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This issue oEpisodesis a special issue dedicated to stones, they lie idle. Nevertheless, due to the specific
heritage stone; those stones that have special significandechnical and aesthetical characteristics of such heritage
in human culture. Examples include some very importantstones, these historical quarries should be preserved and
natural stones that have been either neglected becaussed, sometimes with restrictions, in case of the resto-
they are no longer extracted, or rock types that have greattion of monuments and historical buildings in order to
significance in commercial terms, but where knowledgeavoid the disastrous actions that have been observed in
on their international heritage is not well documented.some restorations even\ivorld Heritage Cities.

The Heritage ®neTask Group (an IlUG3ask Group)

has the role to establish a new formal geological This special issue comprises papers that have been

designation: the “Global HeritagéoBe Resource” where  sourced from presentations to a session on Heritage S

a natural stone has special international significance. that was held as part of the Genefalsembly of
European Geosciences Union, heldvienna inApril

The objective of this collection of papers is neither 2014, and supplemented with contributions from other
to emphasize the specific geological characteristics ofauthors who are enthusiastic about this concEpis
the rocks with heritage attributes, or to recommend (orissue also complements a newly issued Special
ban) their use for new construction. Our aim is to spreadPublication of Geological Society of London entitled
awareness of architectonic heritage and the natural stonés§lobal Heritage $one: Towards international
that have been utilised\ccompanying this enhanced recognition of building and ornamental stones”. It is our
appreciation is the need to preserve the historical quarriesope to provide further contributions on this subject in
that once provided the source for such stdreese  future issues oEpisodes.
quarries are linked to regional culture and local society
yet so often todayas a consequence of modern  The Editors of this issue greatly appreciate the work
transportation, improved infrastructure, or even globali- of the authors and reviewers as well as [UGS support for
zation related to imports and exports of exotic dimensionthe ongoing work of the Heritaged®eTask Group.
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The commaeial stone indusiy in Alvdalen, nahwest  handicrafts that catexd for the poor as well as@viding
of Sockholm, stated in the second half of the 18th items of extravagant luxwr
century as a social need. Thegion had been plagued Today a porphyy museum exists in Alvdalehfew
by sevee famine and therwas an wgent need for handicraft workers a active, and the abandoned old
additional wealth-generating indusgtr At that time it  porphyly plants ae open to visitors.
was aleady known that the porphyin the aea was
similar to the "porfido psso antico” fom Egypt which  Intr oduction
had played an impeant role in the Roman C.UIta_r Many The commercial stone industry in Alvdalen, about 350 km
ups and downs followed. During one period in the 19thporthwest of Sckholm, commenced in the second half of the 18th
centur, the Swedish Royal family owned the industr century as a consequence of social neegvere climate, in addition
At the same time, several "porplyrobjects wee to an increasing population, produced great strain on soGiety
presented to diffent couts aound Euope (e.g. a 4 region had_been plagued t_)yseverefanWieaen cropsfalled,pgople

. were starving and many diethere was an gent need for additional

mete .taII vase to the Rgssmn czalthough of am@& \cqith-generating industry
granitic variety). Othewise most mducts have been At that time it was already known that the porphyry in the area
smaller objects like urns, vases, candelabras, etc. Thavas similar to the "porfido rosso antico” from Egypt that had played

very hard Sone (with variableed or black colours) can an important role in the culture of ancient Rome where porphyry was
be highly polished a symbol of powelLater, during the Renaissance, a renewed interest

o in the material took place and many old objects were redsed.
Many of the porphyr varieties weg souced fom shortage of good quality porphyry led to the idea that the porphyries
glacial boulders. These had been "mechanically tested”in the region of Alvdalen were a valuable natural resource. Some

by natue and wee free fom joints which othevise was Swedish 18th century scientists like Linneus, Cronstedt and Gahn,
a problem in the associated qmms. honoured later with the mineral names linnaeite, cronstedtite and

. ] . gahnite, were involved in the investigations prior to establishment of
Comagmatic granites also occiihe porphyries and the industry Private entrepreneurs, with support from the King,

granites have an age aund 1700 Ma, and the former ultimately launched an industry in 1788. King Gustaf Il made a
are amazingly well msered with magnificent volcanic journey to Italy in 1783 where he visited the stone industry in Florence.
textues Most likely this visit inspired him to support the establishment of
) . . orphyry manufacturing operations.
The porphyries and granites occupy a vasizaand poTPIVTY gop
re in \Y with ntinental san n :
ag pat co _eed th ed, continental sandstones, History of porphyry
which ae quaried to-day
In the middle of the 20th cengurthe ignimbritic The word “porphyry” derives from the Greetopgugoc and

. . “ le”. In ancient times the stone was much sought after
character of the porphyrwas discovexd. Peviousl means "purp _ !
porphyr y The oldest porphyry quarries were to be found in Egypt near the Red

the flattened "fiamme” (collapsed pumice) had been Sea (Maxfield and Peacock, 2001). Cleopatra of Egypt, the Emperor
interpreted as some kind of flow stture in lava. The  of Rome, the Popes of the Middéges, the Medici of Florence,

porphyry manufacturing plants in Alvdalenaan pat Cardinals Richelieu and Mazarin, Napoleon and many more famous
of the Swedish industrial histprOver a significant figures surrounded themselves with beautiful objects made of

. . . porphyry where the colour of the material, purple, would give an
historical period the porphyrworks poduced good extra stress to mark the importance of the ovilrter traditional royall

Episodes ®. 38, no. 2
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colour used to be blue, but Cleopatra changed the symbolic colour tthe Great, was also entombed in a porphyry baththere are
red and had the walls of her banqueting hallexandria adorned in ~ occurrences of porphyry in several place¥/gstern Europe, but in
porphyry Roman Emperors continued the use of the red stonethe Alvdalen area in Sweden the porphyries display an unusually
Bathtubs of porphyry were populém the Eastern Roman (Byzantine) great variation in coloutexture, phenocryst size and content, which
Empire the material was especially used to mark the importance ofmakes them favourable for use as ornamental stone.
the Emperarin the palace of Constantinople a special childbirth The Swedish porphyry occurrences were discovered in the 1730s
delivery-room was designed for the Empress where the walls andy a vicar in Alvdalen, but half a century was to pass before the
floors were covered in porphyr prince born in this room was  working of porphyry objects was in progrefae Swedish counsellor
bestowed with the extra title “born to the purple”. of the realm formed, together with ten other men, a company for the
The ancient mining of porphyry was concentrated on the Egyptianworking of porphyryA huge grinding house (Figure 1), driven by
quarries, active from 20AD to 400AD. During the Middiges, the waterpower was constructed in 1796-97. It greatly facilitated the
importation of porphyry to Europe was discontinued and alternativessubsequent productionThe first foreign agent was established in
had to be found leading to reuse of the existing material. Since thdHambug, Germanybut it was soon followed by representatives in
fashion was to bury ecclesiastical princes in sarcophagi of porphyryLondon, Paris andienna A catalogue from Paris, 1805, (Sundblom
a great number of Roman bathtubs were rebuilt and elevated to thet al, 1985) shows a variety of objects for sale. In France, there was
new status of papal sarcophddie King of the Ostrogoth$heodoric also cooperation with skilful workers for bronze decorations. In
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Figure 1. Sketch of the porphyry grinding house, built 1796-97, driven by water polestroyed by fire in 1867 (Lagerqvist and Aberg,
1984).
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general, France was a good market, and Swedish porphyry object “'\
can still be seen in French museums and homes. L

Economic fluctuations were a feature of the porphyry enterprise.”
At the beginning of the 19th centufyapoleon’s general Bernadotte '
became King of Sweden under the name Karl Xbhan.The
Swedish Royal family owned the porphyry-works between 1818 and\
1856 and it used porphyry items as gifts to various international
luminaries. During this period, Sweden was economically poor and
roads, bridges etc., were of inferior qualifjus transportation of
the lager manufactured porphyry objects created major challenges
(see below).

Even though the Napoleonic wars curtailed activities between
Sweden and France, the porphyry business soon recommenced aff]
the wars. Much later in 1867, a severe fire destroyed the major grinding
house and resulted in closure of the initial industrial enterprise. Soo
after, it was reopened but never recovered its initial capacity

Today a porphyry museum has been established in Alvdalen.
few handicraft workers are active, and the abandoned porphyry
manufacturing plants are open to visitors. (http://mgesnord.ay/
shows/porph.html)

Geology

Figure 2 shows the location of Dala porphyry production area, §=8
where Dala volcanites occupy an area approximately 5000-6300 km
in size (Figure 3)These rocks are also present below a cover of
continental sandstone (Dala Sandstone) to an unknown extent
They were subdivided into porphyries and porphyrites by Hjelmqvist
(1966) where the former are mainly ignimbrites and the latter mainly
lavas ranging from basalt to dacite in composition (Nystrom 2004).
The lavas have had limited interest for the stone induStrg
continuation in Norway is known as ther{il porphyries” (WoIff
et al, 1995).

Figure 2. Map showing the location of Dala Porphyry production
area.

Episodes ®. 38, no. 2

Figure 3. Bedrock map (Bergman et al. 2014). The porphyries
are shown with dark yellow colourthe covering continergl
sandstones in pale violet colgudolerites in dark violet, and granites
in red.

In Sweden “porphyry” is the traditional rock name for well
preserved (very low or low grade) felsic, porphyritic volcanic rocks
and some dike rocks occurring at Alvdalen and other parts of the
country This name has earlier been widely used by geologists, but it
is now often replaced by “rhyolite”, “trachyte” etc., according to
modern international rules. Howeyeince the name “porphyry”
(porfyrin Swedish) is deeply rooted in common language in Sweden,
largely because of the famous objects made at the porphyry works of
Alvdalen, we think it is appropriate to use it in the context of this
paper

The ignimbritic character (Figure 4) of the porphyries was
described by Hjelmqvist (1956, 1966, 1982) and Lundqvist (1968),
and a general overview was given by Nystrom (2004). Some of the
porphyries (see for instance the Katilla porphyries, Figure 5) are
closely associated to high-level granite intrusions and display textural
similarities with a porphyritic granite called the Gardpgranite This
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“porphyry”. This tinguaite is considerably young@80 Ma, than
the true porphyries and have been further described by Lundqvist
(1997).

Manufactur ed objects

The Alvdalen porphyries can take a high polish with a special
lustre, but to attain this finish there is a need for time consuming
handicraft workAs a result, prices have been very high over the
years and the objects have been rated in the luxury category

Although most of the raw materials have been extracted in bedrock
quarries, much porphyry was also sourced from glacial boulders.
These had been "mechanically tested” by nature and were free from
joints, which otherwise caused problems in the quarries.

; Sate Large objects, like the 4 meter tall vase presented by the Swedish
AT Sunet VR DN : King Karl X1V Johan to the Russian Czar and thgdagarcophagus
RS R AR e for this king, were manufactured from the GagagnaniteThis granite
Figure 4: Microphoto of ignimbritic, rhyolitic Dala Porphyry is more suitable for lge objects because it has a lower frequency of
(Rénnas Porphyry) showing well preserved glass-shard texture and fissures than the porphyries.

more coarse-grained ignimbrite flames. Rannasarna, 12 km north- Special products included mosaic tables, often with maferelift
northeast of Alvdalen. Photo by Thomas Lundgvist. porphyry varieties.

As mentioned above, the Swedish king Karl XIV Johan
has been manufactured under the name "granitEiie Garbegy commenced giving porphyry gifts to prominent persdine Royal

granite has many chemical similarities with rapakivi granites, including Court continued with this custom, at least until the 1920s when the
its high content of fluorine (Lundqvist and Persson 1999). RadiometricKing of Siam (moderiThailand) was presented with a porphyry vase.
dating (U-Pb on zircon) of both porphyries and granites (e.g. Garber A list of known porphyry gifts noted from published sources,
granite) results in dates of around 1700 Ma (Lundgqvist and Perssomainly Lagerqvist and Aber (1989) follows. Lage objects,
(1999).The metamorphic grade decreases from greenschistfacies ananufactured from "granitell”, are listed:

the base of the porphyry complex to prehnite-pumpellyite facies

near the topThe burial metamorphic pattern indicates that the e 1838. Four meters tall vase presented to the Russian Czar

original thickness of the deposit was several thousand meters Nikolaus I, installed in in the garden of the Summer Palace in
(Lundgvist, 1968; Nystrém, 2004). St. Petersbug.

Boulders and blocks of porphyry from this part of Sweden have  ® Large urn installed outside the small pavilion of Rosendal in
been glacially transported for long distances due to their hardness. Djurgarden in ®ckholm (Figure 6).

Both in Sweden and Central Europe, they have acted as tracers for ® Sarcophagus of Karl XIV Johan.

ice movements (Hesemann 1936). Glacial boulders of a green 1822: two lage vases presented to King GgmidV of the
tinguaite, with nepheline, cancrinite and aegirine phenocrysts, also United Kingdom.

attracted the stone workers early and were sometimes considered as ® 1837: a lage vase presented to King Maximilian of Bavaria.

Figure 5: Different varieties of Swedish porphyries used in industfyom lett to right and from top to bottom: Garberg granite, Blyberg
porphyry with ignimbritic "flames”, the most commonly used varieB&annas porphyryKatilla porphyry Dysberg porphyryKatilla porphyry
Ramma porphyry and Bredvad porphyri?hotos by J.-O. Svedlund.
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Figures 6-8. (6) Large vase made from “granitell” between 1815 and 1825, Rosendal Casidh8Im. Photo from Bukowskis auctions.
(7) Gilded bronze ornamented Dala Porphyry urn. Photo from Bukowskis auctions. (8) Porphyry memorial in honour to Linneus, inside
Uppsala Cathedral. Photo by Bjorn Schouenborg.

e 1851: a lage vase presented to Queéntoria of the United T., 2012. Bedrock map of Sweden, scale 1:1million. Sveriges
Kingdom from King Oscar . geologiska undersdkning K 423.
e Unspecified porphyry gift presented to the French monarch. Hesemann, J., 1936. Zur Petrographie einiger nordischer kristalliner
e A number of urns and memorials (Figures 7 and 8). LeitgeschiebeAbhandlungen der Preussischen Geologischen
Landesanstalt, Neue Folge, Heft 173, 167 p.
Conclusion Hjelmqvist, S., 1956. On the occurrence of ignimbrite in the pre-

Cambrian. Sveriges geologiska undersdkning C 542, 12 p.
Swedens Dala or Alvdalen porphyries have had major decorative Hjelmqvist, S., 1966. Beskrivning till bggrundskarta éver
and ornamental significance at an international scale for more than Kopparbegs lan. Summary: Description to map of the Pre-
200 years. Quaternary rocks of the Kopparge€County Central Sweden.
They have been utilised in the most prestigious vases, urns, With map in two sheets, to the scale of 1:200 000. Sveriges
sarcophagi, mosaic tables and other ornamental works especially as geologiska undersokning Ca 40.
gifts from the Swedish monarchy during the early nineteenth century Hjelmqvist, S., 1982The porphyries of Dalarna, Central Sweden.
Their historic importance continues to be recognised in Sweden  Sveriges geologiska undersokning C 782, 52 p.
today with the establishment of a porphyry museum in the village ofLagerqvist, L.O. and Abgr N., 1989. Elvedals porfyrverk 1788-

Alvdalen, about 350 km northwest db8kholm and the maintenance 1885.\incent forlag, ckholm.
of handicraft manufacture. Lundqvist, J., 1997The tinguaite boulder fan in northern Dalarna,
Dala or Alvdalen porphyries deserve to be considered as a Sweden, and the Permo-Carboniferous rifting of Scandinavia.
potential “Global HeritagetBne Resource” from Sweden. GFF 19, 123-126.
Lundqvist,T., 1968. Precambrian geology of the Los-Hamra region,
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Petit Granit is a Carboniferus gey-bluish crinoidal local name “Pierre Bleue,” characterized by an abundance of crinoids.
limestone that becomes shiny black when polished. Th@/ith polishing, this stone becomes dark, but when used in exteriors,

Kis k d | oth including®i it loses its polish in a relatively short period of two to three years and
FOCKIS Known under several other names Includingeier becomes significantly lighter and greyer in coldts extraction is

bleue (Blue stone), but it should not be confused withexciusively from Belgium, in the area around Soignies in the Hainaut
other natural stones having a similar comuaialname, province and around the Ourthe valley and in Condroz, as in the

which ae superficially similar limestones. It consists of Bocg and Molignée valleys (Figure The rock is Early Carboniferous

. . . . i Burneur 2004; Groessens afdurneuy 2011; Groessens
around 96% micocrystalline calcite and a high M 29 ( o e » 2T X
0 y 9 2013) and comprises the Soignies Member of the Ecaussinnes

pl‘OpOI’FIOﬂ of fossils, mamly C”nc_)'ds' In addltlf)n SOME Eormation.A variety exists in some of the older strata, of middle
dolomite, quatz, pyrite, macasite and fluorite &  Tournaisian age, named “Petit Granit du Bocq’, after the Bocq yalley

present.Around fifteen quaies are curently active, a tributary of the Meuse rivgo the east of the municipality 6foir,
employing almost one thousand people and thus is ai/here itis still exploited.

important part of the natural stone economv in Belaium The name of the stone, Petit Granit, is somewhat misleading, as
P P y g “it applies a term for an igneous rock to a sedimentary rock. However

Petit Granit has a\ppellation d’Origine Locale (Local  the fact that this limestone encloses numerous fossil fragments of
Appellation of Origin) designation since 1999. It has beenwhite crinoids, brachiopods and locally corals, which look

extracted in severalegions of southern Belgium since superficially like feldspars in granites (Figure Zhis needs to be
the MiddleAges pointed out because a number of sculptures in museums and catalogues

. made with this limestone are labelled as “Black Granite”, with the
The stone characterizes many facades of the urba%onsequent misinformation for visitors (e.g. Hernandez, 1950;

architectue of Bussels and other Belgian cities, and Sothebys catalogue, 2008, 201Museo Mateo Hernandez, Béjar

since the second half of the"&entury it has been used Salamanca)

in various countries elsewhein Euope and overseas. On freshly broken surfaces, the cleavage planes of the crinoid

. . . . . fragments are reflective, giving a coarse-grained appeaiidreaame
Its high density and uniformity mean that it takes an Petit Granit is relatively old, used at least since the end'bédgtury

excellent polish and thus has versatile use as a dimensiog 4. Brard 1808: “Marbre madréporique de Mons (Petit gris, ou Petit
stone. Petit Granit has also been used widely in sciptur Granit des marbriers” [p. 372], or “ce vilain marbre du département
and achitectue by several well knowntists. However de Jemappes connu sous le nom de Petit Granit” [p. 398]).

deterioration has been observed when it has been used The stone can be worked and polished in all gommon styles. Itis
one of the few calcareous stones that can receive flame treatment.

for exterior purposes, .and am”ate measws ne_ed The stone characterizes many facades of the urban architecture of
to be taken to @vent this. This stone can be consédier Brussels and other Belgian cities, and since the second half of the

as a possible candidate for Global Heritagoise 19th century it has been used in various countries in Europe and

Resouce nomination in Ewpe for its pominence and overseas. Exportation of this natural stone to Germany has led
lue both in construction and artisti to it being known commercially there by the name of “Belgisch
value both In construction and artislic uses. Granit” (Belgian Granite), thereby continuing the misunderstanding

regarding its rock type, and also “Belgischer Blaustein” (Belgian blue
An intr oduction to “Petit Granit” stone). - o ,
Petit Granit has also been used widely in sculpture and architecture
Petit Granit is a calcareous grey-blue stone, giving rise to theby several well known artists (e.g. Mateo Hernandez, Michel

Episodes ®. 38, no. 2
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Figure 1. Map of Belgium showing distribution of lithologies. Marchi anditirneur (2002)

Smolders,Tom Blatt, Belgischer BlausteinBelgischer Blaustein Committee Meeting in San Sebastian, Spain in February 2012 (http:/

Santiago Calatrava, among others). /www.globalheritagestone gthome/ghsiproposals)An approved
GHSR nominee must have a cultural history encompassing a

Petit Granit as Global Heritage Sone significant period of time and needs to have been utilised in significant
works, either in buildings, sculpture or utilitarian applicatiéhile

Resource geographical use, extending if possible to numerous countries, is

The essential characteristics of a Global HeritdagaeSResource  important. In addition, recognition as a cultural icon, potentially
(GHSR) are now defined (Hughs et al. 2013; Cooper et al. 2013;including association with a national identity or a significant individual
HSTG “Terms of Reference” approved by IUGS at its Executive contribution to architecture, is also valuable. In the case of Petit Granit,
all these characteristics are accomplished. Contemporary quarrying
and therefore the on-going availability of a GHSR for construction
can increase the status of a GHSR and hence is also ben&gaal.
consequence of this availabiljtyechnical investigations are
encouraged, and continued use of the GHSR stone is proMétied.
contemporary quarrying, GHSR designation may safeguard the
resource from future inaccessibility resulting from quarry closure.
Such inaccessibility has long been a problem given the common close
proximity of dimension stone quarries to other human activities.

Required GHSR Nomination/Citation

data

For the purpose of GHSR nomination, the HST&ms of
Reference state that citations shall contain specific information
(Cooper et al. 2013), as follows.

L

Figure 2. Mateo Hernandes “Owl”, made on Petit Granit where

Formal Name: Petit Granit.

the white fossils against the black background explain the Other Names Pierre Bleue de Belgique, Blu¢oBe, Belgian
controversial name for a limestone. Reference on the material at Blue Sone (not to be confused with Chinese Bluestone or
the museum: Granito Negro (Black Granite). Photo by D. Pereira. Irish Bluestone), Belgian Limestone.
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Place of Origin: Southern Belgium.

Resource Location: Petit Granit is exclusively extracted in
Belgium. Four regions are known for having quarries (Figure
1):

e Hainaut province: Soignies and Neufvilles, formerly
Ecaussinnes, Felufrquennes

e Condroz area: Sprimont, Chanxiethisnes, Clavier
Modave, Oufet, Pailhe, Le#wvins

e Valley of the Bocq: Dorinne, also Yvoir and Spontin
for the variety Petit Granit du Bocq

e Valley of the Molignée: for the moment, no active
exploitation, formerly Denée

Today there are two major production regions:

e Hainaut (approximately 80 % of the total)
e The Ourthe—Ambléve region, south of Liege.

Quarrying: Petit Granit has been extracted in several regions of
southern Belgium since the Midddgje (Figure 3a and 3b).
Around fifteen quarries are active these days, employing
almost one thousand peopkfemap with specific locations
of present-day quarries is at http://wysierresetmarbres.be.

Heritage issues:The quarries are being considered within the
European Quarry Landscapes project, which considers historic
quarries and landscapes formed by quarrying across Europe
(http://lwww.quarrylandscapes.teruel.es/)

Victor Hugo mentioned the Petit Granit in his travel
writings (e.g. “Ces roches de la Meuse contiennent beaucoup
de fer; mélées au paysage, elles sont d'une admirable couleur:
la pluie, l'air et le soleil les rouillent splendidement; mais,
arrachées de la terre, exploitées et taillées, elles se
métamorphosent en cedieux granit gris bleu dont toute la
Belgique est infestéeCe qui donnait de magnifiques
montagnes ne produit plus quedfafisesmaisons. Dieu a fait
le rocherI’homme a fait le moellon.” (Rouvez, 1909)

Petrographic Name: Crinoidal limestone (bioclastic packstone
[Dunham, 1962]; biomicrite [Folk, 1959])

3. — Soignies, — Carriéres du Hainaut.

