructures and
houses; in short, electricity and concrete. The by-

product of electricity production with coal firing is
fly-ash.




Third World Development means implementing the
use of electricity and building infrastructures and
houses; in short, electricity and concrete. The by-

product of electricity production with coal firing is
fly-ash.

The innovative step would be to produce electricity
and low-CO2 cement (geopolymeric cement), in the
same plant, by adapting and implementing fly-ash
production into Geopolymeric raw-material, without
any supplementary chemical-COz2 emission.
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COAL FLY-ASH
GEOPOLYMERIZATION
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COAL FLY-ASH
GEOPOLYMERIZATION

Hardening at Room-Temperature
Based on

(K,Ca)-poly(sialate-siloxo) matrix
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Conventional method: alkali-activation
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Conventional method: alkali-activation
dissolution and zeolite formation

- 0.3-0.4 L/kg, NaOH 12M, or Na-silicate with
SiO2:Na20 <14
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- curing at 80°C for 48h.
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Conventional method: alkali-activation
dissolution and zeolite formation

- 0.3-0.4 L/kg, NaOH 12M, or Na-silicate with
SiO2:Na20 <14

- 24h room temperature ageing,

- curing at 80°C for 48h.

User-hostile
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Geopolymeric method
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Geopolymeric method

room temperature hardening
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Geopolymeric method

room temperature hardening
polycondensation
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room temperature hardening
polycondensation

-flyash..oooeeeiiiii 50 to 85
- K-silicate solution SI02:K20 >1.4........10
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room temperature hardening
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-flyash..oooeeeiiiii 50 to 85
- K-silicate solution Si102:K20 >14........10
- blast furnace slag...............coooiiiinien, 15

vendredi 20 juillet 12



Geopolymeric method

room temperature hardening

polycondensation
-flyash..oooeeeiiiii 50 to 85
- K-silicate solution Si102:K20 >14........10
- blast furnace slag...............coooiiiinien, 15
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Establish standards for global economy:
max. 2 universal and «User-friendly»

geopolymeric processes

1) (Na,K,Ca)-fly ash-based geopolymer cement
2) (Na,K,Ca)-(ferro-sialate)-based

geopolymer cement

and

one industrial hardener based on geology
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World-wide raw material for ferro-sialate geopolymer

2000 km (equateut)
T
—r—

1000 mu1 (equator)

@ Daniel Dalet
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Establish standards for global economy:
max. 2 universal and «User-friendly»

geopolymeric processes

1) (Na,K,Ca)-fly ash-based geopolymer cement

2) (Na,K,Ca)-(ferro-sialate)-based geopolymer cement

and

one industrial hardener in powder form

based on geology
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User-friendly powder form

molar ratio SiO2:Na20 > 1,45
no silicate powder + NaOH flakes
or equivalent

See for details
Book GP-Chemistry &Applications
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User-friendly powder form

molar ratio SiO2:Na20 > 1,45
no silicate powder + NaOH flakes
or equivalent

See for detalls
Book GP-Chemistry &Applications
Chapters 19 and 24
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Thermal Activation of Albite for the Synthesis of One-Part Mix Geopolymers

Dingwu Feng,* John L. Provis,*”" and Jannie S. J. van Deventer*?*
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Table I. Compressive Strengths of One-Part Geopolymer
Pastes After Different Periods of Curing

Compressive strength, MPa

Raw material 1 day 7 days 14 days 28 days

Albite” -~ - 5 2.9

Albite calcined at 1000°C” — — 1.8 255

Albite calcined with 155 32.3 38.5 44.2
» 50% NaOH at 1000°C’

Albite calcined with 12.4 25.6 34 4 42.6

» 50% Na,COj; at 1000°C '
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State of the Geopolymer R&D 2012

1) Geopolymer science
2) Geopolymer technologies

3) Geopolymer Cements / Concretes

4) Geopolymer and archaeology
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Materials Letters 65 (2011) 350-352 201 1

Contents lists available at ScienceDirect

Materials Letters

journal homepage: www.elsevier.com/locate/matlet

Were the casing stones of Senefru's Bent Pyramid in Dahshour
cast or carved? Multinuclear NMR evidence

Kenneth J.D. MacKenzie **, Mark E. Smith °, Alan Wong®, John V. Hanna ®,
Bernard Barry €, Michel W. Barsoum ¢

* MacDiarmid Institute for Advanced Materials and Nanotechnology, Victoria University of Wellington, New Zealand
® Department of Physics, University of Warwick, Coventry, CV4 7Al, UK

“ Institute of Geological and Nuclear Sciences, Lower Hutt, New Zealand

4 Department of Materials Science and Engineering, Drexel University, Philadelphia, PA 19104, USA
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A comparison was made of 29Si, 27/Al and 43Ca
MAS NMR spectra of the outer casing stone
from Snefru's Bent Pyramid in Dahshour, Egypt,
with two quarry limestones from the area.
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A comparison was made of 29Si, 27/Al and 43Ca
MAS NMR spectra of the outer casing stone
from Snefru's Bent Pyramid in Dahshour, Egypt,
with two quarry limestones from the area.

The NMR results suggest that the casing stones
consist of limestone grains from the Tura quarry,
cemented with an amorphous calcium-silicate
gel formed by human intervention, by the
addition of natural reactive silica (diatomaceous
earth from the Fayium area ?).
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Megalithic stones
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