87

Mineralogical composition: The mean composition is of 96 to
99 % carbonate (with a minimum of 88 % calcite), 0 to 1 %
quartz, 0,1 to 0,4 % iron (mainly as pyrite) and 0,2 to 0,4 %
of organic carbon (which gives the dark colour in fresh
surfaces).

Colour: Grey-bluish, dark-grey on freshly broken surface, to light-
grey with a slight bluish shade as a patina.

Natural variability: The strata of Petit Granit are well known
for their homogeneity and uniform characlérere is a slight
variability in the size and density of crinoid ossicles, and also
a slight variation of coloyusomewhat darker (“bancs noirs”)
or lighter (“bancs gris”).The many diferent finishing
possibilities for the rock, smooth or rough ones, alter the
colour appearance.

Suitability: The Petit Granit is covered by a technical agreement
referred to “Agrément technique avec certification”, under
the authority of the Union belge pour I'agrément technique
dans la construction, (http://wwubatc.be), where all the
geological and technical data are given. Its high density and
uniformity mean that it takes an excellent polish and thus has
versatile use as a dimension stone. It can be used in nearly
every kind of applications in architecture, garden and
landscape architecture, decoration and sculpture. However
some finishing styles are not long-lasting in external uses
and are reserved for inside decoration.

Sratigraphy: Different varieties are found in early Carboniferous
strata, from middle to lafBournaisian age. Petit Granit s.s.is
of middle Tournaisian ageThe limestone was formed in a
shallow-marine depositional environment, in tropical
conditions, inhabited by many invertebratgamisms, such
as crinoids, corals and brachiopods. For a complete geological
explanation: http://www2.ulg.ac.be/geolsed/geolwal/
geolwal.htm

Commercial designation: “Pierre Bleue de Belgiq®, a
registered name.

Figure 3 (a)Quarries at Hainaut. Pastt the beginning of XXth cengytthe landscape looks netindustrial’ with many travelling cranes,
but with still old installations. Collection Bels, Bussels(b). Quaries at Hainaut. Pesent. The position of strata in Soignies, with a gentle
slope of 12-13°, allows exploitation in hugeréges and pvduction of vey large blocks of good stone.

Episodes ®. 38, no. 2



Physical properties:
Extracted from http://wwwpierrebleuebelge.be/images/biblio/
biblio-74-710.pdf

Water absorption (%) 0.1
Mean Density (kg/m?) 2687
Mean Porosity (%) 0.28
Mean Compressiveti@ngth (MPa) 157.90
Mean Flexural 8ength (MPa) 16.70
Wear resistance (mm) 18.80
Static Elastic module (GPa) 86.90
Dynamic Elastic module (GPa) 86.90

Vulnerability and maintenance of supply:Petit Granit is only
quarried in Belgium.

Production figures for 2006 were 38.000at Clypot site and
17.000 M at Gauthier anWincqz site (extracted from: http:/
www.pierrebleuebelge.be/key-figures.45-uk.html)

The annual turnover for all Petit Granit quarries in Belgium is
65,000,000 euros at present, including 30 % of expbines.
quarries employ 650 people (400 only at ‘carriéres du
Hainaut’). This data guarantee the maintenance of extraction
activity for the future.

Historic Use: Petit Granit has aAppellation d’Origine Locale
(LocalAppellation of Origin) designation since 1999. It has
been extracted in several regions of southern Belgium since
the MiddleAges.Architects and sculptors have been using
this stone since at least theé"@ntury

Buildings
Historical (with date of construction in brackets):

Cathedral of Funchal, Madeira {186.)
Collegiate church of Sainte-AMdru, Mons, Belgium
(interlaid with sandstone) (1516" c.)

e Other churches and private houses in Mons and region,
Belgium (18-19"c.)
Garden pavilion, parc d’ArentmgrEnghien, Belgium (17c.)
Castle of Sené#, Belgium, by the architect L.B. Dewez
(mid-18"¢.)

e Flooring, Panthéon, Paris, interlaid with French stones,
by architect Rondelet (beginning of16.)

e Galeries Royales Saint-Hubert, by architect Jean-Pierre
CluysenaerBrussels, Belgium (1846-1847)

e Palais du Gouverneur (neogothic), Liege, Belgium (1850)

e Saint Catherine’s church (Figure 4a), central Brussels,
Belgium, designed by Joseph Poelaert (1854)

e Palais du Cinquantenaire (Figure 4b) Brussels, Belgium
(1880)

e Palais du Centenaire, Brussels, Belgium (1930)

e Maison du Roi (Grand-Place), neogothic restoration,
Brussels, Belgium (1890)

e ManyArt Nouveau private houses, including that of
Victor Horta (UNESCO). Brussels, Belgium (1892-93)

e Pont de Fragnée, Liege, Belgium (for Universal
Exhibition of 1905)

e Entrance of Candllbert, Liege, Belgium (International
Exhibition of 1930)

e Art Deco town hall, Charleroi, Belgium, by the architects
J. Cézar & JAndré (1936) (interlaid with French
limestone)

Recent buildings
e ‘Amphithéatre de I'Europe’ at the University of Liege
(Sart-Tilman) (Figure 5)
e Brussels airport, Belgium
e Leipzig airport, Germany
e Belgium embassy in Berlin, Germany
e Belgium embassy iflokyo, Japan
e Chartres town centre, France
e Design centre, Saint-Etienne, France
e Factories Leblan Lafont, Lille, France
e GraniteTower, Paris, France
e Place d’Armesyalenciennes, France
e Liege-Guillemins railway station, Belgium (Figure 6)
e Maastricht station, Netherlands
e The Hague station, Netherlands
e The Hague town hall, Netherlands

And many newer comnagal buildings (e.g. Figw 7)

Figure 4. (a) Sainte-Catherine church, Brussels. 1854-1874 by archgeliseph Poelaert andnand Janssens. (b) Palais du
‘Cinquantenaire’ in Brussels and & ‘Arc de Tiomphe’, architect Charles Girault, 1905.
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Figures 5-8. (5) ‘Amphithéatre de I'Europeit the University of Liege (Sartilfnan), architect Daniel Dethier1996. (6) ‘Gare (ttion) des
Guillemins’ at Liége, architect Santiago Calatrava, 2009. (7) Petit Granit in facade of commercial building in central Brussels. (8) Mateo
Hernandez (Hernandez, 1954 the original: “Groupe de Chimpanzés, en granit noirNotice the misnomer in giving the nature of the
stone.

Sculptures Petit Granit has also been used widely in sculpture and the limestone contains a high percentagegafnic carbon. For
and architecture by a number of well-known artistee list this reason it is also called “coal lime”. One characteristic of this
is long, but included is a selection of some sculptors, startingrock is the smell it produces when broken or scratched due to the
with Mateo Hernandez (Figure 8), whose works appear in ahydrogen sulphide released, which explains the nickname “stink lime”.
dedicated museum in Béj@alamanca (Spain).

e Mateo Hernandez (Hernandez, 1950; Bernaldéarroel Conclusion

and Brasas Egido,1998; Bernalddiavroel, 2000 ) e . .
gido, ' ) Petit Granit fulfils all the requirements to be presented as candidate

e Kathe Kollwit i . . -

e Michel vat\)llldzers for designation as a GHSR, both for construction and artistic purposes,
. . but especially for its widespread use as a dimension stone for building

e Elise Delbrassinne exteriors

e Benoit Luyckx XIerors.

e Eugeéene Dodeigne

* Florence Freson Acknowledgements

e Félix Roulin . .

e Philippe Ongena This work was sponsored by the ERASMUS Intensive Programme
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e Tom Blatt
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program supports this publication. Brian Pratt is acknowledged for
Other characteristicsBecause the depositional environmentwas his review and useful comments on the paphke city council of
one of high watecolumn productivity which led to mostly reducing  Béjar is acknowledged for the support received in visiting Mateo

conditions in the sediment, sulphide minerals (pyrite) were createdHernandez museum.

Santiago Calatrava
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Lede $one is an impdant dimension stone with of Lede $one in the built environment and would invigorate the
major relevance for Belgian and Dutch cultural heritage. 'MPortance of ongoing production.

. . . Lede $one has long been used as a dimension stone for buildings,
Itis souced fom the Eocene (Lutetian) Lede Formation, artwork and other constructiorhe stone is closely associated with

mainly in the egion to the southeast of Ghentin Belgium. specific architectural styles and the socio-economic history of its
The oldest known use dates back to Roman tim#s. W source and application regions. It is strongly intertwined with the
the rise of Gothic arhitectue during the middle ages, charming appearance of several historical centres of cities such as

the use of Ledet@he inceased substantiallQuaries ~ CNeN Brussels, Bruges and many others. .
Despite existing active quarries, the introduction of alien stones

arose at .d'ﬁeent Iocat'0n§ at diffemnt t'mes-_ dday only s replacement can be seen as a threat to cultural heTitigs an
one active quaty remains, after a period of non- issue which has concerned specialists for more than a cahtogy
production during the Zbcentuy Current poduction be addressed by the recognition of Lettn8 as a heritage stone of
is mainly used forastoration purpose# major concern  nternational significance.

is the use of alien stones as a substitute for Lemie$h Geol q t h
cultural heritage estoration. In the light of the €ology and petograpny

establishment of the “Heritagedhe sk Goup”, this Lede $one is a sandy limestone quarried from the Lede Formation.
paper deals with eéquirements of its “&rms of The shallow marine sands from the Lede Formation were deposited

” : : during the Lutetian (Eocene) in a southern North Sea bight (Jacobs
Refeence” and illustrates the storsehatue, technical _
’ and Sevens, 1993; Jacobs and De Batist, 199®)se sands are

propetties, utilization and associated issues. It should jyierpreted as a stepwise transgressive deposit with correlative

contribute to the cultural appciation and pesewation unconformities overlying a ravinement surface. Some lithified
of this stone. horizons, commonly up to three, within these sands gave rise to the
natural building stone resource. Fobe and Spiers (1992) recognised 3
- facies types in the Lede Formatidimey describe the most important
Intr oduction Meldert facies as a shallow marine facies with storm depdsits.
facies includes the principal building stone resource (see below).
Lede Sone is an important historic building stone from deeper marine facies without storm beds is found to the north, where
northwestern Belgium. It combines the unique aesthetic quality of athese NNE-dipping layers are buried by younger Cenozoic sediments,
pale, workable sandy limestone with petrophysical values typical ofand to the west, where outcrops can be found in the hill flanks of
high-strength rockslhe stone represents a valuable part of the built some outliersThe third facies from the southernmost outcrop
cultural heritage of northern Belgium and the Netherlands. In therepresents more near shore depo3ite latter two facies are less

light of the recent establishment of the “Heritagen®Task Group” relevant as a stone resource.
(HSTG), this paper deals with the proposeérfiis of Reference” Lede Sone is mainly quarried between the Rivers Scheldt and
for Lede $one to be designated as “Global Heritags& Resource”. Dyle (Fobe, 1990), with its principal production centre to the southeast

Not only would this recognize the value of the Lettn8 in the built of Ghent (Figure 1). Its major resource location is the town of Balegem
heritage of northern Belgium and the Netherlands. Moreover (Oosterzele) and its surrounding communiti€kerefore, the
designation of LedetBne as Global Heritage@e Resource would  alternative name Balegentd®e is not uncommon. LedéoBe, on
be beneficial for conservation of geological outcrops, preservationthe other hand, is a more correct reference to its lithostratigraphical
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Figurel: Map with geographical locations mentioned in the
geological description. The main production centre is marked by

the shaded area.

a quartz fraction together with other detrital grains of glauconite and
carbonate allochems with a matrix/cement (FigureTBerefore it

has been classified either as a sandy limestone or as a calcareous
sandstone. Since the amount of carbonate exceeds 50 vol-% of the
rock, this rock can be preferably classified within carbonate rock
classifications. In general, it can be determined as an ‘arenaceous
sparry packstone’ (Dunham) or a ‘poorly washed sandy biosparite’
(Folk) or a ‘sandy allochem limestone’ (Mount). Given the natural
variability in the stone, more precise denomination is best provided
to individually assessed stone blocks.

The nature of the bioclasts indicates a shallow marine fainea.
most diagnostic fossils are the forflammulites variolariuand the
serpulidDitrupastrangulata Echinoderms, bivalves, gastropods and
shark teeth are the most common macrofossils, which are commonly
deposited as shell bedshe microfauna is predominantly milliolid
and textulariina foramd.he siliclastic composition is dominated by
a bimodal quartz population (up to 40 vol-%) of subangular very fine
sand fraction supplemented with rounded medium sized sand.
Glauconite is commonly present in 2-3 vol-A@cessory minerals
are feldspars, zircon, tourmaline, micas and opaque minerals (e.g.
pyrite).

Matrix may be present, but is sometimes washed ai@taxial
crust can occur around echinoderm fragments and not uncommonly

status, which was first described in Lede where there was also historiaround nummulitids. Cement is most commonly present, from fine
production. Some outliers of the Lede Formation occur in the hills tograined microsparite to coarse grained sparite in some cases, and is
the east and west of this region, as far as Cassel in France and eastrabstly rich in ironThere is no silicification.

Brussels. In the lattel.ede $one was quarried in undgound
galleries.

The porosity is mainly defined by ingganular and intragranular
porosity; however moldic porosity can considerably contribute to

Lede Sone is a mixed siliciclastic-carbonate rock, consisting of porosity and appearance.
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; : ; decorative element in combination with brick masoQuarries in
Historic pr oduction and use the area of Brussels remained important during tHe gl 18

The oldest evidence of quarrying and use of Led@aeSdates century but had disappeared by the™2@entury (Gulinck, 1949).
back to Roman timeércheological finds prove the mining and use By this time, Lede ®ne was being used for restoration, with only

of Lede $one around Balegem during th& and ¥ century Such limited use for new constructions, such as thé&er Railway
records are considered at the Provinsiaheological Museum @) station in Ghent. In the area of Balegem, production ceased and by
in Velzeke (Nijs, 1990). Since th&é"century Lede $one has been  beginning of the 20 century the last quarry closed in Bambrugge
quarried and used for g&r constructiong-he production of ‘white’, (Figure 3).

workable Lede ®ne benefited from the engémg Gothic architecture. The production of such lge volumes of Ledet8ne was and

Many production sites arose atfdient towns during the Middle  remains dependent on quarrying at many locations with only limited
Ages (De Smeéet al, 2003).These were exploited by the abbeys, volumes of stone being sourced from the subsurfetts.contrasts
stonemasons or private ownerhie Abbey ofAffigem was one of ~ with many other natural resources, where quarries produge lar
the first commercial producers in the™and 13 century; they volumes from one location.

probably exported stones to the Netherlands and Germany (Groessens,

2011). Nearby quarrying delivered stone for constructioné\aist, Contemporary availability and issues
Gent andAntwerp.

By the beginning of the Mcentury Lede ®ne was sought by In 1966, Verlee BVBA started to produce LeddoBe as by-
architects for prestigious buildingsichitect Jan van Haelst ordered product from a sandpit in Balegem. In 20Balegro BVBAtook
the stone fronvlierzele for the building of the Belfry and Blichael's over the sand pit and the associated stock of LexteeSProduction

Church in Ghent (& der Kelen, 1996; De Smet al, 2003) and continues today and LeddoBe remains available for restoration
architect PeteAppelmans, working on the Our LagdyCathedral of = works. Howeverbecause of low quantjtgiverse stones have been

Antwerp visited the quarries owned by tAbbey of Affligem imported as replacement material for Leden®, both in Belgium
(Groessens, 20]. (De Kocket al, 2014) and in the Netherlands (Questal, 2013).

It is impossible to determine the production rate or total volume. This was already an issue more than hundred years ago, as a
The total volume of Ledet8ne for constructing the Txentury $ consequence of the actions of architects Mortier in Belgiunvand

Walbuiga Church in Oudenaarde amount&88.m?3 (\an der Kelen, der Veen in the Netherlands (Quist and Nijland, 2013). Martier
1996).A small recalculation demonstrates that this is equivalent to achaged with the restoration of the “House of the Free Boatsmen”,
quarry pit with a surface area of more than 1000 m2, assuming anvestigated the resources in an abandoned quarry wall in Balegem
useable total thickness of 1 m for the typical occurrence of three stonéMortier, 1898).Van deVeen often travelled to Belgium to purchase
banksThe total surface over which stone has been quarried over thé.ede $one from the remaining quarry in Bambrugge or utilised stone
centuries must therefore be reasonably high. recovered from the demolition of buildings in Belgium for restoration
During the 18 centurythe centre of gravity of quarry production  in the Netherlands (Quist and Nijland, 2013). By the end of tie 20
shifted towards Balegem (De Snetal, 2003).The “House of the century replacement of Ledet@e in monuments was so drastic,
Free Boatsmen” and the “Guildhouse of the Bricklayers” in Ghent that architect Breda described the use of dissimilar foreign stones in
are magnificent examples of late Gothic constructions in stone froma metaphor as a disease (Breda, 205k awareness suggests that
Balegem. the use of authentic materials is not only beneficial for aesthetic
Since the 1¥ century Lede $one was increasingly used as a purposes, but also for stone compatibility and durability

A Ve ¥, a2 il

Figure 3: (A) Occurrence of LedetBne as discrete stone banks (arrow) in Balegem quarry in 2010. (B) Rermsrafrguarry pit
in Bambrugge Arrow indicates remnargtock.
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: ; ; ; ; recently at Ghent University on the demand of and delivered to the
Technical publications and illustrations Balegro BVBAcompany (#ble 1)

More technical information about Ledao®e has been A non-exhaustive illustrative list of LedéoSe in buildings can
incorporated in several professional magazines and books publishebe found at http://wwvelgiumviewcom. An illustration of Lede
in Belgium and the Netherlandghese works also illustrate its use in ~ Stone as building stone in a historic building in Belgium (Fig. 4),
some prominent building8mong the most leading publications have historic bas-relief (Fig. 5), modern house (Fig. 6), modern sculpture
been Berendst al, 1982; van Heest al, 2005; Cnuddet al, 2009 (Fig. 7) and as building stone in a historic buildinglee Netherlands
and Dusaret al, 2009. New technical tests have been performed (Fig. 8) is provided in this paper

o kil % 3 E L e

Figures 4-8. (4) $Bavos Cathedral (Ghent) with Ledet&e and other white stone types such as Brussels stone, Gotgert$one and
Euville Sone. (5) Bas-relief in LedetBne above the entrance of the House of the Free Boagn (Ghent). (6) Modern house in Led&oSe
(Leeuwerikstraat, Zottegem). (7) Sculpture ‘De Schepenbiiiefede $one in Dikkelvenne; monument for a charter from 1249: ‘Schepenbrief
van Bochoute’. (8) City Hall ¥ere (the Netherlands), built by the end of.&entury with masonry in Ledet8ne.
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Table 1: GHSR Nomination/Cétion requiremens

Formal Name

Lede Sone

Other Names
Historical
Regional

witten ordu(y)n
Balegem ®ne, Dender 8ne Afflig(h)em Sone, Houtem ®ne

Place of Origin

northwestern Belgium

Resource location

Principal Balegem (Oosterzele) and surrounding communities
Secondary undeground in and around Brussels
Quarrying Since 1th/12th century by stone masons and abbeys, mainly in open air except for Brussels.

Since 1966 at Balegem in open air sand pit, befoiéeblge BVBA, nowadays by Balegro BVBA

Heritage issues

No outcrops or quarries are currently protected or preserved. Some legacy of old quarrying can be

seen in the landscape, although alwaysgresvn. The holostratotype was defined by Mourlon
(1887) in the Balegem sandpit, but is no longer visible. Many buildings in ltede 8re listed

as cultural heritage. LedédBe is also prominent in the Grand Place of Brussels, which is inscr
by UNESCOWorld Heritage.

bed

Petrographic Name

Sparry arenaceous packstone (Dunham), Poorly washed sandy biosparite (Folk), Sandy allg
limestone (Mount)

chem

Colour

Greenish-gray or yellowish-gray in reducing conditions, yellow-brown to orange or ochre in
oxidizing conditions

Natural variability

From compact and low-porous to coarse moldic high-porous; hifgradites in concentrated
fossil content

Suitability

Durable dimension stone, used for ashlars and for sculpting

Sratigraphy

LedeSone belongs lithostrati-graphically to Lede Formation, which is of Eocene (middleLutetian)

age, nannofossil zone NP15b

Commercial designations

Only one commercial stone type. Distinctions are sometimes made for shell beds and associzg
with elevated porosity called ‘lumachelles’. Historical designations can refer to the quarry loca

ted stone
tion.

Physical properties (Mean)
Appaent density
(NBN EN 1936:1999)
Open Poosity
(NBN EN 1936:1999)
Mean Saturation coefficien
Capillary absorption
coefficient
(NBN EN 1925:1999)
Compessive sength
(NBN EN 1926:1999)
Flexural stength
(NBN EN 12372:1999)
Ultrasound velocity
(NBN EN 14579:2004)
Abrasion esistance
(NBN EN 1341:2001)
Frost esistance
(NBN EN 12371:2010)

t

2448 + 29 kg/m3
8,27 + 1,09 vol.%
0,75 + 0,07

11,98 + 4,07 g/(m2vs)
48,4 + 12,6 Mpa
17,6 = 3,9 Mpa

4359 £ 41 m/s
19,00 + 1,19 mm

Nc 168

Vulnerability &
maintenance of supply

Lede Sone is suitable for use as dimension stone and is only produced at Balegem, Belgium.
Supply issues result from the limitations of quarry sites and the need for new resource extract
locations given competition with residential expansion and nature conservatiormasascurrence
of Lede $one as discrete stone banks results in a relatively low quarry produdigienef;.

ion

oth

Historic use: Lede Sone has been used since Roman times and has been utilised extensively sittbecgry
in Belgium andrhe Netherlands. Leded®e has been used for major architectural buildings in b
countries. Since the end of the 20th centitsyresources mainly supply restoration projects.

lllustrations:

Belgium Saint-Bavo Cathedral (Ghent); Betets Abbey (Ghent); 8Martinus Church (Aalst)

The Netherlands

City Hall (Veere); &Lievensmonstefower (Zierikzee); Church of Our Lady (Breda);
City Hall (Hulst)
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The Iberian Peninsula is, nowadays, the main
producer of roofing slate of the world. Most of the
outcropsarelocated inthe NW of the Iberian Peninsula,
in the regions of Galicia, Leon, and in Portugal. The
technique of working and roofing with slate was brought
from Flanders by King Felipe Il by the second half of
the XVI century. The most representative building from
this period is the Monastery of El Escorial, N Madrid.
However, the Spanish slate industry remained incipient
until the 1960s, when Galicia and Leon suffered an
accelerated industrialization process which greatly
enhanced the volume of production. Additionally, the
Portuguese slate industry was well developed by the
second half of the XIX century. Most of the Portuguese
production was exported, mainly to the United Kingdom.
By the second half of the XX century, the Spanish, and
in alesser extent, the Portuguese roofing slate spread
all over Europe, forcing most of the existing European
quarries to close. Nowadays, different varieties of
roofing slates are quarried, mainly in Spain, being used
indistinctly in new residential construction and for
restoration of historical buildings. The main importing
countriesare France, Germany and the United Kingdom.
Thiswork presents an overview of the history and main
varietiesof the I berian roofing slate, in order to propose
itsinclusion as a Global Heritage Sone Province.

I ntroduction

located betweeNaldeorras, La Bafia and El Bierzo, located in the
South-East of Orense and the NortledtVof Leon, in the NWbf
Spain. Howeverthere are other important outcrops outside this area
which played an important role as slate source areas in the past,
creating a local economic motor for the populatihus, Iberian
slate lithotects can be divided into 12 districts, following historical
and geographic criteria (Fig. Z)his division is widely used today in

the slate sector (Cardenes et al., 2008).
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Figure 1.World’s exporations of roofing slate for the period 1967-
2013. Daa: UNSTATS, United Nations Comtrade

Checklist for Global Heritage Stone
Province (GHSP) citation
Historic use and geography

The first uses of slate in the Iberian Peninsula can be found during
the Chalcolithic period, as material for making arrow heads and similar
tools (Fabregas, 2008) at the archeological outcrofraifazos de
Aliste (Zamora). Lateduring theVI-VII centuries, slate is used as a

Roofing slate is the commercial term for a wide variety of rocks writing base for the so-called #8igothic numeral slates” (Cordero

that have in common their ability to be split into thingkaand plane

and Martin, 2012) in the area of Montijo, Badajoz. In both

tiles. The metamorphic degree of the Iberian roofing slates rangesarcheological sites, the slates documented come from actual roofing

from the greenschist to the amphibolite facies. Nowadays, tieskar

slate districts. Slate was used over the centuries by the inhabitants

roofing slate outcrops over the world are located in the Iberianfrom settlements close to the outcrops. Howetrex modern slate
Peninsula, which produces about 60% of the slate tiles sold in théndustry in the Iberian Peninsula begins during the XIX century

world (Fig. 1). Howevetthere are also other countries with important

slate outcrops like Brazil and China.

Portugal

Most of the Spanish slates come from the Ordovician terrains of

theTruchas Syncline (Martinez Cataléan et al., 1992), a macro structure

Episodes \ol. 38, no. 2
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Los Oscos (4) only its own slate. In the 5§ the slate
business stiéred a deep restructuration,
diversifying the offer and focusing in other
slate products. Nowadays, the Portuguese
slate industryled by the companiereira
Gomes & Carvalho, Lda., is highly
Valdeorras (5) Y -8 Gijon - . mechanized, with an average production of

= - “~—~~"] 7.000 ton/yearof which 80% is exported.
East of Valongothe slate district of
Aroucacan be foun@he quarries, reopened
in 1990, are much smallewith a reduced
production. Howeverthe great value for
these quarries is not the slate itself, but the
exceptional trilobite outcrop (Gutiérrez-
Marco et al., 2009).

© Madrid Spain

s COImt“Wa During the Spanish Renaissance, the
/ urban architecture experienced a growth that
/ brought an extensive use of roofing slate.
e The milestone for this slate development
was 1559, when King Felipe Il ordered to

La Cabrera (7)

Salamanca

Valongo (11) ’ % build “with slate coversand in the sameway
\“";\%/ w asin Flanders’ (Nieto et al., 2001). King
L Hercynian Massif Zones Felipe Il was very influenced by the
|| Cantabrian Zone architecture of Central Europe, since his
B Astur-Leonesa Zone father Emperor Carlo¥, abdicated several
| ) territories to him, among which were the
Arouca (12) .y Il Central Iberian Zone Netherlands. Qualified Flemish slate roofers
e [ Galicia - Tras Os Montes Zone | were sent to Spain to teach the slate roofing
B Ossa Morena Zone techniquesThe maximum exponent was
_ obtained with the construction in the 16th
! ERENON | B South-Portuguese Zone century of the Royal Monastery of San
. AQ Slate districts Lorenzo de EIl Escorial (known as El
® Cities Escorial), about 45 km North of Madrid,

one of the most important buildings in the
Spanish Heritage and sepulcher of the
Figure 2. Location of the slate quarries on the Iberian Peninsula and disticlassification. Spanish KingsThe slate supplied for this
construction was quarried at Bernardos
development of the slate industry was done on their first stages bySegovia), located about 75 kilometers North of San Lorenzo de El
Englishmen.The modern slate mining began in 1865, with the Escorial.The outcrops were seized by order of the King in order to

foundation in the region ofalongo of the English comparfkhe secure the supply of slates. During the Spanish Baroque period, the
Vallongo Sate & Marble Quarries (Santos de Oliveira, 1997The use of slate consolidated.
English company owned the mines in Galinheiro, Cardo¥&e At the same time, the mining industry developed in order to satisfy

de Amores and Susdo.In 1874, these slates were appointed as ththe demands of the building industBernardos quarries provided
main supplier of the Royal HousAt the end of the 1&entury the most of the slates needed for the construction, sincéalueorras
company exported over 40 tons of slate fedént countries such as  andVillar del Rey outcrops were still not exploited to their fullest
Brazil, Russia, and Denmark and mostly to Great Britain, and it potential. At that time, in the second half of the 16th century
employedover 500 workeré&s new applications (billiard tables, Valdeorras was rather isolated from the rest of Spie. first
pavements, chimneys, etc.) for the slate were created, the industrgnentioning of slate quarrying Waldeorras is found in the 18th century
increased. In 1930heVallongo Sate& MarbleQuarriesis absorbed (GarciaTato, 1994)The firstValdeorras slate quarries were located
by the new companimpresa das Lousas de Valongo SA. The new along the valley of the Casaio riv&hese quarries were worked only
company reached up to 1.600 workers, but in 1939, the beginning oby locals.There was no machinergnd the mining labors had to be
WWII marks a negative point of inflexion for the slate business (Santosdone only usindlood power, or the strength of men and animals.
de Oliveira, 1997). During the years of the yifae business decreased This task was especially hard since most of the outcrops were located
dramatically since most of the production was exported to the UK. in mountain areas, with altitudes over 1800 m.

Neither after the war the exportations recovered, since national The slate fronvaldeorras was only used locally until the beginning
governments protected their local industriesBus, UK consumed  of the 20th centurywhen an English companZantabrian Slate
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Figure 3. The beginning of the modern slate industry imNdeorras. (A) Splitting of a slate block just in the middle of the mainvalley

of Casaio. Photograph courtesy of Manuel Fernandez, Casaio. (B) Load of tiles directly in a truck. Photograph courtesy of Pizarras
SAMACA, S.A.. This method caused many tiles to broke before arriving to destiny

Quarries Ltd, opened a quarry in Congosto, located in El Bierzo, thePortugal bordeisome British-Portuguese investors saw the potential
neighboring region t¥aldeorras, also located in fheichas Syncline.  of the outcrops and opened the first quarries. On the other hand, the
However the lack of experience made this company to exploit one ofgreen phyllites fronTerra Cha never had been quarried since a slate
the poorest outcrops of Northern Spain and finally they were forcedcompany with Italian and Spanish foundihBIGA) opened the first
to close in 1931 (The London Gazete, 07/31/1931). It took severalquarries during the 6§!
years before they tried again to exploit slates from these #teas. During the 708, the sector consolidated and the first cooperative
thistime French technicians prospected the area and discovered theocieties were formedP{zarras SAMACA and Cupire Padesa,
high resources potential. In the §0an accelerated industrialization nowadays name@UPA PIZARRAS). Today these two companies
process took place in these areas. French, and later Germans, usatk still the leading companies of the world slate produciibe.
their know-how in the manufacturing of slate tiles, especially in Spanish slate irrupted in the European market, especially in France
dimensioning the tiles following their own templates. Before that, helped by the strikes of the French slate workers of the late 70’
slates were cut without following any normalized template, so each  In the 805, first pneumatic cuters were introduced and the
piece had dferent dimensionsWith the introduction of hand dies  legislation of the dumps began. Before that they were dumped without
that could dimension the tile into regular shapes in seconds, thegjovernmental criteria, only using the quarrymen criteria. In thg 90’
production increased in quality and quantfiis industrialization the sector was shaken by numerous strikes that lasted for several
process was also favored by the rupture of the agrarian communitiemonths, making the situation very hard for both workers and owners.
due to the emigration (San Roman Rodriguez, 2000). Howthneer  During the second half of this decade and the first half of the 21st
new promising slate industry reverted the emigration tendency in someentury the exportations increased continuosly year after yoa
areas (Fig. 3A)Tools used at that time were the same as for agriculture.period was the most profitful for the slate indusEally, in 2008

In 1962, an engine of a dismantled truck was the first compressothe global crisis began to hit hard in the secteading many
to be working in th&/aldeorras slate industry and the first mechanical companies to close and putting the rest in a veficdif situation.
shovel arrived at the end of that decade. Black gunpowder cardtrigeblowadays, several slate districts have closed their quarriker (V
were stuck by hand in order to pull out the big blocks of slate(Garciadel Rey Terra ChaAliste, El Caurel, La Cabrera) and many others
Tato, 1994)This process caused a high number of cracks in the blocksare threatened by the current economicalcrisis.
but continued to be used until the early Q0vhen the Italian Compared to Portugal, the Spanish slate industry was developed
technology of diamond wire saw allowed to increase enormeouslymuch laterand with a considerably lower degree of industrialization.
the explotation ratio of the slate outcrophis technology brought =~ However the Spanish outcrops are much bigger than the Portuguese,
also a secondary advantage for geologists and engineers. Because nowadays Spain is leading the slate sdmtibivith some challenges
now it became possible to clearly see the relationships between thaeeded to face gently, like the competition with the enging
main structures in the slate, sedimentatigwe3sus slaty cleavage countries such as Brazil and China, and the neccesary restructuring
S, and they better understood the regional geology of the sectqrthat still sufers from some handicaps inherited from

Transportation was done by lorries to the port or directly to the the past.
warehousesThe slates were stuck inside two types of crates]
crates or ship crates, depending on the method of transportation. Formal Name for this proposed GHSP
Sometimes tiles were directly stuck on the truck (Fig. 3B). Nowadays, Iberian slate province
only ship cratesare used, because they are more solid and appropiate
for the sucessive changes of transportation, up to 12 times a crat®rigin of name
might sufer before arriving to its destination. In these years, the slate  Roofing slates from the Iberian Peninsula
industry inVillar del Rey (Badajoz, Fig 1-10) afiérra Cha (Lugo,
Fig 1-2) took its first steps. Millar del Rey slates had been used for Other names
construction for at least 300 years. Due to its proximity with the None
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Area of occurrence

1.

2.

Table 1. Geological settings of the slate dissiftom the Iberian Peninsula

Spanish Provinces df Corufia, Lugo, Ourense and Leon, in Slate districts | Formations / Geological structurége
NW Spain, Senga, ce;lter of Spal?’ and Badajoz,l SW Spain 1 | Monte Rande | Luarca slatesW of the Ollo de Sapo
Portuguese provinces Afouca andvalong, N Portugal. Anticlinorium / Upper Ordovician
List of constituent GHSP designations that are included within this 2 | Terra Cha Candana SIat_eS / Mondofiegbrust /
. . Lower Cambrian
designated Province _
As pointed before, there are 12 slate districts in the Iberian| 3 | Caurel Luarca slates Truchas Syncline /
Peninsula (Fig. 2): Middle Ordovician
4 | Los Oscos Luarca slates / Mondofeddrust and
Monte Rande slate, Ortigueira ArCorufia. Dark-grey slate. NarceaAnticlinorium / Middle Ordovician
Two active quarries at this moment. 5 | Valdeorras Luarca slates, Casaio, Rozadais and Losadilla
Terra Cha phyllite, Pol, in Lugo. Light-green phyllite with formations /Truchas Syncline / Ordovician
abundant pyrite cubes. No active quarry at this moment. 6 | Alto Bierzo Luarca slates Truchas Syncline / Ordovician
El _Cgurel, Quiroga, in Qur_ense. nght-grey slat_e with charac- 7 | LaCabrera- | Luarca slates, Casaio, Rozadais and Losad|lla
teristic crystals of chlorltqld. Not wgrklng at this moment. . La Bafia formations /Truchas Syncline / Ordovician
Los Oscos, Fonsagrada, in Lugo. Light-grey slate. One activ — ” -
quarry Riofrio Luarca slatesAlcafiices Syncline
Valdeorrasy in Ourens@hls dlstrlct |S the |gest one,of a”, 9 Bernardos Santa MariaBeds / Santa Maria la Real Massif /
with more than 50 quarries. Slates fragaideorras range from Precambrian
dark to light grey colors. Several varieties can be recognized| 10 | Villar del Rey | GevoraUnit/ San Mamed - La Codosera
(IGME, 1991): Synclinorium / Devonian
a. Casaio 11 | Valongo Valongo slatesYalongo Syncline / Middle
b. Castafieiro Ordovician
¢. Mormeau 12 | Arouca Valongo slatesYalongo Syncline / Middle
d. Rozadais Ordovician
e. Los Molinos
f. Domiz From a stratigraphic point of viethe productive formations
g. Vianzola are as follows (Cardenes et al., 2013):
h. PenedoRayado e Santa Maria Beds, from the Santa Maria la Real Massif
i. SanVicente (Alvarez, 1982), belonging in turn to the Schists Greywacke
j. Forna Complex. Quarries are located to the North of Madrid, in the

10.

11.
12.

Alto Bierzo, Laciana, in Leon. Light-grey slates, no quarry
working at this time.
La Cabrera, in LeorThis is the second district in order of
importance, with about 20 quarries workifgese slates are
mainly greyishAs forValdeorras, there are several varieties:

a. San Pedro d&rones

b. Benuza

c. LaBafa

d. Odollo

. Aliste, Bercianos daliste, in Leon. Dark-grey slate, no quarry

working at this time.

Bernardos, in Segovia, N Madrid. Light grey phyllifEsere
are two quarries, owned by the same comptirat are still
working.

Villar del Rey in Badajoz. Dark slate with abundant iron
sulphides and ganic mattemo quarry working at this time.
Valongo, Portugal. Light grey slate, two active mines.
Arouca, Portugal. Dark slate, one active quarry

List of other known constituent herdtge stone types

No other significative heritage stones are quarried in this proposed

GHSP

Geological setting

The proposed GHSP is located at the Hercynian terrains of the
Iberian Peninsula (Fig. 2). Most of the slate outcrops can be found

on Ordovician terrains @ble 1, Fig. 4).

province of Segovialhe slates are slightly sandyreenish-
grey colored, with numerous sandstone and quartzite levels,
more abundant to the top and bottom of the stratigraphic
section.These are the roofing slates of the Iberian Peninsula
which present the highest metamorphic grade, reaching the
biotite isograde.

Formation Candana Green Slates (Compte, 1959), from the
Group Middle Candandlhese are green slates and schists
with abundant carbonates and centimetric cubic crystals of
pyrite. The characteristic mineral for these slates is clinochlore,
which gives them the green cal@utcrops are located in the
province of Lugo, N Spain, in MondofiedoThrust Domain.
These slates have a low fissility grade, being used mostly for
flooring.

Luarca Slates Formation (Barrois, 1882) is thgdat roofing
slate lithotect in the Iberian Peninsula. Main outcrops are found
in the Truchas Synclinorium (Fig. 5)and ElI Caurel Domain
(Marcos, 1973), covering the provinces of Lugo, Orense and
Leon. It consists of a monotonous sequence of black slates
with thin sandy levelsTo the bottom and top of the
stratigraphic section there are volcano-sedimentary levels, and
to the middle part there is an iron nodule level, which in some
localities have been quarriethe slate is black, fine grained,
with abundant iron sulfides to the top. In the slates from El
Caurel Domain is usual to find chloritoid well developed,
visible with naked eye. In N Portugal, the equivalent lithotect
is theValongo Slates Formation (Romano and Diggens, 1974).
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Figure 4. Sratigraphic column for the Iberian Peninsula slate varieties.

SILURIAN Ampelites

Losadilla Formation
Upper Rozadais Formation
Casaio Formation

Luarca Slates

ORDOVICIAN

Armorican Quartzite

Q Slate quarry

Figure 5. Geological map of therlichas Syncline, with the main slate outcrops represented. Modified from Heredia et al., unpublished.
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Figure 6. Slate production by Formations. Dafrom UNSTATS, United Nations Comtrade,
2009.

Unifying characteristics of this province

The proposed GHSP comprises the
roofing slates from the Iberian Peninsula.
By definition, roofing slates are a fine
grained group of stones which have the
ability to be split into thin, plane and ¢gr
tiles. In the Iberian Peninsula two types
of rocks agree with these conditions, slates
s.s. and phyllites (Arkai et al., 2007).
Technical characteristics of these rocks are
very similar As a general condition, they
fulfill the requirements of the European
Norm for roofing slates EN 12326 (AEN/

¢ Casaio, Rozadais and Losadilla formations (Barros, 1989) for ~ CTN_22, 201). The main characteristics that together form a

theTruchas Syncline Domain, aAdueira Formation (Marcos, good slate tile are mineralogy and geochemistry (weatherability)
1973), outside the Syncline. Casaio Formation consists of light ~ and petrographic texture (fissility).
grey slate, with coarse detritic lithologies and iron sulfides. Iberian roofing slates are very uniform in mineralogith three

Most of the quarries are placed in this formation. Rozadais ~ main minerals (quartz, mica and chlorites, Fig. 7) and some
Formation has predominance of slaty terms, with some accessories like chloritoid, iron sulphides, carbonatemnic
quartzite intercalations, and fragments of limestone and matter rutile and tourmaline.
sandstone to the tog:hese pelite fragments (pelites a Regarding to the geochemisttiye elemental composition of the
fragments) can be recognized in other localities of the Europeaniberian slates is rather homogeneous (FigT8g average values
Hercynian chain. FinallyLosadilla Formation, the less and standard deviation (in brackets) for the major elements aye SiO
productive, is represented by light grey slates with sandy 56.03(3.35) Al,O,;: 22.09 (1.97), F®.: 8.06 (1.33), MnO: 0.09
laminations, with high quartz content. (0.03), MgO: 2.37 (0.52), Ca0: 0.44 (0.23),,8a1.29 (0.73), KO:
¢ Gévora Unit (Santos-Garcia and Casas, 1979), in the southerd.05 (0.73),TiO,:1.15 (0.22), FO,: 0.16 (0.16).
area of the Central Iberian Zone, in the province of Badajoz. From a petrographic point of viewhe texture of the slates is
The outcrops are located in the La Codosera-Puebla de Obanduery characteristic, lepidoblastic or porfiro-lepidoblastic (FigTB)s
Synclinorium.These slates are black, medium grained, texture always shows a penetrative slaty cleavage, with clear
homogeneous, with abundant inclusions of cubic pyrite and alignments of the clast3here is a special requirement of the EN
organic matter 12326 for roofing slates regarding to petrograptimat is the
calculation of the Micatacking Index (MSI)This index calculates
The main, by famproductive formation is the Luarca Slates, from the density and thickness of the mica levels that form the slaty cleavage
Middle Ordovician (Barrois, 1882), mainly quarried atThechas planes, and it is related with the fissility(Cardenes et al., 2010).

Syncline (Catalan et al., 1992). Other Ordovician formations
(Casaio, Rozadais and Losadilla) are quarried afTtbehas
Syncline, with a considerable volume of production (Fig. 6).
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Figure 7. Triangular diagram for the three main mineral ‘ , - % : © =
componens. The shadowed area repressithe average values for S0, ALO, Fe.0, MnO MgO Ca0 NaO KO TO, PO,
Iberian roofing slates. Figure 8. Major elemerg composition for Iberian roofing slates.
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microscopic textures for Iberian roofing slates. (A) Lepidoblastic texture, Luarca Slates Formaiideoivas.

(B) Porphyro-lepidoblastic texture, Rozadais Formatioral¥feorras. Both microphotographaken with parallel nichols, 200x magnification.

Natural variation of geology within this province
The geology of the diérent areas that form the proposed province
falls within the Hercynian of the Iberian Peninsula. Howgaikr

these areas have some important geological features in common.

All of them are located in the Hercynian terrains of the Iberian

Peninsula, showing none or very slight deformation; otherwise it

would be impossible to obtain regular til@he metamorphic

range is rather short, from 200 to 400 °C of temperature and 20

to 40 MPa of pressur@&he original sediments were in all cases
pelites (Cardenes et al., 2013).

Vulnerability

There are enough reservoirs in all the districts, with the exception

of the district of Bernardodhis district has been quarried from

more than 500 years, and now it is close to its exhaustion.

However there is always the possibility to continue the works by

opening a mine, like in other countries (France, Germany) that

have been quarrying slate for hundreds of yddris. option has

been taken into account by several companies in Bernardos but

also in other districts, such ¥sldeorras and La Bafia. In case

there would be needed substituting slate from a heritage building
with a different source slate, a protocol of acting has been

developed (Céardenes et al., 2014; Prieto et al1)2@dking into
account the mineralogy and aesthetics of the slate.
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Figure 10. Average values for bending strength (right) for both

-a* (green)

Construction

Nowadays, about 80% of recent buildings in Europe with slate
covershave Iberian sla#&lso, many buildings from the European
heritage have been restored with Iberian slate, or still keep the
original slate, as in the case for El Escorial Palace in Spain.
Technical and aesthetic characteristics for Iberian roofing slates
are very similarThe tests needed for commercializing, according
to EN 12326, are bending strength (calculated in both longitudinal
and transverse orientations respect of the tile), water absorption
(Fig. 10), freeze-thaw resistance, oxidizability by thermal cycling
and petrographic characterizatidiis set of tests is focused on
the requirements of a roofing material. From a durability point of
view, roofing slates can befatted by two main pathologies,
oxidation and gypsificationThe oxidation is the result of the
weathering of the iron sulphides (mainly pyrite and pyrrhotite)
that the slate may content, while gypsification is the transformation
of the carbonates to gypsuffhe relative abundances of the
potentially harmful minerals are between 0 and 4% for iron
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longitudinal and transverse orie@tions. On the lef average values
for water absorption. Dat from the Technological Center of Slate,
Sobradelo de &ldeorras, Spain.
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Figure 11.CIELAB color space: represeation of the area in which

the chromatic parameters: a*, b*, C*ab and hab of the slates studied
are included. Shaded area corresponds to the average coordinates
for Spanish roofing slates.
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Figure 12. Some of the most impaurtt represerdtive Iberian slate quarries, together with emblematic buildings made with their skate:
Quarry from Bernardos, Segovia, Spain.Image: Pizarras J. Bernardos. B. Royal Monastery of San Lorenzo de El Escorial (1563-1584),
Spain, one of the most impat buildings in Spanish Heriige constructed by and for King Felipe Il, originally covered with slate from
Bernardos. C. Quarry for the varietyérde Pol, in Lugo, Spain. D. Shizouka Convention aAds Center (1999), Shizouka, Japan, made
with Verde Pol Photo: IPISA. E. Quarry from Los Molinos, Ourense, Spain. Image: Google map®egce Palace (1907 — 1913), The
Hague, The Netherlands, place for the International Court of Justice, slate from Los Molinos quianage: CUR Pizarras.

sulphides and between 0 and 2% for carbonates. e Shizouka Convention amtts Center (1999), Japan.
Regarding to aesthetics, slates have colors ranging from black e Royal Monastery of San Lorenzo de El Escorial (1584),
dark to light greywith the exception of the phyllites from Lugo, Madrid, Spain.
that are light green (Fig1) e Royal Mint House (1580), Segovia, Spain.
Some examples of representative buildings (Fig. 12) made with e Palace of Cardenal Espinosa (1572), Segovia.
Iberian roofing slate are: e Santa Cruz Palace (1629-1643), Madrid, Spain.
e The Peace Palace (1907-1913)¢ HagueThe Netherlands. e Parish church of Santa Barbara (former Royal Monastery of
e Merlemont Castle (17 century),Val d’Hermeton, La Visitacién, 1757), Madrid, Spain.

Philippeville, Belgium.
° Bgeleq Cgstlg (#7century) Welkenraedt, Belgium. Conclusions
e  Mitsubishi Ichigokan Museum éfrts (1864),Tokyo, Japan.
e Church Notre Dame, Laeken, Brussels, Belgium (1854). The Iberian Peninsula is, nowadays, the main producer of roofing
e Kerfily Castle (1858-1863), Elven, Morbihan, France. slates of the worldAs pointed before, about 80% of the wosld’
e Pontevedrauditorium, Spain. production comes from the Iberian Peninsula. Roofing slates from
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Alpedeete granite is a monzogranite quigd in the approximately 45 km north of Spastapital cityThis was the stone
Sierra de Guadarrar@panish Central System) foothills most frequently chosen for Madridbuilt heritage due to the abun-

. . . . dance and quality of the material and proximity of the quarries (Fort
in and aoundAlpedete, in the povince of Madrid, etal., 2013). lts role in the cityheritage, along with its petrography

Spain. Used as a building material since the Neolithic, petrophysics, mechanical and aesthetic properties and durability make
it is one of the mosepresentative of heritage granites this granite a worthy nominee for the Global Heritags& Resource
of Madrid. (GHSR, Coopgr2010; Cooper et al., 2013a) designatidre present

Alpedrete and the supunding egion ae account of the history and usagé\tfedrete granite and its traditional

. . and modern quarries aims to establish its distinctive identity
characterised by a quaying cultue that has been This paper discusses the characteristics and legatye(T) of
maintained for centuries. Theea is stewn with historic  the stone in stitient detail for GHSR assessment by the Heritage
quarries, along with the one psently in operation. StoneTask Group (HSTG) Board, as specified in Task Groups
Traditional stone cutters who pduce hand-finished Terms of Reference. HSTG establishment is narrated by Cooper et al.

. . . (2013b).Alpedrete granite might be regarded as the first of several
granite ashlars a still to be found, while others use dimension stones that could contribute to Biedra Beroquefia

more modern techniques to achieve new types Ofegions designation as a “Global Heritagei$e Province”.
products. Alpedrete granite, a grey stone that may contain microgranular

Repesentative monuments including Royal Palacemafic nodules (laseca et al., 1998), has left its imprint on Madsid’

of Marid, Alcala Gate and the National Librgiowe their architectural personality and forms part of most of the<hiyildings
: : . and streets.

good conseration state lagely to the petphysical
prqpenles gnd durablllty.oAIpedlete gramtg. In addIFIO!’l Criteria for GHSR recognition
to its use in a substantial number of heritage buildings
in Madrid, this stone is also found in most of the sity’ The following description oAlpedrete granite addresses all the
housing ;eran furnitee and cobble-stoned sets and features required of GHSR nominations (Cooper et al., 2013a; Hughes

] . etal., 2013).
nearly all the ural architectue in theAlpedete aea. The importance of granite in the villages aroafmedrete (Figure
This paper discusses the pdtgical and pet- 2) is mirrored in the stone-related etymology of some of their

physical popetties of Alpedete granite, as well as its toponyms. Examples afdpedeteitself (stone in Spanish pgedra)
durability, historic use and quaes, in suppar of its and Berrocal (in Spanish, an outcrop of granite boulders), names

ination for the “Global . N such asMoralzarzal are based on the pre-Roman rowisr(r) or
nomination for the “Global Heritaget@ne Resowe mur(r), meaning a pile of ston€hese and other villages made stone

designation. quarrying their way of life: for centuries with the aseatonomic
activity revolving around granite quarrying, hewing and transport.
Intr OdUCtiOﬂ This long quarrying tradition led to the founding of many small

historic, family-run quarries (Figure 3A) where the trade was and
The granite in Madrid Siera de Guadarama, traditionally still is deeply rootedThe many monuments to the quarryman also
commercialised under the narRéedra Beroquefia has been the  attest to the determination to keep stone quarrying traditions alive
building stone most widely used in central Spain throughout the (Figure 3B).
region’s history Specifically a Carboniferous (302 M.a) i{Mseca Alpedrete granite is regarded as a traditional building stone (Fort
et al., 2012) monzogranite with cordierite as an accessory minerakt al., 2008, 2013)Any number of scientific articles have been
(Figure 1), has been quarried for centuried\lpedrete, a town published on its origin (Maseca et al., 1998, 2009, 20Mllaseca

June 2015



107

Table 1. Represeative monumerd in the Madrid region built withAlpedrete granite and other types of stone

Building Year built Fountains Year built
Dolmen at Entretérminos 2500-3000 BCE F. of Titans 1657

El Beneficio-Miaccum Roman archaeological site Before the #century F. of Fame 1731
Asuncion de Nuestra Sefiora Churciipiedrete 12"-13" centuries F. of SanAntén 1770
Toledo Bridge 1719-1732 Artichoke F 1781
Madrid’s Royal Palace 1738-1764 Galapagos .F 1832
Facadeon San Nicolas de los Servitas Church 1740 aprox. King Philip IV E 1843
Prado Museum 1785-1808 FallenAngel F 1880
Alcald Gate 1770-1778 F. of the Shell 1969
House of the Five Major Guilds approx. 1789 Sculptures Year sculpted
Royal Theatre in Madrid 1830-1850 Hercules and the Lernean Hydra 1650
National Library 1866-1892 Obelisk to the ?' of May 1821
Bank of Spain 1884-1891 Queen Isabel 1883
Cervantes Institute 1925-1929 Monument to KincAlfonso Xl 1901
Joint Ministry Headquarters 1933-1942 Miguel de Cervantes 1916
Valley of the Fallen Monument 1940-1958 Princess Isabel de Borbén 1953
Addition to the Bank of Spain 2003 Jacinto Benavente 1961

and Herreros, 2000, historic quarries (Fort et al.,, 2010, 2013), Alpedrete granite have micro-granular mafic enclaves, usually
petrology (Gomez-Heras et al., 2008), petrophysics (Fort et al),201 with a tonalite composition show fine-grained porphyritic textures,
technical properties and durability (Gémez-Heras, 2005; Lopez-Arcewith phenocrysts commonly of millimetric size. (Gémez-Heras et al.,
etal., 2010, 201, Fort et al., 201), as well as the buildings on which  2008).

it is found (Fort et al., 2004, 2010, 2013; Menduifia and Fort, 2005;

Pérez-Monserrat et al., 2013). Chemical composition

. . The standard chemical analysisAlpedrete granite given in
AlpedrEte granlte properues Table 2 reveals its homogeneity
Petrography, petrographic name and Table 2. Mean chemical composition 8ipedrete granite (aseca et al.,
commercial designation 1998).

Chemical analysis: majority elementsAlpedrete granite (wt%)

Alpedrete granite is an equigranylaredium- to fine-grained
monzogranite (Figure 1) consisting of interlocking plagioclase
aggregates (20-3@l. %), quartz (2-5mm and 30-401. %), K 69.6 | 0.4 |15.02| 2.97 | 1.54 0.0 0.9¢ 2.45 3.32 3.89 0|16
feldspar (1-4nm and 25-3%0l. %) and biotite (2nm and 10-
20vol. %). Accessory minerals include ilmenite, apatite, cordierite Colour

sio, | Tio, | AL, | Fe,0, | FeO|MnO | MgO | CaO | Na,0|K,0 | PO,

and zircon.
Alpedrete granite is classified as a monzogranite and  Alpedrete granite is greyith slight variations in tone. Its
commercialised under that same name. chromatic parameters are listedTable 3.The colour values given

are based on the CIELAB scale (1976): lightness (L*), chromatic
coordinates a* and b*, whiteness index (WI) and yellowness index
(YI), as set out in standaABTM E313-73.

Table 3. Chromatic parameters

Alpedrete granite

L* 67.4+3.5
a* -0.7+£0.3
b* 1.0+0.8
Yl 1.8+1.6
Wi 34.5+3.8

Figure 1. Alpedrete granite from historical quarries: |ef Natural Variability
macroscopic image; right, thin section petrographic image:
Bt: biotite, Pg: plagioclase, Q: quartz, FK: passium feldspar Alpedrete area granite has a highly homogeneous quartz, feldspar
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and mica content and crystal sit@o varieties have been traditionally
distinguished Piedra Rubia(blonde stone), so called due to the

Table 5. Petrophysical properties iAlpedrete granite before and tfr
140-cycle freeze-thaw and 30-cycle salt cajlstation testing. Vp: ultrasonic

yellowish tones induced by weathering, is quarried at shallower depths?-Wave velocityA : property variation, measured in percege (Source:

The second varietlpediete granitesensu strictpis unaltered grey
granite.The latter is the variety quarried at present.

Physical properties

Alpedrete granite owes its long durability and resistance to
weathering to its physical propertidsble 4 lists the values of these
properties as reported by several authors.

Table 4. Physical properties iAlpedrete granite (AL). (1) Mendiufia and
Fort., 2005, (2) Fort et al., 201, (3) Fort et al., 2013.

Property Value
Impact strength (cm) 68+14®
Compressive strength (MPa) 136.9+41®
Bending strength (MPa) 8.88+3.69%
Bulk density (Kg/crm) 2669+17®@
Water absorption (%) 0.3+0.0@
Capillary absorption coéitients (g-n?-s®9 | 1.523 to 3.198%
Porosity accessible to water (%) 0.8+0.1@
Mercury intrusion porosity (%) 0.5®

Frost resistance (%) 0.01®
Ultrasonic P-wave velocity (m/s) 4601+204?
Total anisotropy (%) 5.8®

Durability

Lopez-Arce et al., 2010)

Property Initial After A After 30 A

value | 140-cycle| (%) | cycle-salt| (%)

freeze- crystalli-
thaw test sation test

Porosity accessible
to water (%) 0.8+0.08 - - 1 25.0
Bulk density 2668+18| 2666+12| 0.06| 2660 | -0.3
(kg/m’)
Vp (m/s) 46204163 4525+139 2.0 | 4445 | -3.8
Mercury intrusion
porosity (%) 0.44 0.62 40.9 1.01 [129.5
Microporosity
<5 um (%) 0.31 0.48 54.8 0.32 | 3.2
Macroporosity
> 5 um (%) 0.13 0.14 7.7 | 0.69 [430.8

1994) (Figures 2 and 3A), where the stone was extracted manually
from the surface (to depths of approximately 1-1.5 m), have been
located aroundhlpedrete and surrounding villageBhe type of
quarrying conducted varied depending on the pefliors or whale-
back boulders were extracted first, and once that resource was
depleted, deeper quarrying was undertaiée. lagest volumes of
stone were extracted from the quarries at El Berrocahfpetirete
(Figure 2). Beginning in the 1980s, as a result of their inability to
adapt to new environmental regulations, many of the small traditional
quarries have been closing.

Alpedrete granite is found in heritage buildings that have resisted

weathering for centuries. Decay in this stone adopts the form of
cracking, surface scaling (Figure 4Jjl@escence, stains or granular
disintegration and resulting volume losbese weathering forms are
due primarily to climate, air pollution or the presence of salts (Lépez-
Arce et al., 2010; Pérez-Monserrat et al., 2013), in conjunction with
factors such as vandalism (Figure 4¥here microgranular nodules
are present (Figure 5D), tBfential decay may be observed between
the nodule and the surrounding rock (Gémez-Heras et al., 2008).
To quantify the decline in petrophysical values, freeze-thaw testing
was conducted as specified in European standard EN 12371: 200
(140cycles), while salt crystallisation trials were performed further
to Spanish and European standard EN 12370:1999 (30 cycles) (Lope
Arce et al., 2010)The variations observed in the stangetrophysical
properties after these ageing tests are givdalite 5.
Laboratory-accelerated decay included surface cracking, generate
especially in the feldspar (freeze/thaw test) and biotites (salt
crystallisation). Severe decay has been observed in ornamenta
elements carved frodlpedrete granite on heritage buildings. Such
decay is induced by human action: pollution, urination, rust in the
iron anchorages used to join ashlars, breakage of downpipes
conservation treatments (Fort et al., 20@dras et al., 2007) or the
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use of inappropriate mortars (Mufioz, 2003).

Quarrying, resource location and supply

Around 400 historic, generally small, shallow quarries (Martin,

Figure 2. Location of the historicAlpedrete granite quarries:
(1) Alpedrete, (2) Collado Mediano, (3) Becerril de la Sierra,
(4) Mataelpino, (5) El Boalo, (6)Cerceda, (7) El Berrocal,
(8) Moralzarzal (modified akr Fort et al., 2013a).
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Figure 3. (A) Alpedrete historic quarryfront, (B) Monument to
the quarryman Alpedrete, (C) Optical @legraph Dwer at Collado
Mediano before conservation-restoration works, (CAfter

conservation-restoration works, (D)ypical granite boundary wall
in Alpedrete, (E) Cone for crushing olives, (F) City Halpedrete
(1959) andAsuncién de Nuestra Sefiora Church (213"

centuries); (G)Washing placeAlpedrete, (H)Amaniel aqueduct,
(1) Rosario Bridge, second half of #7century.
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Part of a Roman granite building is preserved at the El Beneficio-
Miaccum archaeological site in Collado Mediano. No monumental
works were built during theisigoth period (#-8"centuries) or none

has survived (Menduifia and Fort, 2005he Muslim era was
characterised by the development of materials such as brick and the
reuse of the stone from Roman buildings. It was not until the Christian
reconquest offoledo in 1085 that Churches started to be built in
central Spain (Figure 3F) with, among other materislgedrete
granite. Since building materials were sourced from nearby locations
during the MiddleAges (8'-15" centuries) Alpedrete granite was
used in the entire are@dlidespread use giedra Beroquerigbegan

after King Philip 1l moved the court to Madrid in 1561. Quarrying
was nonetheless most intense at the time in the area around Zarzalejo,
SW of Alpedrete, which while forming part of the same pluton
(Villaseca et al., 2012), is characterised texturally [gelagrain size

and mineralogically as a @érent stone lacking cordierite. It was not
until the 18" century thatAlpedrete granite became the stone most
widely used in and around Madrid and when mosgtlpédrete area
quarries started to work (Fort et al., 2DThis material was used in
many works during the reign of Charles 1l (1759-1788). It was used
to cobble stone avenues and lay gutters, as well as to build monuments
such as Madrid’' Royal Palace (Figure 4Aicala Gate (Figure 4B),
Artichoke Fountain, Prado Museum (Figure 4D) and hospitals such
as the one presently bearing the name Queen Sofia. One of the most
prominent monuments outside Madrid is the Guadarrama (or Rosario)
Bridge (Figure 31). In the f&nd 19 centuries Alpedrete granite

was generally used in conjunction with the Colmenar limestone
quarried in the Madrid basin (Fort et al, 2014), yielding the grey
stone - white stone contrast so typical of Madrilenian architecture
(Figures 4A, 4B, 4D, 4J and 5F).

The mid-19" century construction of the Isabel Il Canal that
carries water to Madrid from th®ierra de Guadarramapurred
activity in theAlpedrete area quarries, whose granite was in
constant demand to build waterworks (Unceta, 2005) in Madrid such
as theAmaniel aqueduct (Figure 3H). Likewise in thé"t@ntury
Alpedrete granite was used in the new city quarters built to
accommodate Madrigd’expansionTo meet the strong demand, for
73 years (1883-1956), arl-km railway line (Aranguren, 1990)
operated exclusively to shipedrete granite from El Berrocal (where
granite from the nearby Moralzarzal, Becerril de la Sierra, Cerceda
and El Boalo quarries was loaded onto trains) to Col&tlalba
(Figure 2). From there it was hauled to Madrid together with granite
from other nearby quarries, simplifying and lowering the cost of
transport.

With the founding in 1914 of the Sociedad de Sacadores de Piedra
de la Sierra (society of stone extractors), whose membership included
most of the quarrying villages, and the Sociedad Construcciones
Hidraulicas y Civiles (Hydraulic and Civil Construction Society),
Alpedrete became the arsdéading building stone produckvith
the return of the quarries to individual management when these two

One quarry aAlpedrete whose operations can be traced back for societies disappeared in 1925, output declined.

over 100 years is still active. Its 600G-yearly outputs guarantee

the supply of dimension stone.

Historic use

The Neolithic dolmen at Entretérminos betwédpedrete and

Work in the quarries was suspended during the Spanish Civil
War (1936-1939)While Alpedrete granite resisted the ravages of
war, the bullet holes are visible on the ashlars in some of Madrid’
heritage buildings (Figure 41).

In the 1940s and 19504|pedrete granite was used to rebuild
Madrid and, along with other types of granite, ttal&/de los Caidos'

ColladoVillalba, whose remains are still standing was one of the first (Valley of the Fallen) monumerithe output oAlpedrete granite rose
structures in whicklpedrete granite was used as a building stone. in the 1960 showing boom, driven by Madsichpid population growth.
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Figure 4. Monumens built with Alpedrete granite. (A) Facades, Royal Palace at Madrid, Mjala Gate, (C) Posl, San Nicolas de los
Servitas Church, (D) Facade, Prado Museum, (E) Bank of Spain, (F) ChimnRgyal Palace af\ranjuez, (G) Dedil of window ornament,
(H) Facades, Cervantes Institute, (Ashlars damaged by bullstduring the Spanish Civiwar, (J) Surface scaling on enclosure wall,
(K) Ashlars soiled by grditi.

Today this stone is used primarily in flooring (Garcia del Cura et mining infrastructure in the former silver mine at Moralzarzal (Soto,
al., 2008). Other uses include cobblestones, funeral art, and buildin@011). Along with brick masonry and granite rubbklpedrete
and monument restoration and rehabilitation across the region ofjranite is one of the materials that was used to build the grid of
Madrid. The Bank of Spain, rehabilitated in 2003, is but one example optical telegraph towers (1844)n Alpedrete granite tower has

(Figure 4E). been conserved at Collado Mediano, although the 2008 restoration
concealed the original masonry bond (a mix of brick and coursed
Heritage issues rubble masonry) (Figures 3C-C’). Many examples of traditional rural

architecture are also well preserved, including sheds, washing places

Many of the surnames of the inhabitantsAdpedrete and (Figure 3G), drinking troughs, irrigation canals and boundary
surrounding quarrying villages can be traced back to other quarryingwvalls (Figure 3D)The Alpedrete granite-related heritage has been
areas in northern Spain. Because of the huge demanAdpfrete turned to value in the form of Geomonumental routesp(//
granite, many workers from the north migrated to the mountainswwwmadrimasd.og/English/Science-Society/scientific-heritage/
around Madrid to work in the quarries there. Geomonumental-Routes/default.aspplatform that introduces the

Examples ofAlpedrete granite in industrial heritage include general public to the geological characteristics and cultural value of
grinding stones for flour mills, cones to crush olives (Figure 3E) and buildings bearindlpedrete graniteThese socially beneficial activities

June 2015



111

: S ¥ 5 b 1 m \ i
Figure 5.Alpedrete granite on Madrid stregtand thorough fares: (A)\Wlkways, kerbs and carriagewafB) Walkway, curb and cobblestones,
(C) Saircase, street paving and sewage system ¢o\@r Spur stone with nodule, (E) Ornameaitfountain, (F) Functional fountain
(Alpedrete granite and Colmenar limestone), (G) Dado on traditional building, (H) Bench, (I) Milestone on cattle route, Madrid.

have been conducted on site in recent years in the framework oFor that reason it has traditionally been used in pedestals, dados

Madrid’s SciencéVeek. (Figure 5G) and building facades. Its scantly fractured outcrops are
particularly suitable forcarving very & columns and lintels (Figure
Buildings 4). It is used not only in structural members, but also in ornamental

elements, especially around doors and windows (Figures 4C, 4G),
Alpedrete granite is found in 75% of Madsdultural heritage  chimneys (Figure 4F), pinnacles atop buildings, and to make bollards.
assets. It was also used in nearly all heritage industrial buildings,This stone has also been used for cobblestones (Figure 5B), walkway
housing in the city traditional quarters, indoor sit was used in steeps kerbs (Figures 5A, 5B) (Martin, 1994), manhole lids (Figure 5C),
of stairs, chimneys and outdoors, in dados or window frames,wells, spur stones (Figure 5D), retaining walls, corner protectors,
walkways, statues, fountains, milestones and urban furniture (Figureslecorative (Figure 5E) and functional (Figure 5F) fountains, benches
4 and 5).Table 1 lists the most representative monuments built (Figure 5H) and milestones (Figure 5I) that are present throughout
with Alpedrete granite, together with other types of building stone Madrid.
(Fort et al., 2002; Gomez-Heras and Fort, 2004). As may be deduced from the foregoiAtpedrete granite meets
all the requisites for a GHSR nomination. Its designation would
Alpedrete granite vulnerability and maintenance contribute to raising awareness of historic and modern features
essential to its conservation, while furthering mofeient use of
Thanks to its petrological and petrophysical characteristics,this dimension stone as a restoration material in the heritage
Alpedrete granite is highly resistant to the agents of decay (and consenonuments it was used to build.
quently durable), usable with a variety of finishes and readily cleaned.
Pre-quarrying decagloss (micro-roughness), finish and position Acknowledgements
on buildings, howevecondition the type of maintenance or cleaning
required.The method used should not roughen the granite surface  This study was funded by the Community of Madrid under the
and special care should be taken in apedira Rubiaquarried GEOMATERIALS 2 project (S 2013/MFR914).The authors are
from very shallow tors where the feldspars and micas may havemembers of the Complutense University of MadriResearch Group:
been significantly altered by the action of fluids and concomitant “Alteracion y Conservacion de los Materiales Pétreos del Patrimonio”
hydrolysis. In this process, potassium feldspar is replaced by kaolinite(ref. 921349)The petrophysical assessments were run at the IGEO
plagioclase is converted to sericite and chloritization of biotite. Petrophysical Laboratonafiliated with the Moncloa Campus of
Hydrolysis may also release iron from biotite. Cordierite alteration, International Excellence (UCM-UPM) Heritage Laboratory Network
in turn, yields pinite or micaceous clusters that decay more guickly (RedLabPat)The assistance, input and support provided by laboratory
although cordierite is only rarely presentAipedrete granite (Fort  technicians CarmeNéazquez and Blanca Gallardo are gratefully

et al., 2013). acknowledged.
Manuscript edited by Mgaret Clark, professional translator and
Suitability English language science editor

The low anisotropycapillary water absorption, porosity and high References
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The term “porphyry” has a specific geological (Price, 2007, p. 203) which contains feldspar phenocrysts in a fine

meaning but has been useddly by sculptors and @ar grained or glass-like groundmass (Fig. 3). Fine-grained piemontite

. . i | to the st .
historians to name many types of stone that @ot, gives colourto the stone
geologically porphyries. “Porphyries” have been
associated with nobility and Imperial Monuments since
Roman times. This paper discusses some exammies fr ~ Atthe end of 18 century and during the @entury “porphyry”
Karelia in Russia and @m Sweden used ihfetersbey became fashionable in decorating the facades and interiors of palaces

. w " . and mansions int$etersbug.

and the us'e OT Russian Shoksha “porphyry” in Paris, The first to be used was the Schoksha porphyry (Butdldi,
France. It highlights several types of stone that have beeno1o, 2014). in 1801, this stone was used in friezesin the main facade
refered to as porphyries but@mnot. The Shoksha stone of S Michael Castle (Fig. 4), a residence of the Russian Emperor
has been of @hitectural and atistic impotance both Paul I.The same stone was used to design the interiot isb&cs

nationally and internationally for some 300 vears. This Cathedral (1818-1848)té&ps to the altar and the bottom part of the
y y y ) iconostasis were hewn out of dark-red Schoksha sidme.same

might qualify it as a candidate for Global Heritagei®  ock type was used for cornices topping walls as well as in the wide

Porphyries in & Petersburg

Resouce status. frieze of that stone that fringes the periphery of the floor of the
cathedralA bust toAuguste de Montferrand (Fig. 5), the architect of
Intr oduction St Isaacs Cathedral, stands insidéne sculptoA. Foletti created the

bust from the many kinds of stones that were used by Montferrand in

The term “porphyry” has a specific geological meaning but has building the cathedralhe face was carved from white Carrara Marble,
been used freely by sculptors and art historians to name many types .
of stone that are not, geologicalprphyries just as the term “granite” MONS PORPHYRITES AREA &
has been used for a wide variety of durable stones that take a goo L] N
polish. This paper discusses some examples fromReSersbig in

30 km

Russia and from Sweden. <
Description of colour is also an issue because both “purple” and|  Gabel Khurm al Asmar
“scarlet” were both used in referring to colours of tunics and robes of Airport
nobles inAncient Rome. It is understandable that stone in the mu RED SEA
continuum of colours from “purple” to “scarlet” should have become :

associated with nobility and Imperial monuments. .

The most famous antique ornamental porphyry came from Gebel Serapistempld ﬂ-:;adia -
Dokhan in the Province of Egypt in the Roman Empire (Fig. 1) and .
has attracted names such as “Ratque” and “Imperial” porphyry

W.f Q'etfap .
Sculptures and the busts of Roman Emperors, sarcophagi (Fig. 2 » -

B
wtlasict ‘ ﬁf Sha'ib

and other masterpieces were cut from this stone, especially in extensiv
quarrying operations between thiéahd the & centuriesA.D. From
a petrographic point of viewhis rock is a dacite-andesite porphyrite Figure 1. Location of Gebehbu Dakhan.
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Figures 2-6. (2) Sarcophagus ot Slelen. Imperial porphyry from Egypt. (3)ékture of imperial porphyry(4) Red porphyry-like stone in
facade ($ PetersburyS Michael Temple, 1797-1800). (5) Porphyry-like stone in the cloal®hoMontferrand . (6) Monument to Nicholas
I. Red porphyry-like stone is a frame for high reliefs

the hair from grey granite, the collar of the uniform from slate, the (Samsonov and@uringe, 1984, p.158-159), but the meaning of the
cloak from crimson Schoksha stone, the cordon of green marble, andiord “porphyry”, in this context, has not been stated clearly

the orders from yellow Siena marble and also crimson Shoksha stone.
Pink Tivdiya Marble from Onega Lake, Karelia, Russia, served for Swedlsh“porphynes” |n St Petersburg

the pedestal of the bust.

The most memorable example of the use of this stone is the  However “porphyries” were also brought ta. Petersbug from
pedestal of th&sar Nicholas | monument (Fig 6). Montferrand elsewhereThree stone vases that stand in the cityt Biefersbiug were
designed the monument and decorated it with red Schoksha porphyryvorked by the Royal Porphyry manufacturing factory in Alvdalen,
pink Rapakivi Granite, grey Serdobol Granite, and white CarraraSweden in 19 centuryA pair of greyish-black vases (craters) arrived
Marble.The sculptarP Klodt, created the monument in an equestrian in 1830s.They firstly stood, together with two bronze lions,on the
form. flanks of granite staircase to ténter Palace (a residence of Russian

Superficially Schoksha “porphyry” closely resembles the Emperors) on the Neva River (Fig. 13). In 1914-1916, these vases
antique imperial porphyry from Gebel Dakhan but is, in fact, a were moved to flank another granite staircase, betwedwthgalty
Proterozoic quartzitéThe only source is located in the Fenno- and the Bronze Horseman (Buladtral, 2014) The “porphyry” used
Scandian Shield, on the south-east coast of Lake Onega (Fig. 7)s, geologicallya coarse-grained diabase (Bul&klal, 2006) locally
Many color varieties of Schoksha quartzite have been quarried her&nown as Asbo diabase after a village near the extraction site in
since thel¥ century The stone is layered (Figs. 8, 9) and fine Sweden (Hjelmquist, 1982Jhe vases are hollow and stoppered but
grained (Fig. 10) broke into many pieces due to internal accumulation and freezing of

Secondlythere are many and varied examples of “porphyry” vases water in the past decadeéhe Russian Mastér. Androkhanov restored
(Fig. 1), craters, amphora, bowls, obelisks, table-desks and othethem, and they were returned to their place in May 2014 (Fig. 14).
goods in collections of the&@e Hermitage (Mavrodina, 200These The third vase was presented to the Russian Emperor Nicholas |
were manufactured by Russian masters at the Pet¥dhafierinbug by King Carl XIV Johan Bernadotte of Sweden. It was placed in the
and Kolyvan lapidary factories from 1790-18®%8e majority of these ~ Summer Garden in 1839 and consists of four parts (Fig. 15), the
masterpieces were manufactured from greyish-violet and grey ston@eck, bodystem, and plinth, cut from Garlgagranite (Bulaklet al,
taken from the River Kgon, in theAltai Mountains in Siberiarl his 2006; Hjelmquist, 1982). In 1825, this stone was used to manufacture
is a fine-grained almost glass-like rock sometimes with flow texture the famous Rosendal vase itw&holm.The total height of the vase
and with fine phenocrysts of feldspar and quartz together within the Summer Garden with its pedestal is 4.85 méeltespedestal
chalcedony and has been described as a “silicified porphyry”is made of Blybey porphyry and “porphyry” is a geologically
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Figures 7-10. (7) Location of the Schoksha Deposit. 1-8 fedlént tectonic zones of Europe. (8) The Schoksha qua(®) Schoksha
quartzite Sedimerry layering. (10). Schoksha quartzite. Microscopic structure.

appropriate term here (Hjelmquist, 1982). In the frost of January 2008 FederationAs is well known, the tomb of Napoleon | Bonaparte is
this vase developed a crack and fell apart due to gradual accumulatiolocated in the central crypt of the Eglise du Dome church at the Hotel
of water in original natural cracks in the stone and inside the vaseles Invalides, in the City of ParEhe remains of the Emperdmside
(Bulakh et al, 2011). Carl XIV had planned to present a pair of the sarcophagus, are protected by six concentrimspmade from
vases, but one of the two manufactured vases cracked just after it wadifferent materials, including mahogampony and oak, one inside
produced, showing that weaknesses were present at the outsétie otherThe tomb itself (Fig. 12) was crafted in red “porphyry”
although, even so, the vase remained intact for many yidassiase placed on a green “granite” base.lt is circled by a crown of laurels
was restored b&. Androkhanov (Fig. 16) and put back in position in  with inscriptions, which act as reminders of the Empergreat
May 2013. victories (http://wwwparis-france.me.uk/napolesntomb.htm.)
This red porphyry is, in fact, Schoksha quartzite. Mosdber
Sone of the Napoleoné salcophagus in Paris capital of Russia, is listed between laurels in a circle on the monument.
Tsar Nicholas | is reputed to have said that this was strange fate
The use of Russian “porphyry” is not limited to the Russian for Emperor Napoleon because he lost his glory in a struggle with

Figures 11-13. (1) Korgon porpyry ¥se. The Hermige. (12) Napoleos’sarcophagus. (13) Black Swedish vase neantfieter Palace.
1847 .Water-colour, by L.Bonshtetl
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Figures 14-16. (147 black Swedish vase being returnedeafrestoration. May 1, 2014. (15)A pink Swedish vase in the Summer Garden.
2007. (16) MasterA. Androkhanov and a split pink Swedish vase

Russia but Russia presented stone for his tdine.reality was that ~ Bulakh, A.G., Abakumova, N.B., Romanovsky.V. 2010. $

architect LuisVisconti was not able to find lge blocks of antique Petersbuy. The History in $one. $ Petersbug. S Petersbug

Egyptian porphyry from the old quarries and selected Schoksha  University Press. 173 p.

guartzite as an alternativA.special quarry was developed to secure Bulakh, A.G., Abakumova, N.B., Romanovsky.V. 2014. $

massive stone blocks of raspberry color with almost unnoticeable  Petersbuy Sone Guide. * 1-5. wwwAvailable on-line: http://

sedimentary layeringilwenty seven blocks totaling forty tons were www. Bulakh_$one_Guide_pdf

sent to France in 184The lagest was about 4x2x0.8 meters in size. Bulakh,A., Nesteroy E., Choi, S.-W Vlasov D. 201. Inspection
results of the Swedisht@heVase in the SPetersbuig Summer

Conclusions Garden. Journal of Conservation Sciences. Korea. M#fath.
21. No 1. pp. 123-126.

The examples presented in this paper highlight the misuse of thedjelmquist, S. 1982The porphyries of Dalarna, Central
term “porphyry” in old literature on history of art. In books on art Sweden.Sveriges Geologiska Un-dersoking. Serie C788&.
and architecture it can refer to manyfeient types of rock of Avhandlingar och Uppsastarsbok. 75. Nr3. Uppsala. 27 p.
superficially similar appearance and properties. Many of these areMavrodina, N.M. 2007TheArt of Russian ®ne Carvers. 819"
not, geologicallyporphyries. Careful examination of old documents Centuries.The catalogue of the Collectiont Betersbig. The
and petrographical examination of the stone in monuments and State Hermitage Publishers. 559 p. In Russian.
sculpture are needed to properly identify stone required for repairs.Price, M.T. 2007.The Sourcebook of Decorativeéo8e. Quintet

Secondly the examples demonstrate the cultural importance of ~ Publishing Limited. 288 p.
the “porphyries” from Karelia and the Urals both within and outside SamsonoyJ.PandTuringe A.P. 1984. Gems of the USSR. Moscow
the Russian Federation as well as those imported from SwEaken. Nedra. 335 p. In Russian.
artistic and architectural significance of the Shoksha quartzite over
the past 300 years might qualify it as a candidate for Global Heritage/Nebsites
Stone Resource status. City of Paris. Napoleos’Tomb. http://www.paris-france.me.uk/

napoleors_tomb.htm
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Two limestoneasouces fom the Mesozoic strata of It is important to test the criteria for designation of GHSR using
south-west England, Batfto®e and Purbecki@ne, ae real examples before any stones are formally considered for
. L . . designation to establish whether any modifications of clarifications
CompaEd in terms of criteria pnposed for deS|gnat|on of the criteria are needed (Mark2014) With those criteria in mind,
of Heritage ®ne Resowes. Both have been used locally this paper compares two limestone resources from the Mesozoic of
for some 2000 years and have had significant wider uséngland: Bath ®ne and PurbeckiGhe.
in the past 350 years. BatloBe has been used widely
in the UK and to some extent elsewelts use Bath Stone
throughout the city of Bath pwides an overall The Middle Jurassic strata of England contain several major
architectural integrity that contributed to it achieving horizons of oolitic and bioclastic limestones that have long provide
World Heritage City status. Purbeckd®e, with the high quality freestones for construction locally as well as for
exception of a variety known as “Purbeck Marble”, has prestigious buildings through much of southern England or more
. . widely. One of the most important is found in south-west England in
been mainly used Iloca“yt was 9590' to build several an area between the City of Bath and the town of Corsham.
structures now designated a@ncient Monuments but The Great Oolite Group (Upper Bathonian) consists mainly of
Purbeck Marble has been used extensively for interiorlimestones interbedded with clays and includes two important
ornamental work in many ancient and important freestone horizons, the Combe Down and Bath Ooliteese are
buildings. Bath ®ne has been widelgcognised as a known commercially as Batht@&e but the term has also been
. . Y . used generally for some other oolites from the southern part of the
cultural icon” but there is less awaness of Purbeck Jurassic “stone belt”. Batht@e &ensu strictd consists mainly
Sone. Both ae still quaried, and have an assudt futue, of current bedded and/or shelly oomicrites that are white, pale
subject to continuing demand. Howevéar both, cream or buf They are readily workable on extraction but weather
Heritage $Sone Resowe designation might help to to an attractive honey colour and toughen on exposure (Geddes,

inf their stat o Il th for desi fi 2011; King, 201). Some technical properties are summarized in
reintorce their status. Overall, the case Tor designation Table 1.The stone is suitable for a wide range of uses including

of Bath $one appears to be stnger than that for  masonryretaining walls, ashlacladding, columns, lintels, copings,
Purbeck ®ne.

Table 1: Bath $one — some technical properties

I ntroduction Property Value(s)
Bed height 20-160 cms

Criteria for designating Global Heritag®8e Resources (GHSR)

and Global Heritaget8ne Provinces (GHSP) have been developed ;T:it:ize 302-3252 Crﬁms
by the Heritage t®neTask Group (HSTG) of IUGS anq Commission Porosity (CEN) by volume 2'3_4 - 26.1%
C-10 of IAEG (Cooper2014).These can be summarized as: Saturation codicient (BRE141) 0.80-0.83
Water absorption by weight 9.02-10.9%
a) historic use for a significant period; Bulk specific gravity 2066kg/nt
b) wide-ranging geographic application; Density (BSEN 1936) 2010kg/nt
c¢) utilisation in significant public or industrial projects; Compressive strength 15.0-24.6 MPa
d) common recognition as a cultural icon; Flexural strength (CEN) dry 3.7-4.1 MPa
e) ongoing quarrying and availability; and Thermal conductivity (BSE12524)  1.50kg
f) providing potential benefits (cultural, scientific, environmental Sources: Hanson Bath and Portlanon® plc andrhe
and/or commercial). Bath Sone Group plc
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Figure 1. Examples of the use of Battiée in the City of Bath. (a) Queen Square, Bath, (b) Royal Crescent Bath, (c) Pultney Bridge, Bath,
(d) York street, Bath with the Mtorian surroundings to the Roman Baths to the tef

thresholds, paving, flooring, fireplaces, carvings, mouldings and (Perkins et al. 1983; Price, 1984jllies et al. 201). Some major
sculpture. achievements were tigermal Baths and a Mineflater Hospital

From late 1st centurAD a Roman city was constructed around (founded in 1738) now the Royal National Hospital for Rheumatic
thermal baths (almost unique in the United Kingdom) and BatieS ~ Diseases; Queen Square (commenced in 1739); Pulteney Bridge based
was used for the major municipal buildingse City fell into decay on the Rialto Bridge in/enice (1770); and the spectacular Royal
after the Romans left in the early 4th centdByand the remains of ~ Crescent (1767-1774) (Forsyth and Bird, 2003; Hudspmgit).
their settlement now lie at depths of 3-5m (Cdi@}i2000). Following Some examples are shown in FigAless important structur€rim
the Norman Conquest in 1066AD nearby religious and defensiveBridge, contained the fife of canal engineer and pioneer geologist
buildings and transport infrastructure were built from Bating, William Smith from 1802 to 1804 @Frens, 2003). Indeed, Smith’
including an important abbey and cathedral, but most other buildingsl799 map of the vicinity of Bath is believed to be the earliest map
still consisted of wood, wattle and daub. In later medieval times, accurately showing strata in an ordered stratigraphical sequence
prosperity based on the wool trade supported the construction ofHobbs and Jenkins, 2008)he opening of the Kennet afdon
prestigious stone houses in the vicinity of Bath. But reduction of Canal connecting the RiveAson andThames stimulated wider use
trade due to competition from elsewhere led to decline and, by theof the use of the stone.
early 17" century Bath remained essentially a small walled city with The popularity of Bath as a resort continued among the rich and
poorly maintained buildings mostly built of wood (Hudson, 1971). famous into the early 19century but it gradually fell out of favour

In the early 18th century the thermal baths became popular as &y the mid 19th Century except for visitors to the spa for health reasons
resort for the wealthy and famous leading to a revival of the economy(Eglin, 2005). In 1871 a new KingBath was built during which the
of the city and a building boom. Extensive redevelopment took placeremains of the Roman spa were rediscovered and partly incorporated
from about 1727 at a time of increasing interest in Roman and Greeknto the new baths. However economic decline led to poor
culture and antiquities and attracted important British architects, maintenance of many buildings and all became discoloured by smoke
notably JohrWood, his son also named John, John Eveleigh andfrom coal fires. Extensive bomb damage wasesafl by buildings,
RobertAdam (Colvin, 1997). Johwood the elder worked in Palladian  particularly near th@&bbey, in 1941 After 1945, there were plans to
style while Johiwood the younger perfected English Ggan style. redevelop the damaged areas but also, in the interests of urban renewal,
They worked mainly in Batht8ne from undeground mines operated  to replace lage areas of the less prestigious buildings and some were
by RalphAllen at nearby Combe Down and Bathampton Down demolished. By the 1960s this led to a major national campaign for
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Figure 2. Examples of the use of Bathde elsewhere. (é3psley House, London, (b) Royal Pavilion, Brighton, (@mple Meads Railway
Station, Bristol, (d) Guildhall, Bristol.

preservation of the city (Fguson, 201). From the 1970s onwards, Over the years the city grew across the stone mines operated by
extensive repajrrenovation and cleaning of buildings took place. RalphAllen and these have sometimes presented subsidence problems.
Local authority planning policies required new buildings to be faced This led to a shift of extraction in both quarries and mines to the east
with Bath Sone to be compatible with their surroundingse of Bath notably at LimpleytBke to the east of Bath and around the
widespread use of this stone gives the City an architectural integrityvillage of Box in the neighbouring countyWfiltshire. From the late
that partly led to its designation adMorld Heritage City Bath is 1930s until relevantly recently many of the umggteund workings
now a major tourist destination. were commandeered for military use which limited the potential; for
Bath Sone was used more widely in England contributing to further extraction (Hawkins, 2@1Tye and Muir 2012). Reserves
numerous major historic buildings of which a few are: the Royal permitted for extraction in both local planning authority areas are
Pavilion (1812) in Brighton; civic buildings such as Bristol Guildhall substantial and resources are extensive so the stone will be accessible
(1843); the Dartmouth Naval College (1905) in Devon; churches andin the long termThere is steady demand for stone for maintenance
cathedrals such aguro Cathedral (1880) in Cornwall; engineered and repair of structures but also for new building in compatible
structures, notably the g Dunda#&\queduct (1795) on the Kennet  materials so the future of the industry seems secure (North Somerset
andAvon Canal; major palaces and mansions such as Buckinghant.ocal Authority, 2007;Wiltshire County Council, 2001).
Palace anfpsley House (1828) in London and Gatcombe Park (1771-
1774) andyntesfield (1860s) in Somerset; and early railway stations Purbeck Sone
and structures including partst&mple Meadst&tion, Bristol, built
for Isambard Kingdom Brunal'GreatVestern Railway (1839-1841). The Purbeck Group of uppermost Jurassic to lowermost
Some examples are shown in Fig. 2. More widBlgth $one has Cretaceous ageiffionian- Berriasian) outcrops mainly in the Purbeck
been used in Uniont&ion inWashington DCToronto Bible College; and Portland areas of Dorset, Englanthe succession consists
the Town Hall at Capelown, SouthAfrica as well as recent largely of thinly bedded limestones, mudstone and calcareous clays
development affurkey Creek, Dallas, USAnd theWaterford which were deposited in shallow freshwater to brackish lagoons with
Medieval Museum in the Irish Republic. occasional marine incursions (Ensom ddnball, 201). Most of
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Figure 3. Examples of the use of PurbeckoBe in the Purbeck area. (a)iNage of Worth Matravers,.(b) Langton Matravers Parish Church,
(c) Chapel at & Aldhelm’s Head, (d) font in the parish church at Kingston — upper part of Purbetén® and lower part of “Purbeck
Marble”

the usable limestones are collectively known as Purbenie$ut withdrew from Britain in the earlyficentury Following the Norman
the succession also contains an unusual type of limestone knowgonquest of England in 1066AD there was an ugsun stone
commercially as Purbeck Marble. building.There was a revival in the medieval period especially in the
Limestones, mainly biosparites that are thick enough to be usefull2th to 15th centuries (Leach, 1975). Quarrying expanded greatly
occur at six main levels. Some technical properties are shown ifrom about 1700 reaching a peak in the late 18th and 19th centuries
Table 2. Colours vary from almost white to shades of brown and(Stannier 1996). The stone was initially used locally or was
bluish grey and textures from smooth to fairly roube fairly thin transported by sea principally to ports on the south and south-east
bedding places limitations on the range of uses but the variations ircoasts of England. Local use gave an important element of local
thicknesses make individual beds suitable fofed#nt purposes  character to villages and towns many of which are now regarded as
including dimension stone, monumental and ornamental stone, roofing
tiles, paving and flooring and rockery stone for garden features
(Pennell, 2012).
Purbeck ®ne has been extracted to some extent at least from
Roman times (1st centuAD) but fell into disuse when the Romans

Table 2. Purbeck ®ne — technical properties

Property Value(s)

Bed height 20-80 cms

Length 80-120 cms

Block size 02.-2.8m3

Porosity (EN1341) by volume 8%

Saturation coditient (EN1341) 0.77

Water absorption by weight 2.43% -

Density (BSEN 1936) 2.24-2.56 ra- e Vo e o
Bulk specific gravity 2498 kg/m3 Figure 4. Interior use of “Purbeck Marble” and weathering on
Compressive strength (EN1342) 98.2 MPa exposure at Lincoln. (a) dark coloured pillars of polished “Purbeck
Flexural strength (EN1341) 11.5 MPa Marble” in Lincoln Cathedral. (b) similar pillars of “Purbeck
Source: Building Research Establishment for Purbeck Marble” exposed to weathering in a ruined section of the Bist®p’
“Spangle Bed” Palace, Lincoln.
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Table 3. Bath ®ne and Purbeck ®ne — comparison on terms of criteria for GHSR designation

Criteria Bath Sone Purbeck ®ne

Historic use for a significant period | Major use for about 350 years but locally | Significant use for over 350 years but locally for
for about 2000 years about 2000 years

Wide-ranging geographic application Widespread use in the UK and some use | Mainly local use — “Purbeck Marble” more
elsewhere widespread

Utilisation in significant public or Major use in aNVorld Heritage city and many Mainly small scale but includes some designated

industrial projects other designated ancient monuments and | Ancient Monuments. “Purbeck Marble” used for
historic buildings ornamental purposes in many major buildings.

Common recognition as a cultural | Widely recognised Less widely recognised with the exception of

icon “Purbeck Marble”

Ongoing quarrying and availability | Currently quarried and future assured subjecCurrently quarried and future assured subject to
to continuing strong demand continuing moderate demand

Potential benefits (cultural, scientifig, Reinforcement of present status Reinforcement of present status

environmental and/or commercial)

conservation areas. Some examples are shown in Fig. 3. From thstone in both areas but is now only worked for aggregate in Purbeck.
mid 19th century rail transport promoted wider use within the UK. There is a strong case for designation of Portlandesas a GHSR
Initially the stone was taken from quarries but was later mined. (Hughes et al., 2013) but a weaker case in respect of Purtzeek S
However the number of operating companies declined from 15 to 5However the juxtaposition of both raises the possibility that the two,
over the past 40 years, leaving only 10 active small quarries (Benfieldtogethey might constitute a Global HeritagéoSe Province.
201).

Near the top of the sequence is an unusual dark grey to greenisDiscussi on and conclusions
or bluish easily carved gastropod biosparite known as “Purbeck
Marble”. This was used in Roman times but also from the time of the Both Bath and Purbeckd@e have been used for about 2 millenia,
Norman Conquest, particularly in narrow stone columns known asinitially in Roman times but mainly since the™éentury and were
shafts, and was the most widely used British decorative stone in botimajor extractive industries in the®18nd 1¢' centuries. Both are of
periods (Clifton-Tylor, 1972; Haywood, 2009). By the1Zentury heritage significance with continuing supplies being needed for repair
it was widely employed for ornamental and decorative purposesand maintenance of important buildings as well as building in locally
especially in churches and cathedrals for fonts, tombs, flooring andcompatible styles. Both are high quality stofiémy are still extracted
facings on columns, for example in the Medieval cathedrals of and the future of their extraction seems to be secure but much of the
Salisbury Exeter Durham,York, Wells, Lincoln andWorcester as demand is for sporadic repair and maintenance contracts while, to be
well as inWestminsteAbbey in London (Clifton-&ylor, op.cit). In economically viable, extractive operations also depend on contracts
the 13" century it was used for a time irfigfes and memorial floor ~ for new building to give steadier levels of sales.
slabs. It was used formerly for both interior and exterior purposes but A comparison with GHSR criteria is able 3. Bath ®ne has
was found to weather badly in northern and exposed positions andbeen used for many major buildings designed by noted architects
has lagely been replaced in outside situations (Benfiefd, cit) particularly around Bath but also widely through England and to some
(Fig. 4). Use of Purbeck Marble declined until th& t&ntury when extent overseas. It contributed strongly to the case for designating
working was revived for church widespread restoration (Clifton- the City of BathWorld Heritage Site. In contrast, Purbecdkrg had
Taylor, op.cit). significant local use for more modest structures although many of

Outputs of PurbecktBne are from few hundred tonnes to a few these are now collectively recognised as being worthy of conservation.
thousand tonnes per annum meet the continuing demand for repaldowever the unusual “Purbeck Marble” has had exceptional use for
and maintenance of historic structures and building in locally ornamental and artistic works in historic buildings and might be
compatible stylesAbout 9 to 12 years of permitted reserves remain regarded as more significant than Purbetdn& in generalThe
but only 1 quarry still produces Purbeck Marble. It is not easy to find obvious conclusion is that there is a stronger case for designating
new sites for future quarrying in south Dorset because potentialBath Sone as a GHSR.
extraction sites are in @mea of Outstanding Natural Beauty (Bristow
et al.'? 2002). But the Plannidguthority recognlls.es quarry!ng as a. Acknowledgement
traditional industry of the area and has policies requiring repair
maintenance and new building using local stone in conservation areas Thanks are due to Dr la&Thomas who made useful comments
(Dorset County Council, 2013The quarries are also geologically on the initial draft of this paper
significant and are close to the internationally significant Jurassic
CoastWorld Heritage Site.

But Purbeck #ne is not limited to the Purbeck area. It occurs References
also on the nearby Isle of Portlafithe Purbeck Group immediately  Benfield, E., 201, Purbeck shop: a stoneworkestory of stone. Cambridge
overlies the Portlandi@e which was formerly extracted for building University Press (Cambridge), 172pp.
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modelled on the published proposal for Portlatwh&from the United
Kingdom (Hughest al. 2013).This formal designation as a heritage
stone will technically formalise the term, “Sydney sandstone”. Cooper
(2014) and Cooper & Kramer (2014) have already suggested that
“Sydney sandstone iustralias most prominent potential Global
Heritage $one Resource and details are readily available in
publication to make the nomination.”

This paper makes abundant use of McNally and Franklin
(2000), an important collection of 28 technical papers on Sydney

This paper suggests Sydney sandstone as the first
Global Heritage Sone Resource to be nominated from
Australia. Sydney sandstone underlies much of the city
of Sydney. It is also the most widely utilised dimension
stoneinthecity. Itsusein Sydney has extended over 200
yearsand it continuesto be quarried today for Australian
domestic use as well as for export. Existing

documentation ranges from extensive technical
assessment of the stone, heritage lists with abundant
illustrations, as well as a Wkipedia entry. Its earliest
international use was probably in New Zealand during
the 1830s.

sandstone published by the Environmental, Engineering and
Hydrogeology Specialist Group of the Geological Sociefyustralia.

Also of significance are the dedicated volumes of Baglinfargtin
(1980) and Deirmendjian (2000)ese are popular publications with
profuse colour images of Sydney sandstone use, plus important
heritage informationThere is also a useful summary article on

Sydney sandstone iwikipedia athttp://en.wikipedia.org/wiki/
Sydney_sandstone. Another recent book (Jones, 2013) examines the
sandstone landscapes of the Sydney region and the artists who depicted
Sydney iAustralias oldest and lgest cityhaving being founded  these.
in 1788.The city is fortunate to have been established on an extensive
and a relatively undeformed layerTifassic-age sandstone that has Rock character
proved to be an excellent construction matefibkse are the most
conspicuous building stones in Sydneut have also been drawn The Hawkesbury Sandstone is a massive stratigraphic unit of
upon for breakwater stone, concrete aggregate, road base and marifieiassic age, 100-200 metres thick, composedelgr of quartz
ballast. Recent historical reviews of Sydney sandstone are providedandstone with ~5% shale. It covers an area of approximately 12,500
by Branagan (2013) and Frankénal. (2014). square kilometres within the Perma&Bsic Sydney Basin (Branagan,
The uppermost and conspicuously fefdrming sandstone in ~ 2000a, b). Figure 2 shows an example of coastal outcrop adjacent
the Sydney Basin sandstone has long been known to stratigraphet® Sydney HarbarBranagan and Packham (2000) provide
as the Hawkesbury Sandstone, because a rock unit using the namexcursion itineraries that direct participants to abandoned quarries
Sydney and occurring in Nova Scotia, Canada, has beenat Pyrmont and Bondi as well as to heritage Sydney sandstone
considered to have name precedence (Clarke, 1878; Branagan 2000&uildings.
However the term “Sydney sandstone” has long been informally The Hawkesbury Sandstone originatedTiniassic braided stream
used (for example by Baket915), even to the extent of being the system carrying sand from the south-south-wddtis was
feature of several published books, including the title (Deirmendjian subsequently weakly lithified, uplifted and mildly deformed over the
2000). In stratigraphic terms, the Sydney sandstone comprises ngtast 250 million years. Its most distinctive feature is its inclined cross
only the Hawkesbury Sandstone, until recently the predominantlaminations and lenticular beds, resembling flattened pillows, 1-10
source of dimension stone within the region, but also the upper partetres thick and 100-500 metres in lateral extetan(@rd 1964,
of the underlying Narrabeen Group, that outcrop to the north of 1969; Conaghan, 1980).
Sydney (see Fig.1). When fresh, the colour of Sydney sandstone is often gregm
This contribution formally nominates Sydney sandstone as aor white.When aged it is typically yellovbuff or brown due to the
‘Global Heritage ®ne Resourcd GHSR).The nomination has been  presence of iron oxides. Detailed geological studié¥ddiace (1971),

Intr oduction
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Australian heritage

The earliest use of Sydney sandstone was
undoubtedly byAustralia’s indigenous aborigines,
who utilised the stone for grinding, sharpening tools
and carving as well as for shelter (Baglin Angtin,
1976; Ray2000). However cutting and spear point
artefacts had to be quarried from harder rock distant
from Sydney so the regianaborigines have been
described as a ‘stone-age people without good stone’.

Following foundation of the city of Sydney in
1788, the use of sandstone for building was well
recorded by the time of Governor Lachlan Macquarie
(1810-1821) and the convict architect Francis
Greenway (Vdlllace, 1971; Frankligt al., 2014) A
very early geological description of the Sydney
sandstone by Russian naturalist, Fedor lvanovich
Stein, in 1820 has been translated into English and
published in Branagan (201@.few years laterin
1839-1840, eminent US geologist J.D. Dana
provided much more geological information on the
same stone (Dana, 1849).

Subsequently in the late 19th centunyost
prominent public buildings in Sydney including the
Town Hall, General Post @ide (Fig 3)Art Gallery
of New SoutiWales and fate Library of New South
Wales were all constructed using Sydney sandstone.

Also in the late 19th and early 20th century
Sydney sandstone was used for major construction
in most other majoAustralian cities especially
Melbourne,Adelaide and Brisbane to the extent
that complaints were expressed that suitable local
stone materials were being neglected (Cqdjit2,

Wollongong

p. 24).
Wianamatta Group Innumerable sculptures utilising Sydney
Hawkesbury Sandstone sandstone also embellighustralian heritage
Narrabeen Group constructions ranging from decorative friezes and
B Coal Measures capitals to significant monuments (Baglin @ncbtin,

E= Shoalhaven/Maitland/Dalwood Grou 1976; Deirmendjian, 2002, Fig.3).

Figure 1. Generalised geological map showing Sydney Basin sedisnarthe region ;
around SydneyThe city of Sydney is centred on the south side of the edastet Quar”es

(Sydney Harbor) immediately above the Sydney label (reproduced from Z49p). Branagan (1996) notes that a map prepared by a

convict in June 1788 shows a quampst likely in
Spry (2000) and Franklin (2000) have determined six types of SydneySydney sandstone, near the site of the present Sydney Opera House.

sandstone that are used as dimension sidrese are: Gibbons in Frankliret al (2014) noted that there is an 1823 painting
of stone quarrying att&e Library of New SouthWales (Mitchell

1. Grey Sandstone Library). The same author also recorded that a valuable “freestone”
2. ‘Yellow Block’ sandstone resource had been recognised by the late 1820s and 1830s and that
3.  White sandstone major sandstone quarries were established in the inner Pyrmont area
4. Quartz-rich sandstone of Sydney probably by the late 1840s. It was here that the famed

5. Colourbanded sandstone “Yellow Block” sandstone was extracted.

6. Typical surface Hawkesbury Sandstone Quarrying continued in this, now inner urban area, until the early

20" century These quarries are now daly built over although
The so called “¥llow Block” sandstone — actually pale pink to attempts were made to extract furtheelfgw Block” in the 1980s.
pale orange in colour due to siderite oxidation — is the most prizedAn early description of sandstone quarrying at this locality in an
type in heritage construction. However the quartz-rich sandstone isnternational journal was provided by “Scientificnerican” in the
the most abundant in the greater Sydney area and is now the mosite nineteenth century (Anonymous, 1884).
extensively quarried variety Quarrying of Sydney sandstone continues totta000, there
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Figure 2. Outcropping Hawkesbury Sandstone at the The Gapfsons Bay at the entrance to Sydney Harbor
were 33 significant operating sandstone quarries, including dimensior&ratigraphic (or Geological) Name

stone and aggregate operations around the city 2R89). Quarrying McNally (2000) has suggestétat the term “Sydney sandstone”
today also occurs at active building sites where stone is removed tdés a convenient collective name for a number of sandstones that outcrop
facilitate Sydney construction. However Sydney building sandstonearound Sydney of which the stratigraphic unit Hawkesbury Sandstone
is now mainly sourced from the upper Narrabeen Group in the Gosfords the “most important by far”. Spry (2000) accepts this definition of
area more than 50 km north of Sydn&maller dimension stone  Sydney sandstone and refines the term further to include related, but
quarries are located in the lower Blue Mountains to the northwestnot identical Triassic sandstones in the Sydney-Gosford region thus
and in the Bundanoon area to the southwest. Quarries in the outeallowing the less commonly quarried sandstones from the Narrabeen
suburbs of Sydney supply sandstone for road base, filling, residentiaGroup also to be included in the Sydney sandstone.

and landscaping purposes.eftow Block” sandstone for remedial

stone masonry is how obtained from recycling yards, since the lasOther Names

quarry closed in 1970. Sydney sandstone is also known aslifv Block” or “Pyrmont
Freestone” irspecific reference to quarries in the Pyrmont area of

GHSR Nomination/Citation requirements ~ Sydney

Commercial Designations

For the purpose of GHSR nomination, the HST&ms of
Reference state that citations should contain specific information.  Other past and present names used for Sydney sandstone often
This is further discussed in Coomtial. (2013) where a Check List  used regional locality or quarry names include Debdé&mdabyne,
of requirements is provided. Consequently in order to nominateGosford, Kurrajong, Kariong, SomersiBondi, Wilton, Maroubra,
Sydney sandstone as a GHSR the following definitive details areBundanoon, Piles Creek and MouMthite. The sandstones from

summarised below these quarries are marketed under a wide range of commercial
names.
Formal Name
Sydney sandstor{esing small ‘s’ for sandstone as suggested by Area of Occurrence
McNally, 2000). Despite the lage, neassurface outcrop area of sandstone, the
earliest lage quarries was in the immediate city area, primarily at
Origin of Name Pyrmont. Sandstone is now mainly sourced from the Kariong area
From theAustralian city of Sydney north of Sydneyand to the northwest and southwest of Sydney
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Excellent outcrop occurs across much of the Sydney Basin notably{Hawkesbury Sandstone quarried near the top of the unit. Selected
in coastal clifs, for example at the entrance to Sydney Harbor (Fig.2), results are as follows:
and in road cuttings around Sydney

WaterAbsorption (% weight) 3.1
Principal Location of Quarry or Quarries Density (kg/m?3) 2290-2420
Some currently operating dimension stone quarries in and around  Apparent Porosity (% weight) 7.4
Sydney include: Uniaxial Compressivet&ngth — Dry (MPa) 76
Modulus of Rupture (dry), MPa 11.9
Bundanoon Bundanoon Sandstone International
Pty Ltd Spry (2000) summarised the properties oélfdiv Block” from
MountWhite Gosford Quarries Pty Limited Pyrmont as follows

Piles Creek, Kariong  Gosford Quarries Pty Limited

Somershy Gosford Quarries Pty Limited WaterAbsorption (%) 3.0-4.2
Wondabyne Gosford Quarries Pty Limited Density (kg/m?3) 2.29-2.42
East Kurrajong Gosford Quarries Pty Limited Porosity (%) mean 8.7
Glenorie Gosford Quarries Pty Limited Compressive tength Wet (MPa) 13-31
Cattai Gosford Quarries Pty Limited Flexural $rength —Vét (MPa) 1.8
Kurrajong Sydney Sandstone Pty Ltd Modulus of Rupture MP#/et 1.7-4.3
Glenorie Sandstone Sales Pty Ltd Durability (%) Loss Salt Crystallisation 0.6-2.2
Wollombi Wollombi Sandstone o

Central Mangrove Mangrove Mountain Quarries Pty Ltd ~ ditability

Sydney sandstone has, for more than 150 years, been utilised in
Numerous smaller quarries supply sandstone to the commercialmajor load-bearing construction and sculpture including significant
residential and landscaping markets. public buildings in Sydneywaluable geotechnical properties are
] ] ) homogeneitydurability and stfhess of the material (McNa|l2000).
Geological Age and Geological Setting As a consequence, it has also been significantly utilised in the Sydney
Hawkesbury Sandstone is a LowWeiassic(Anisian) age deposit  region for domestic housing (mainly foundation courses), retaining
that occurs stratigraphically in a sedimentary succession within thewalls, dams (‘cyclopean masonry’), bridge piers, monuments, road
Sydney Basin, underlain by the Narrabeen Group and overlain by thgpavements, kerb stones, wharves and sea walls. BagliAumstith
Wianamatta Group, these adjacent units being more diverse in(1976) illustrate many of these utilitarian uses which include
lithology. fireplaces, steps, chairs and slab paving.

Petrographic Name and detail Vulnerability and Maintenance of Supply

The abundant “Quartz-rich sandstone” contains 70-85% quartz  The major impediment to the supply and availability of Sydney
and 8-15% clay (Frankliet al. 2014). Minor constituents include 0-  sandstone is the continuing expansion of Sydney city and adjoining
3.5% mica, 0-2% feldspar/lithics, and 0-1.2% imdes (adapted  urban areas, and the desired environmental protection of outcrop areas.
from Franklin, 2000). With respect to the lattemuch iconic scenery in National Parks in

The more limited “¢éllow Block” is made up of 55-68% quartz, the Sydney region has formed on Sydney sandstone.

18-25% clay2-10% siderite with 2-7% voids (adapted from Franklin, The supplies of “€éllow Block” sandstone for heritage

2000). conservation are limited to recycled stone, and at least two other
) ] S varieties of sandstone used for heritage conservation are extracted

Primary Colour(s), Aesthetics and Natural Variability of Sone from single quarries. Little information on resources of high quality

‘Yellow Block’ sandstone is considered to be a “self-colouring” sandstone in existing quarries is publicly availablere are fewif
sandstone. It is grey when quarried but oxidises and darkens omny, provisions for ensuring availability of stone from some of the
exposure to a warm-yellow brown coloWhen aged, other varieties more significant quarries for conservation work after the quarries
of Sydney sandstone are more stable, retaining their colour or agingease commercial operation.
to a pale yellow or bfihue (Franklin, 2000). Nevertheless there remain huge geological reserves of Sydney

Most Sydney sandstone varieties are grdyte and cream when  sandstone, though not &fow Block” for new construction as well
fresh, but rarely orange red and browihe abundant quartz-rich  as for export for the foreseeable future.
sandstone variety may be pale yellow or dark brown or banded. In ) o
outcrop, Sydney sandstone may possess all colours ranging frorhiiStoric Use and Geographic Area of Utilisation
white, grey orange, deep brown and banded. Sydney sandstone is the building stone most strongly identified
with the city of SydneySydney is alsAustralia’s lagest city and the
city aguably most identified witustralia. Howeverit has also

The overall engineering geology of the Sydney Basin has beerbeen used in othéwustralian cities, notably in buildings dating from
comprehensively considered by Pells (1985a) with a specific papethe second half of the nineteenth century
on the Sydney sandstone (Pells, 1985b). The oldest international usage of Sydney sandstone was probably

Heiman (2000) tested three samples, with the “best results” inin the “Sone Sore” at Kerikeri, New Zealand (1832-1836), the oldest
terms of technical properties being obtained with his “Sampt# stone building in New Zealand/ikipedia supplies further information

Technical Properties
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at http://en.wikipedia.org/wiki/Sone_Store. Notably Sydney
sandstone was also exhibited at the International Exhibition in Londo
in 1862 (Baker1915).
Over the past 20 years, Sydney sandstone has had significa
exports as documented by quarr@osford Quarries, at their website
(www.gosfordquarries.com.au/export.html). Recent international
projects, supplied by Gosford Quarries, include Mishima Golf Club
in JapanAl AwadiTower in Kuwait, NewNorld Resort in China and
a Hard Rock Café in Florida, USA. Bundanoon Sandstone
International Pty Ltd also advises at its website that “they are leading
merchants and manufacturers takiwgstralian sandstone to the
world” with “Discerning clients acrosAustralia, US and\sia”
(www.bsint.com.au). Sandstone is exported from their Bundanoon fi
quarry ;
Undoubtedly there are other international applications of Sydney§
sandstone, but confirmation has beefidift to locate. f

Buildings etc

In the inner and central parts of Sydn8ydney sandstone has =&
been utilised in religious, educational, public (Fig.3) and commercial
buildings. In addition, it can be found used for domestic housin
gate posts, walls, bridges (Fig.5), monuments, pavements gutters
wharves and sea walls.summary list of the major use of Sydney
sandstone follows.

Buildings in Sydney: Places of worship N , ,
e S Mary's Cathedral (Architectwilliam Wardell from 1865) ~ Figure 4. 3 Mary’s Cathedral (1868), 2t3ary’s Road, Sydney

(Fig. 4)
e Garrison Church, Millers Point (1840) e  StAndrew’s Cathedral (Architect: Edmund Blacket from 1868)
e Great Synagogue (Archite@homas Rowe, from 1878) e St Sephens Uniting Church, Sydney (1875-1935)
[ ]

Scots Church, Sydney (Architect: Rosenthal, Rutledge and

Beattie 1929)

Buildings in Sydney: Educational buildings
e Newington College (Architecfhomas Rowe 1877)
e Saint IgnatiusCollege, RiverviewMain building (1880)
e St Josepls College, Hunters Hill Main building and Chapel
(1882)

Hallen, Edmund Blacket 1832, 1857)

W.L. Vernon from 1868)Anderson &iart Building; $ Johns
College; $Andrew’s College; $Pauls College (Architect:
Edmund Blacket from 1854)

Buildings in Sydney: Galleries and Museums
e Art Gallery of New SoutiWales (ArchitectWalter L.Vernon
1885)

1846, 1864)

e Museum of Contemporarirt, Sydney (ArchitectdV.H.
Withers and D. Baxter 1947)

\ e Museum of Sydney (Architect: Denton, Corker Marshal 1993)

Figure 3. Sydney General Post fidfe (1874), 1 Martin Place Sydney  Buildings in Sydney: Public buildings

e S Philip’s Church, Sydney (Architect: Edmund Blacket, 1856)

e Sydney Grammar School, Main building (Architects Edward

e University of Sydney - Great Hall; main quadrangle; original
Fisher Library (Architects: Edmund Blacket, James Barnet and

e Australian Museum (Architects: Mortimer Lewis, James Barnet,

excluding small granite columns and associated white marble e Callan Park Hospital for the Insane now Sydney College of the

sculpture Arts (Architect James Barnet 1883)
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Buildings in Sydney: Commercial buildings

Buildings outside Sydney
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Central Railway ttion, Sydney (ArchitectV.L. Vernon, 1901)
Chief Secretaryg Building (Architects: James Barnett and
WalterVernon 1873)

Customs House, Sydney (Architects: Mortimer Lewis, James
Barnet,Waklter L.Vernon 1845, 1885, 1903)

Darlinghurst Gaol, now the Nationatt School (Architects:
Mortimer Lewis, James Barnett 1836, 1885)

Department of Lands building, including the statues in the
niches (Architect: James Barnet from 1876)

Department of Education Building (Architect: GgerMcRae
from 1912)

Frazer Fountains, one Albert Road, the other in Hyde Park
(Architect: Thomas Sapsford 1884)

Fort Denison (1841, 1855-1857)

Gladesville Mental Hospital (Architect: Mortimer Lewis 1836-
1838)

Government House, Sydney (Architect: Edward Blore 1846)
General Post Gite (Sydney) (Architect: James Barnet, from
1864) (Fig 3)

New Southwales Club, Bligh Beet (ArchitectWardell and
Vernon, 1884)

RegistrarGenerals building (WL. Vernon, architect, from
1913)

Suspension Bridge, Northbridge (Designers J.ECdyle &
W.H. Warren, 1892) (Fig. 5)

Sydney Observatory (1856) . —
SydneyTown Hall (Architect: J.HWilson, T.E. Bradbridge, Figure 5. Northbridge Suspension Bridge (1892)ir&hallen
from 1868) Avenue, Northbridge, metropoin Sydney

“SaundersTerrace” in Pyrmont (unknown design&B70s)
Treasury building, Sydney (second stage)(Archit&¢éd:.
Vernon from 1896)

Hyde Park Barracks, Sydney (Architect: Francis Greenway
1819

Campbells WarehousesThe Rocks (1844)

AMFI building, King and Pitt 8eets Architect: GA. Morell,
1881)

AMP building, Pitt $reet (architects Reed & Barnes 1860s)
(now demolished)

Burns Philp building (Architects: McCredieA&nderson, from
1898)

City House, Pitt 8eet (now Skygarden complex) (Architect:
GA. Mansfield, 1893)

QueenVictoria Building (QVB) (formerly QueeWictoria
Markets) (Architect: Gege McRae from 1893)

Radisson Plaza Hotel (formerly Fairfax Printers Building)
(Architects: Manson & Pickering 1922) (Fig 6).

Stone Sore, Kerikeri, New Zealand (1832-1836).
JervoisVing, Sate Library of SoutAustralia Adelaide (1879—
84)

E S & A Bank (now called “the Gothic Bank”) (Architect:
William Wardell, 1883), Melbourne

Savings Bank Building, KingVilliam Street,Adelaide (1902)
National Mutual Building (now the Bank of New Zealand) Figure 6. Radisson Plaza Hotel (formerly Fairfax Printers Building)
(Architect: Wright, Reed and Beavel903) Melbourne (1922), 27 O’Connell Beet, Sydney
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St Johns Cathedral, Brisbane external facings (Architect: J.L.
Pearson and others, 1909)}1

St Pauls Cathedral, Melbourne, tower and spires (Architect:
James Barr1926)

Union Bank, Brisbane (1916)

National Parliament Canberra — Courtyard Sculpture by Ewa
Pachuka entitled “Fossilisédchitectural Landscape” (1988)
utilising “Gosford Grey Sandstone” (Mayer 2009)

A more extensive list is provided by Deirmendjian (2002).

Other Heritage Issues

Three outcrop localities of Sydney sandstone, viz Cape Banks
North Bondi and Cut Rock near Kurrajong, are included in the
compilation of the geological heritage of New Sdtdes (Percival,
1985).

In 2013, a decision was made to invite eAdltralian $ate to
contribute “Federation Rocks” in order to inaugurate the “National
Rock Garden” in theAustralian National Capital of Canberra
(www.nationalrockgarden.grau). Sydney Sandstone or more
specifically

“Yellow Block” sandstone was selected to representttite 8f

New SouthiNales as a Federation Rock (Fletcher 2013; Pillans 2013).

Acknowledgements

Greg McNally reviewed the article in detail and made numerous
helpful suggestions.

Branagan, D.F 2013. Hawkesbury Sandston&Vhy choose it for
the National Rock GardefheAustralian Geologist 168: 25-28
(September 2013).

Branagan, D.Fand Packham,.B., 2000. Field geology of New South
Wales (Third Edition). Department of Mineral Resources, New
SouthWales, SydneyAustralia, 418pp.

Clarke,W.B. 1878. Remarks on the Sedimentary Formations of New
SouthWales (4' Edition). Government PrinteBydney 165pp.

Conaghan, B., 1980.The Hawkeshbury Sandstone: Gross
characteristics and depositional environmbmtHerbert, C., and
Helby, R. Editors),A Guide to the Sydney Basin: Bulletin
Geological Survey New Soutiales 26: 188-253.

Cooper B.J., 2012The historical use and trading of building stone
in SouthAustralia, and support for the associated induStoyth
Australian Geographical Journal, 110, pp. 5-29.

CooperB.J., 2014. Some examples of heritage stonesArmtralia.
Engineering Geology for Society aferritory - Volume 5.
Proceedings of the 12th Congress of IAE®in, Italy, September
2014 (6 pages).

Cooper B.J. and KramarS., 2014. “Sydney sandstone”: Heritage
Stone fromAustralia. Geophysical Reseamhstractsvol. EGU
GeneralAssemblyApril 2014, one page.

Cooper B.J., MarkerB.R., Pereira, D. and SchouendpoB. 2013.
Establishment of the “Heritagetd®e Task Group” (HSTG).
Episodes, v36, pp. 8-10 (March 2013).

Dana, J.D.1849. United&es exploring expedition during the years
1838, 1839, 1840, 1841, 1842 under the command of Charles
Wilkes, Geologyvol X, Philadelphia

The images were made available courtesy of the City of SydneyDeirmendjian, G2002. Sydney SandstoreCraftsman House Book

Archives.

The image photography is by Gary Deirmendjian, who first
published the images in his book entitled “Sydney Sandstone”
published by Craftsman House in 2002.

The School of Natural and Built Environments, University of
SouthAustralia provided excellent working facilities for BJC.

ReferenCGS(including Principal Literatur e)

Anonymous, 1884The Freestone Quarries at Pyrmont, SydNeyv
SouthWales. Scientifiémerican Supplement 8 March 1884, 3pp.
(Accessed from thet@ne Quarries and Beyond websitép://
quarriesandbeyond.org in July 2013).

Baglin, D. andAustin, Y. 1976. Historic sandstone Sydn&igby
Adelaide 191pp.

Baker R.T. 1915. Building and Ornamentato®es ofAustralia.
Technical Education Series, Department of Public Instruction,
New SouthWales, no. 19, pp. 1-169.

Branagan, D.F1996. Bricks, Brawn and Braindwo Centuries of
Geology and Engineering in the Sydney Region. Journal &
Proceedings of the Royal Society of New Soltales, v129,
pp. 1-32.

Branagan, D.F2000a.The Hawkesbury Sandstone: Its origin and
later life.In: McNally & Franklin (2000), pp. 23-38.

Branagan, D.F2000b. ®&uctural geology of the Hawkesbury
Sandstone with particular reference to the City of Sydney and
nearby areadn: McNally & Franklin (2000) pp. 39-54.

Branagan, D.R2010.The Russian Expedition Sydneisit in 1820
and Some Fgotten Blue Mountains Names. Journal and
Proceedings of the Royal Society of New Sdlfdles 143: 1-28.

144pp.

Fletcher S. 2013. National Rock Garden Updalée Australian
Geologist, v168, pp. 20-21.

Franklin, B.J. 2000. Sydney dimension stofiéne value of
petrography in stone selection and assessing durabitity
McNally & Franklin (2000) pp. 98-16.

Franklin, B.J..Young, J.Fand Powell, R. 2014lesting of Sydney
dimension sandstone for use in conservation of heritage buildings.
Australian Journal of Earth Sciencesf¢, pp. 351-362.

Heiman, J.K. 2000Testing of Sydney sandstorie: McNally &
Franklin (2000) pp. 214-222.

HughesT., Lott, GK. PoultneyM.J. & CooperB.J. 2013. Portland
Stone:A nomination for “Global Heritaget@e Resource” from
the United Kingdom. Episodes, 36, pp. 221-226.

Jones, G2013.WastelandWildernessWonderful: Getting to know
Sydneys Sandstone Countrlue Mountain Education and
Researcfrust 142pp.

Mayer, W. 2009. Images intBne:A guide to the building stones of
Parliament House. Geological Societyoktralia (ACTDivision)

40 pp.

McNally, G 2000. Sandstone and the Sydney environment.
McNally & Franklin (2000) pages ix-xiv

McNally, G and Franklin, B.J. (Editors) 2000. Sandstone City:
Sydneys dimension stone and other sandstone geomaterials.
Monograph Engineering & Hydrogeology Specialists Group,
Geological Society oAustralia 5: 330 pp.

Pells, RJ.N. 1985a. Engineering geology of the Sydney region.
Balkema, Rottendam 399 pp.

Pells, PJ.N. 1985b. Engineering properties of the Hawkesbury
Sandstone. In Pells (1985a) pages 179-197.

June 2015



131

Percival, 1.G, 1985.The Geological Heritage of New South Standard, J.C., 1964 ti@tigraphy structure and petrology of the
WalesVol.1. N.S.WNational Parks &Vildlife Service, Sydney

136 p.

Pillans, B., 2013. Federation Rocks - Inauguration SpeEch.
Australian Geologist,.V169, pp. 18-23.

Ray H., 2000The Sydney sandstone industry: Past and present. In:

McNally & Franklin (2000) pp. 150-162.
Spry, A., 2000. Sydney sandstongn overview In: McNally &
Franklin (2000), pp. 1-22.

Australia, he has been one of the leaders

Episodes \ol. 38, no. 2

Barry Cooperholds an MSc from
theUniversity of Melbourne and a PhD
from Ohio Sate University During the

1980s and 1990s Barry commenced |

investigations first into the history of
geology and later in dimension stone
geology In ‘retirement’as Associate

Professor at the University of South

in advocating formal designation of those
natural stones that have achieved

widespread recognition in human culture.

Barry is currently Secretary General of
both the Heritage t8ne Task Group
(HSTG) and the International
Commission on the History of Geological
Sciences (INHIGEO).

David Branagan is an Honorary
ResearchAssociate in the School of
Geosciences, University of Sydneshere

he was a teacher and researcher between
1959 and 1989, mainly in engineering
geology and photo-interpretation. He has
published a number of books and papers
on aspects dhustralian geology and its
history David was foundation editor of
“TheAustralian Geologist” (1974-1984)
and is an Honorary Life Member of the
Geological Society oAustralia. He was
President of the “International
Commission on the History of Geological
Sciences” (1992-1996) and was awarded
the Tom Vallance Medal by Geological
Society ofAustralia in 2012 for his
contribution to the history of geology
David was also awarded an Honorary
DSc by the University of Sydney in 2007.

Hawkesbury Sandstone. PhD thesis, University of Sydheyls.
(unpublished).

Standard, J.C., 1969yiassic System — Hawkesbury Sandstone. In:
Packham, @&. (Editor) Geology of New Souivales. Journal of
the Geological Society #ustralia 16(1): 407 — 417.

Wallace, |, 1971, ®dies on the natural building stones of New South
Wales. University of New Soutiales - Ph. D Thesis
(unpublished).

Brenda Franklin holds an MSc and PhD
from the University of New Soutivales.
Until 1996 she was Head, Department
of Applied Geology University of
Technology SydneySince then, she has
been a consulting geologist and currently
also a member of thaustralian IGCP
committee. Brenda’ main academic
research has been in mineralogy and
petrology With consulting she has
specialised in industrial minerals,
including gemstones and building stone.
Her recent research has often focussed
on the conservation of heritage sandstone
buildings in SydneyThis work involves
selection and technical evaluation of the
sandstone and research on weathering
mechanisms &cting Sydney sandstone.

Helen Rayis a geologist with more than
20 years’ experience with the Geological
Survey of New SouthVales. She now
works for consultancy “Geos Mining”.
She has also completed many
investigations and reports on dimension
stone and industrial mineral resources,
including a comprehensive study of the
dimension stone resources of NSStie
has advised government, industry and
individuals on dimension stone, heritage
sandstone, industrial minerals and
mineral exploration management. Her
more recent dimension stone work has
included advice on supplies of heritage
sandstone and independent technical
reports on dimension stone resources in
Australia,Vietham and China.
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News Report

The International Working Group on Man-Made Strata and Geo-pollution (MM S & GP)
I nternational Union of Geological Science (IUGS)
Commission on Geoscience for Environmental Management (GEM)
March 11, 2015

Geological Hazard Prevention Measures L earned from the 2011 Earthquake off the
Pacific Coast of Tohoku and the International Declaration on
Man-Made Strata and Geo-pollution

Four years have passed since the Great East Japan Earthquake oflyiagdh. We, international researchers on man
made strata and geo-pollution, pray for the victims of the earthquake to rest in peace and for a muciiefasteled, recovery
of the afected areasiVe also hope and pray for the health of the victims of the radiation pollution following the assoc
nuclear power plant accident and for science-led revitalization offdeted areas in future that we can be proud of for years
come.

The MMS & GPWorking Group of IUGS-GEM released the “International Declaration for Deterring the Geological Haz
occurring in the 201l Earthquake dthe Pacific Coast dfohoku” on June 1§ 2011. That declaration made the following threg|
points. (1)The need for investigation of, and measures against, damage from liquefaction-fluidization and ground wave
in Japan as “Jinami”) phenomena. {2 need for evacuation plans and measures against tsunami damafge.n(@gd for
investigation and measures against the radiation pollution resulting from the Fukushima Daiichi Nuclear Power Plant a

We acknowledged it to be an obligation of this international working group to summarize and report that earlier decl
for deterring geological hazards at fteérd United Nation®Vorld Conference on Disaster Risk Reduction (March 14th to 28

2015 in Sendai, Japan). Even though four years have passed since the diststee points listed above remain very true

today Thus, that international declaration continues to be a valid and important declaration for the prevention and mitiga
earthquake damage world-wide, and for the investigation and planning of measures against radiation pollution resulti
the nuclear power plant accident.

Since the birth of human civilization, the magnitude of disasters has been increasing with the expansion of sett
exposed to potential damagdith extensive developments on, and utilization of, land and coastal areas, the distribution of
made strata in those areas has been expanding and accel@itzbisg.man-made strata are not only more physically a
chemically varied than natural strata, but the range of associdéetsat also rapidly increasing. Furthermore, the Jin
Unconformity (as the base of man-made strata is termed in Japan) and variability of man-made strata also gives rise to
groundwater flows.

Investigations undertaken in the four years since the Great East Japan Earthquake have taught us that areas contal
made strata distributed werdeadted by many complex disasters and complex pollution events. For example, (1) the destr
of breakwaters and tsunami evacuation roads along the coast by liquefaction, fluidization, or ground waves before the 3
the tsunami and the subsequent arrival of huge tsunamis resulted in a complex disaster; (2) the transport and spouting
ground surface of pollutants contained in man-made strata due to liquefaction, fluidization, or ground waves caused loc3
as dispersed pollution adding to the complex disaster; and (3) the man-made strata distributed areas along the coast p
high concentrations of radioactivity from the Fukushima Daiichi Nuclear Power Plant accident were also found to have su
damage from liquefaction and fluidization, and tsunami, as well as the pollution from radioactive subBtereése the
complex disaster was caused by three factors.

The MMS & GPWorking Group of IUGS-GEM, in research focusing on man-made strata and geo-pollution, has bee
to confirm the close association of characteristics of the Jinji unconformity and the composition of man-made strata v
geological hazards and damage at the time of the earthquake. In additddforkitey Group was also able to confirm that
secondary sedimentation of layers containing radioactive substances from the Fukushima Daiichi Nuclear Power Pl
place during the formation processes of man-made strata.

Since the Holocene, the expansion of man-made strata throughout the globe has been unavoidable. On the occas
Third United Nation®Vorld Conference on Disaster Risk Reduction in Sendai, Japan, we stressed the increasing import]
the research on both the formation process of man-made strata and Jinji unconformity in connection with disasters so th
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around the globe will, some daye able to avoid or reduce the impacts resulting from these causes.
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Development and Innovation
6300 Bridge, Point ParkwaBuilding 2,
Suite 500
U Austin - 78730Texas
S(HO USA
Tel: +1 512 584 9183
E-mail: Imosc@statoil.com

New | GCP Projects Accepted and

Sarting in 2015 |
UNE

Project number: 637. Heritage $one
Designation

Nature of use (eg sculpture)
Vulnerability of supply

L]

° It has been widely recognized that sub-
e Historic use

L]

L]

aquatic landslides are of common occurrence
in lacustrine and marine environmeritsese
units have commonly been referenced to as

Geographic utilization
Related stones

Countries involved: Albania, Argentina,
ArmeniaAustralia,Austria, Belgium, Brazil,
Cambodia, Canada, Chile, China, Croatia, submarine landslides in the literatufdey
Cyprus, Czeck Republic, Denmark, Egypt, The project will enhance the capacity of pose a risk to coastal communities and
Finland, France, German@reece, Hungayy Heritage $oneTask Group (HSTG), which offshore infrastructure. During the past
India, Indonesia, Ireland, Italyapan, Korea, was established by International Union of decades geoscientists have made important
Malaysia, Malta, Mexico, New Zealand, Geological Sciences (IUGS) in 2012, to contributions towards the improved
Netherlands, NorwayPanama, Papua New undertake this workThis group has become understanding of submarine landslides.
Guinea, Portugal, Romania, Russia, Sloveniathe lagest international group representing Efforts by the geo-modelling community have
SouthAfrica, Spain, Sweden, Switzerland, natural stone geoscientists. helped fill the gap between submarine
Thailand, Timor Leste,Turkey, UK, USA, International heritage stone designation will landslide occurrence, dynamics and tsunami
Uruguay Vietnam. have social benefits by: genesis. Howeveour lack of understanding
Project leaders: Barry J. Cooper (Australia), ® promotion of increased awareness of of the causal mechanisms and timing of
Bjorn Schouenbay (Sweden), Dolores natural stone and its positive attributes submarine landslides has hampered progress

Pereira (Spain), Sabina Kramar (Slovenia),
Jan Elsen (Belgium), Josefh Hannibal
(USA), Brian R. Pratt (Canada), Nelson R. e
Shafer (USA), Fabiano Cabafias Navarro
(Brazil), Hirokazu Kato (Japan), M. Jayana-
nda (India), Phil Paige-Green (So#thica), °
Brian R. Marker (UK)

Duration: 2015-2019

Contact details: Prof. Barry J. Cooper

Barbara Hardy Institute o
Department of Natural & Built Environments

in terms of sustainability and regional in the prediction dbrt, which is essential to

economic development. implement appropriate mitigation measures.
facilitation of preservation/restoration of Complex issues like these can only be
extant stone heritage using appropriateaddressed via a multidisciplinary approach.
material. Interest in the study of submarine landslides
its encouragement to safeguard importantspans a wide range of sub-disciplines:
heritage stone resources from subsequengeologists studying the link between climate
sterilization where there is pressure for change and gas hydrate dissociation,
alternative development. planetary geologists using submarine
promotion of precise specification of landslides as terrestrial analogs, petroleum
stone in the same way that regional geologists evaluating the seal/reservoir

designation of foodsttg has occurred in
the European Union.

University of SoutAustralia
Adelaide SA 5001

Australia

Tel: +61 8 8302 5769

E-mail: barrycooper@unisa.edu.au

Project number: 640.S'LIDE (Significance
of Modern andAncient SubmarineSlope
LandSLIDES)

This project aims to firmly establish the
first international standard for building and Countries involved: Australia, Belgium,

capacity of ancient submarine landslides, and
engineers evaluating geotechnical riSkss
project seeks to create an international and
multidisciplinary platform allowing
geoscientists from academia and industry to
sustain a dialogue conducive to the
integration of findings from diérent fields
into a more cohesive understanding of

ornamental stones via extensive documentaBrazil, Canada, China, Colombia, Costa Rica,submarine landslides.

tion of those stones that have been significant~iji, France, GermanyGreece, India,
in human culture. Indonesia, Ireland, Israel, ltalapan, Malta,

Project number: 641. Deformation and

Suitable nominations will be sought New Zealand, NorwayPakistan, Republic of Fissuring caused by exploitation of

world-wide in an initiative that will aim to

record the following characteristics for each Turkey United Kingdom, USA.

stone type: Project leaders: Lorena Moscardelli (USA),
e Formal name Aaron Micallef (Malta), Michael Basser

Other names

Area of occurrence

Location of quarry/quarries

Geological age and setting
Primary color(s) and aesthetics
Natural variability

Composition

Technical properties

Claudio Lo lacono (UK), Maartevlanneste
(Norway), Yasushiroramada (Japan)
Duration: 2015-2020

Contact details: Dr. Lorena Moscardelli
Statoil Research
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Korea, Russia, Spain, Sri Lanka, Switzerland, Subsurface fluids

Countries involved: China, Egypt, India,
Iran, Italy Mexico, SpainThe Netherlands,

(Switzerland), Jason Chaytor (USA), Joshu USA
Mountjoy (New Zealand), David C. Mosher Project leaders: Dora Carreon-Freyre
(Canada), Sebastian Krastel (Germany),(Mexico), Devin Galloway (USA), Pietro

Teatini (Italy), ShujurYe (China)
Duration: 2015-2019

Contact details: Dora Carreon-Freyre
Centro de Geociencias, Universidad
NacionalAutonoma de Mexico



134

Vice-Chair UNESCONGLS The sub-Saharan regions submitted to theevolution of Mesozoic-Cenozoic fault
Campus Juriquilla African monsoon are vulnerable to climate bounded sedimentary basinsWICA-RIfts
Bd. Juriquilla 3001 variability and land use change thdeafthe  System and within plate Cenozoic magmatic
Querétaro, Queretaro. €. 76230 water cycle. In this context in accelerating activity along the Cameroovilcanic Line
Mexico change, itis imperative to improve knowledge is still controversial The spatial association
Tel: +52-442 238104 ext 12 about causality between climate and of historical and recent earthquakes and pre-
E-mail: freyre@geociencias.unam.mx anthropogenic forcing and variability of water existing lithospheric structures still a matter
resources. of debate. Degree and extend of regional or

Ground ruptures (earth fissures and  The main objective of this project is to local climate fluctuation/change and its
reactivation of pre-existing surface faults) carry out thematic workshops focusing on influence on weathering depths and
caused by extraction of fluids from the water resources under climate and anthro-decomposition of rocks, option available to
subsurface have been observed in hundredpogenic stress. Specificaluring four years,  population remain poorly know
of sedimentary basins worldwide, mainly in we’ll make one thematic workshop per year ~ The proposed new IGCP project aimed
USA and in semiarid areas of developing focused on key elements of the hydrologicalto maintain the existing team build upon
countries such as Mexico, China, India, cycle in order to improve the capacity of precursor IGCP 616 young project and to
Libya, Iran, SaudArabia. Unexpected fissure partners involved in the project (Benin, Cote continue to carry out multi-disciplinary
generation and fault activation associated withd'lvoire and Cameroon)jThe main aim of investigations on crustal architecture, clarified
anthropogenic land subsidence stronglythese workshops is to enhance the knowledgend quantified the link between basement
impact on the development of urban of participants to better contribute to studies, neotectonics, climate change and
settlements, industrial centers, agricultural sustainable water access and support fotandscape evolutionWe aim to exploit
and other economic activities. In this project agriculture, natural resource conservation,existing interest and activity and especially
we propose a scientific cooperative programfood security and human health.review  work to involve more isolated scientists and
between institutions and researchers toworkshop will be conducted at the fifth year teams, fill the remained gaps and introduce
improve the understanding of the processesn order to establish the synthesis of all previous and new data into a single holistic
involved in ground rupturing. M3EF3 plans workshops, the evaluation of the project andpattern of dynamic interaction in tropical
to use an integrated approach made by indits impact on the taet laboratories and environment.
situ Monitoring of surface deformation, consider prospective.
remote sensing techniques, hydro- This project leans on the LMI PICASS’ Project number: 648. Supecontinent
M echanical laboratory characterization, and EAU which associates diédrent laboratories Cycles and Global Geodynamics
mathematicall odeling M3). The significant  from West-Centrahfrica and FranceThese
amount of geological and hydrogeological laboratories study hydro (geo)logical Countries involved: Argentina,Australia,
information already available in Mexico, variability in relation with climate and land- Belgium, Botswana, Brazil, Canada, Czech
California, and China will be used initially cover changesThey have built a strong Republic, China, Egypt, Finland, France,
Then, the approach will be transferred to sitesbackground in international collaboration. Germany India, Japan, Mexico, New

in other developing countries. M3 will be Zealand, NorwayPortugal, Russia, South
used to produce anfettive tool to manage Project number: 646. Dynamic Interaction  Africa, South Korea, Spain, Swedeme
the geological risk associated with earth in Tr opical Africa NetherlandsTurkey, USA

fissuring and reactivation of surface faults. Project leaders: Zheng-Xiang Li (Australia),

Recommendations will be released for urbanProject |eaders: Kankeu Boniface (Cameroon), David Evans (USA), Shijie Zhong (USA),
development and the sustainable exploitationlzuchukwu Mike Akaegbobi (Nigeria), Bruce Eglington (Canada)
of subsurface fluid resources considering Asiedu Daniel K. (Ghana), R.O. Greiling Duration: 2015-2019

faulting and earth fissuring as constraints, (Germany), Jigen Runge (Germany) Contact details: Prof. Zheng-Xiang Li
especially in developing countries. Countries involved: Brazil, Cameroon, ARC Centre of Excellence for Core to
CentralAfrica Republic, France, Germagny Crust Fluid Systems (CCFS), afile
Project number: 643.Water Resources in ~ Ghana, Nigeria Institute for Geoscience Research (TIGeR)
Wet Tr opics ofWest-Central Africa Duration: 2015-2018 Department oApplied Geology
Contact details: Dr. Boniface Kankeu Curtin University
Countriesinvolved: Benin, Cameroon, Ivory Institute For Geological and Mining GPO Box U1987
Coast, France Research (IRGM) WA 6845, Australia
Project leaders: Bamory Kamagate (lvory E-mail:bonifacekankeu@yahoo.fr Tel: +61-8-9266-2453
Coast), Lionnelle Mandem-Bitom (Cameroon), E-mail: z.li@curtin.edu.au
NicaiseYalo (Benin), Luc Seguis (France) At the northern border ofArchean
Duration: 2015-2020 Congco-craton the regional significance of Rapid recent progress in supercontinent
Contact details: Prof. Bamory Kamagate Pan-African strike-slip shear zone and research indicates that Eaghiistory has
University of NanguAbrogoua compressional structures and the genetic linkdbeendominated by cycles of supercontinent
02 BP 801abidjan 02 between the geodynamic processes and orassembly and breakup. New developments in
Cote d’lvoire formation still to be clarify How deep geophysical imaging power and computer
Tel: + 225 02200401 Precambrian structures do reactivate, and itsimulation have provided increasingly clearer
E-mail: kambamory2@yahoo.fr precise influence on the location, type andviews of the Eartls interior and how the
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moving plates on the Earthsurface interact mantle depths (~60-80 km) of partial melting, International Geophysical Expedition”
with the deep planetary interion this  and therefore the discovery ophiolitic ~ (HEIGE), will advance evaluation of the past,
project, we will bring together a diverse range diamonds poses a significant conundrum. present, and future climate and water
of geoscience expertise to harness thesdelevant questions include: @e diamonds resources in the Pamir Mountains by
breakthroughs in order to explore the ubiquitous in the mantle, or do they only exist assessing impacts of natural variability and
occurrence and evolution history of in isolated mantle domains? (@Jhere did modern human activityThe proposed
supercontinents through time, and thethe carbon for diamonds come from? (3) How research will estimate the potential for abrupt
underlying geodynamic process@s.partof  did diamonds and other UHP minerals reachclimate and water resource change via major
this project, we will establish/improve global the surface?Answers to these questions climate drivers such as changes in solar
databases of geotectonics, palaeomagnetisnrequire global studies, and would contribute activity, greenhouse gases, atmospheric
mineral deposits, and the occurrences of passignificantly to our understanding of mantle circulation and atmospheric aerosols, water/
mantle plume events, and examine how thedynamics and recycling, and the operation ofnitrogen cycles, and sea surface temperature.
supercontinent cycles interacted with the deepthe Earth as a heat engine. Our project isHEIGE will plan to recover surface to bedrock
mantle to produce episodic and unevenlydesigned to address these questions. Ouice cores from the glaciers in central and
distributed Earth resourc@e project builds  research team is a leader in the study ofeastern Pamjrmainly in the territory of
on the success of a series of previous IGCRophiolite-hosted diamonds and hasn-house  Tajikistan, including an ice-core drilling site
projects. It will not only lead to major access to the necessary instrumentation to dop to 1km deep at the Fedchenko Glagieis
scientific breakthroughs, but also develop this researchWe will undertake systematic will be the deepest ice-core ever drilled
userfriendly GIS-based databases that can besampling of peridotites and chromitites in outside of the Polar Regions, thus providing
used by anyone who wants to reconstructdifferent ophiolites with a range in ages and climate records at a uniquely high-resolution
palaeogeographyest geodynamic models, geochemical dihities, to document the extent time scaleThe results of HEIGE are critical

model major climatic events such as Snowballof diamond occurrence in the mantle. for the development of adaptation and
Earth events, and predict exploratiorgets Trace element—isotope geochemistry andmitigation practices required to maximize
for Earth resources. precise geochronology will help us addresssocio-economic sustainability ifajikistan
Questions 2—3We will organize thematic and surrounding CentrAlsia countries in a
Project number: 649. Diamonds and meetings and training workshops for studentschanging climate and will answer the
Recycled Mantle and early-career researchers as venues fdiollowing science questions:
knowledge transfeiinternational collabora- (1) Will climate thresholds be crossed that
Countriesinvolved: Australia, Canada, Cuba, tion, and capacity buildingrhese activities change the current state of water
France, Germanyapan, MyanmaBSweden,  will contribute to training the next generations resources, and if so where, how fast, and
The Netherlandsfurkey, UK, USA of geoscientists and will provide them with how much?
Project leaders: JingsuiYang (China), opportunities to utilize modern instrumen- (2) How will local and regional changes in
Yildirim Dilek (USA), William L Griffin tation and to acquire quantitative skills. climate, snow coveglaciers, and perma-
(Australia), PaulT. Robinson (Canada), frost impact the regional hydrologgnd
Ibrahim Milushi (Albania), Mohamed Project number: 650. 3¢ Pamir High degradation, and ecosystem?
Metwaly Abu Anbar (Egypt) Elevation International Geophysical
Duration: 2015-2019 Expedition (HEIGE) International collaborative ffrts with the
Contact details: Prof. Dr. JingsuiYang CentralAsian countries, and in particular the
Key Laboratory of Continental Dynamics  Projectleaders: Vladimir Aizen (USA), Paul  Republic ofTajikistan, is also being facilitated
of the Ministry of Land and Resources Mayewski (USA), Christoph Mayer by UNESCO through joint coordination and
Institute of Geology (Germany), FraniWilhelms (Germany), support by the International Hydrological
ChineseAcademy of Geological Sciences Pascal Bohleber (Germany), Nozomu Programme (IHP) and International Geo-
(CAGS) Takeuchi (Japan), Koji Fujita (Japan). science Programme (IGCP) in a regional
26 Baiwanzhuang Road Countriesinvolved: GermanyJapan, USA context of scientific advancement and
Beijing, 100037 Duration: 2015-2019 capacity building activities in Centrakia.
China Contact details. Dr. Vladimir Aizen
Tel: (86) 10-68997804 Geography Department, College of Science
E-mail: yangjsui@163.com; University of Idaho 1
yangjsui@cags.ac.cn 1707 BoralAvenue Otha‘ I GCP PI‘OJ a:ts
Moscow ID - 83843-2405, USA
Recent studies of ophiolites show the Tel: +1 (208) 596-0085 No. 589 Development of thAsian Tethyan
presence of diamonds in both chromitites andE-mail: aizen@uidaho.edu Realm

peridotitesThese tphiolite-hosted diamonds’
represent a new occurrence of ultra high-  Seasonal snow and glaciers of the PamirProject leaders: Xiaochi Jin (China), Katsumi

pressure (UHP) minerals, whose estimatedMountains supply water to over 60 million Ueno (Japan), Graciangumul JR
pressure-temperature conditions indicatepeople inTajikistan, UzbekistanTurkme- (Philippines), Pol Chaodumrong
crystallization at mantle depths of 150-300 nistan,Afghanistan and north-west China. (Thailand)

km or more. Current models of oceanic The proposed international collaborative Duration: 2012-2016
lithosphere production presume shallow research project: “3rd PartsrHigh Elevation ~ Websitein process
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No. 591.The Early to Middle Palaeozoic
Revolution

Project leaders: Bradley D. Cramer (USA),
Sivile Sigaité (Lithuania)Thijs R.A.

Vanderbroucke (France), Kathleen Histon

(Italy), Renbin Zhan (China), Guillermo
L. Albanesi (Agentina), Michael J.
Melchin (Canada), Mikael Calner
(Sweden)

Duration: 2011-2015

Website: http://igcp591.ay/

No. 592. Continental construction in
Central Asia

Project leaders: Inna Safonova (Russia),
Reimar Seltmann (UK), Min Sun (China)

Duration: 2012-2015

Website: http://wwwiagod.og/igcp/

No. 596. Climate Change and Biodiversity
Patterns in the Mid-Paleozoic

Project leaders: Peter Kénigshof (Germany),
Thomas J. Suttner (Austria), lliafa
Boncheva (Bulgaria), Nadezhdal@kh
(Russia), Phuonga Hoa (\fetnam),

Thasinee Charoentitirat (Thailand), Johny

A. Waters (USA)Wolfgang Kiessling
(Germany)

Duration: 2011-2015

Website: http://wwwsenckenbey.de/root/
index.php?page_id=14651

No. 597 Amalgamation and Breakup
Pangeea: theType Example of the
Supercontinent Cycle

Project leaders: J. Brendan Murphy (Canada),
J. Duncan Keppie (Mexico), Cecilio
Quesada (Spain), Bill Collins (Australia)

Duration: 2011-2015
Website: http://wwwwix.com/declan_15/test

No. 604. Goundwater and Wetlands in
Ibero-America

Project leaders: Emilia Bocanegra (Ayentina)
Gerdon Cardoso (Brazil), Emilio
Custodio (Spain)Teresita Betancur
(Colombia), Marisol Manzano (Spain)

Duration: 2011-2015

Website: http://www.mdp.edu.ar/hidrogeo-
logia/IGCP604/description.php

No. 608 Asia-Pacific Cretaceous
Ecosystems

Project leaders: Hisao Ando (Japan),
XiaogiaoWan (China), Daekyo Cheong
(Korea), Sunil Bajpai (India)

Duration: 2013-2017

Website: http://igcp608.sci.ibaraki.ac.jp/

No. 609. Cetaceous Sea-Level Changes

Project leaders: MichaelWagreich (Austria),
Xiumian Hu (China), SilkeVoigt

(Germany), Julleh J. Rahman (Bangla-

desh), Ismail OYilmaz (Turkey),
Svethana Zorina (Russia)

Duration: 2013-2017

Website: http://wwwunivie.ac.at/igcp609/

No. 610. Fom the Caspian to Mediterra-
nean Environmental Change and Human
Response during the Quaternary

Website: http://wwwavalon-institute.ay/
IGCP610/index.php

No. 618. Paleoclimate information obtained
fr om past-recharged goundwater

Project leaders: Dioni |. Cenddn (Australia),
Jianyao Chen (China), Jason J. Gurdak
(USA), OfeliaTujchneider (Agentina),
Emerit. Sylvi Haldorsen (Norway), .Ir
M.J (Martine) van der Ploeg (The
Netherlands), ReiiVaikmée (Estonia),
Roland Purtschert (Switzerland) Najiba
Chkir Ben Jemaa (inisia)

Duration: 2012-2016

No. 624 OneGeology

Project leaders: A Malahof (New Zealand),
G Schneider (Namibia), S. M. Kimball
(USA), A. Tsukuda (Japan), M. van der
Meulen (Netherlands)

Duration: 2013-2017

Website: http://wwwonegeologyrg/

No. 628.The Gondwana Map Poject

Project leaders: R. Silva Schmitt (Brazil), M.
De Wit (South Africa), A. Collins
(Australia), PRossi (France), C. Reeves
(Netherlands), E.J. Milani (Brazil)

Duration: 2013-2016

Website in process

| GCP Secretariat
UNESCO, Division of Ecological and
Earth Sciences, 1, Rue Miollis

Project leaders: V. Yanko-Hombach 75732 Paris Cedex 15,
(Ukraine), N. Panin (Romania), Mehmet France
Celal 6zdodan (rkey), Olena Smyntyna Tel: +33 14568 41 18
(Ukraine),T.A. Yanina (Russia) Fax: +33 1 45 68 58 22
Duration: 2013-2017 E-mail: igcp@unesco.org
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IUGS EXECUTIVE COMMITTEE

President

Prof. Dr Roland OBERHAENSLI
Institute of Earth & Environ. Sciences
Karl Liebknecht 8. 24 25, HS 27
DE-14476 Potsdam OT Golm
GERMANY

T: +49 331 977 5870

F: +49 331 977 5700

E: R.Oberhaensli.lUGS@geo.uni-
potsdam.de

Secretary General (2014-2016)
José PCALVO

Facultad CC. Geologicas
Universidad Complutense
JoséAntonio Novais 12

Madrid ES-28040SFAIN

T: +34 91 394-4902

E: jpcalvo@ucm.es

Treasurer

Prof. DONG Shuwen

ChineseAcademy of Geological Sciences
No. 26, Baiwanzhuang Road

Xicheng District, Beijing 100037

CHINA

T: +86 10 6899 9606

F: +86 10 6831 0894

E: shuwen.dong@gmail.com;
swdong@cags.ac.cn

Vice Presidents:
Prof.Yildirim DILEK

Department of Geology and Environmental

Earth Sciences, Miami University
Oxford, Ohio 45056

UNITED STATES

T: +1 513 529 2212

E: dileky@miamioh.edu

Prof. Marko KOMAC

Geological Survey of Slovenia
Dimieeva ulica 14, SI-1000 Ljubljana
SLOVENIA

T: +386 (0)1 2809 700

F: +386 (0)1 2809 753

M: +33 68 0455952

E: marko.komac@geo zs.si

Past Secetary General
Dr. lan LAMBERT (AUSTRALIA)

Councillors (2012-2016)
Prof. Hassina MOURI
Department of Geology
Faculty of Science
University of Johannesbgr
Auckland Park Campus
SOUTHAFRICA
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T: +27 11 559 4706
F: +27 1L 559 4702
E: hmouri@uj.ac.za; iugsmouri@uj.ac.za

Prof. Yujiro OGAWA
Professor Emeritus*

1127 2 C 74Xokodai
Tsukubamirai 300 2358
JARAN

T: +81 297 57 1683

F: +81 297 57 1683

E: fyogawa45@yahoo.co.jp
* at University ofTsukuba

IUGS Councillors (till August 2018)
Dr. Sephen JOHNSON

Earth & Ocean Sciences
University ofVictoria

PO Box 3065

Victoria BCV8W 3V6

CANADA

T: +1 250 216 7963

F: +1 250 721 6200

E: stj@uvic.ca

Ms.Amel BARICH

InstitutoAndaluz De Ciencias De LEerra
Av. Las Palmeras No.4

Armilla ES-18100

SRAIN

T: +34 664 844 073

E: amel.barich@gmail.com

IUGS Secetariat

Mr. WANG Wei

ChineseAcademy of Geological Sciences
No. 26, Baiwanzhuang Road

Xicheng District

Beijing 100037

CHINA

T: +86 10 8833 3287

F: +86 10 8833 3295
E:iugs.beijing@gmail.com

IUGS COMMITTEES

Nominating Committee

Chairperson

Prof Jacque€HARVET

373 rue des Clatz, Olivet 45160
FRANCE

T: +33-238692684

E: jacquespcharvet@orange.fr

Members
Dr. Peter BOBROWSKYCANADA)
PeteBobrowsky@nrcan-rncan.gc.ca

Prof. (Eme) Dr. Niichi Nishiwaki
(JARAN)
niichi@osaka.zagq.jp
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Dr. Harsh GUPA (INDIA)
harshgl23@gmail.com

Dr. Ricardo OLEAUUNITED STATEYS)
rolea@usgs.gov

Dr. LopoVASCONCELOS
(MOZAMBIQUE)
lopovasconcelos@gmail.com

Publication Committee

Chairperson

Dr. Brian MARKER

40 KingsdowrAvenue
LondonW13 9PT

UNITED KINGDOM

T: +4420 8567 5946

E: brian@amarkereeserve.co.uk

Members
Ms. Amel BARICH (Morocco)
amel.barich@gmail.com

Dr. Peter BOBROWSKYCanada)
PeterBobrowsky@nrcan-rncan.gc.ca

Dr. Fareeduddin AREEDUDDIN (India)
fareedromani@hotmail.com

Prof. Dolores PEREIRA (Spain)
mdp@usal.es

Dr. YANG Zhenyu (China)
Zhenyu.yang@yahoo.com

International Geological
Congress

35™ INTERNATIONAL GEOLOGICAL
CONGRESS

Capetown, SAfrica

Aug. 27-Sept.4, 2016

http://www 35igc.og

President

Prof. Dr RichardVILJOEN
35th IGC Foundation

Suite 200, Private Bag 209
Benmore, Johannesiyu2010
SOUTHAFRICA

T: +2711 884 561

F: +2711 884 5600

E: ricmir@global.co.za

Secetary General

Dr. GregBOTHA

35th IGC Foundation
Council for Geoscience
PO Box 900
Pietermaritzbuy 3200
SOUTHAFRICA
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T: +27 (0)33 345 6265
F: +27 12 841 1076
E: Gabotha@geoscienceggara

36™ INTERNATIONAL
GEOLOGICAL CONGRESS
http://www.361GC.og

Working Office cum Secetariat (WOCS)
36th International Geological Congress
Geological Survey of India

C II, Pushpa Bhavan

Madangir Road

New Delhi 110062

INDIA

E: igc.delhi2020@nic.in

UNESCO Division of Ecological and
Earth Sciences
http://www.unesco.a/science/earth

Dir ector

Dr. Qunli HAN
UNESCO

Natural Sciences Sector
Bureau 5.07b

1, rue Miollis

F-75732 Paris Cedex 15
FRANCE

T: +33 (0) 1 45 68 40 67
F: +33 (0) 145 685 822
E: g.han@unescogr

Senior Programme Specialist
Dr. Patrick McCKEEVER

E: pj.mckeever@unescogr
T: +33 (0) 1 45 68 41 17

International Council of
Science (ICSU)

http://www.icsu.og

President

Prof. GordonMCBEAN

The Institute for Catastrophic Loss
Reduction

The University ofWestern Ontario
151 Richmond Beet

London, N6A 5B9

Canada

T: +1 519 661 211 ext. 84274

F: +1 519 661 3750

E: gmcbean@uwo.ca

Executive Director

Dr Heide Hackmann

International Council for Science (ICSU)
5 rueAugusteVacquerie

Paris 7516

France

T: +33145 2503 29

F:+33 1428894 31

E: secretariat@icsu.gr

Director, ICSU ROA

Dr Edith Madela-Mntla

ICSU Regional Ofce forAfrica
P.O. BOX 13252

Hatfield, Pretoria 0028
SouthAfrica

T: +27 (0) 12 349 7731/ 7730
F: +27 (0) 12 349 7734

E: secretariat@icsu-africagr

Dir ector, ICSU ROAP

Prof. Mohd Nordin Hasan

ICSU Regional Ofce forAsia and the
Pacific

902-4 JalarTun Ismail

Kuala Lumpur 50480

Malaysia

T: +603-2694-9898

F: +603-2691-7961

E: nordin.hasan@icsu-asia-pacifigor

Director, ICSU ROLAC

Dr Manuel Limonta

ICSU Regional Cffce for LatinAmerica
and the Caribbean

Casarlalpan Km. 23.5 Carretera Federal
México — Cuernavaca

Avenida Cipreses s/n,

Colonia SarAndrésTotoltepec

Tlalpan, México City 14400

Mexico

T: + 52 5558 49 20 32

F: + 52 5558 49 51 08

E: manuel.limonta@icsu-latin-america-
caribbean.ay

GEOUNIONS (GU)
http://wwwicsu-geounions.gf

This is the network of scientific unions of
ICSU that deal with Earth and space
sciences.

INTERNATIONAL UNION FOR
QUATERNARY RESEARCH (INQUA)
http://inqua.og

President (until July 2015)
Dr MargaretAvery

Natural History Department
PO Box 61

CapeTown 8000
SouthAfrica

T: +27 (0)21 4656455

F: +27 (0)21 4656455

E: mavery@iziko.ay.za

Secetary General

Dr Julius Lejju
Department of Biology
Mbarara

Uganda

T:+256 782 809814
F: +256 485 20782

E: jleju@must.ac.ug

INTERNATIONAL UNION OF
GEODESY AND GEOPHYSICS (IUGG)
http//www.iugg.og

President

Prof Harsh K. Gupta

Member National Disaster Management
Authority, Government of India
NDMA

BhawanAl, Safdarjung Enclave
New Delhi 1.0 029

India

T: +91-11-26701738

F: +91-11-26701769

E: harshgupta@nic.in

Secetary General

Prof.Alik T Ismail-Zadeh
Institute ofApplied Geosciences
Adenauerring 20b, Geb. 50.40
DE-76131 Karlsruhe

Germany

T: +49 (0) 721 608 44610

E: alik.ismail-zadeh@kit.edu

INTERNA TIONAL GEOGRAPHICAL
UNION (IGU)
http://wwwigu-online.og

President

Prof. Vladimir Kolossov

Institute of Geography of the Russian
Academy of Sciences,

Staromonetny peyr29

Moscow 119017, Russia

T: +7 495 959 0029

F: +7 495 959 0033

E: vladimirkolossov@rambleu

Secretary

General andreasurer

Prof. Michael Meadows
University of Cap&own, Private Bag X3
Department of Environmental and
Geographical Science

South Lane, Upper Campus
Rondebosch 7701, Sowffrica

T: +27 21 650 2873

F: +27 21 650 3456

E: mmeadows@mweb.co.za

INTERNATIONAL UNION OF SOIL
SCIENCES
http://wwwiuss.og

President

Prof. Rainer Horn

Institute for Plant Nutrition and Soil
Sciences

ChristianAlbrechts University
DE-24098 Kiel, Germany

T: +49 431 880-3190

F: +49 431 880-2940

E: rhorn@soils.uni-kiel.de
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Secretary

Dr. Sigbert Huber

IUSS Secretariat
EnvironmeniAgencyAustria

Spittelauer Lande 5

AT-1090Vienna

Austria

T: +43 (1) 31304 3670

E: sigbert.huber@umweltbundesamt.at

INTERNATIONAL SOCIETY FOR
PHOTOGRAMMETR Y AND REMOTE
SENSING

http://wwwisprs.og/

President

Dr. Jun Chen

28 Lianhuachixi Road

Haidian District, Beijing 100830
China

T: +86-10-6388102

F: +86-10-63881026

E: chenjun@nsdi.goon

Secretary General

Dr. Christian Heipke

Leibniz University Hannover
Institute of Photogrammetry and
Geolnformation, Nienbger Sr. 1
DE-30167 Hannover

Germany

T: +49-511-762-2482

F: +49-511-762-2483

E: isprs-sg@ipi.uni-hannovee

INTERNA TIONAL ASTRONOMICAL
UNION
http://www.iau.og

Secretary General

Dr. Thierry Montmerle
IAU - UAI Secretariat
98-bis BlvdArago
FR-75014 Paris
France

T: +33 143 258358
F: +33143 2526 16
E: iau@iap.fr

President

Dr. Norio Kaifu
NAQJ

Director's Ofiice
2-21-1 Osawa
Mitaka-Shi

Tokyo 181-8588
Japan

T: +81 42 675 5150
F: +81 42 675 4967
E: noriokaifu@nao.ac.jp

INTERNATIONAL UNION OF RADIO

SCIENCE
http://www.ursi.og/
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President

Prof. Paul Cannon
Gisbert Kapp Building
University of Birmingham
Edgbaston

Birmingham B15 2TT

UK

T: +44 (0) 7990 564772
E: p.cannon@bham.ac.uk

Secetary General

Prof. Paul Lagasse

c/o INTEC

Ghent University
Sint-Pietersnieuwstraat 41
Ghent B-9000

Belgium

T: +32 (0) 9 264 33 20

F: +32 (0) 9 264 42 88

E: info@ursi.og

INTERNATIONAL CARTOGRAPHIC
ASSOCIATION
http://wwwicaci.og/

President

Prof. Geog Gartner

Institute of Geoinformation and
Cartography

Vienna University offechnology
Erzherzog Johann Platz 1
Vienna 1040,

Austria

T: +43 1 58801 12611

F: +43 1 58801 12699

E: president@icaci.gr

Seceetary-General andTr easurer
Prof. Laszl6 Zentai

Department of Cartography and
Geoinformatics

E6tvos University

Pazmany Péter sétany 1/A
H-1117 Budapest

Hungary

T: +36 1 3722975

F: +36 1 3722951

E: sg@icaci.ay

Episodes
Journal of International Geoscience
http://www.episodes.co.in

Editor

Dr. Fareeduddin A/REEDUDDIN
Geological Society of India

No0.63, 12th Cross, Basappal Layout
P.O. 1922, Gavipuram

Bangalore - 560 019

India

T: +91 9886402487

F: +91 080 26613352

E: fareedromani@gmail.com
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IUGS COMMISSIONS

MANAGEMENT & APPLICATION OF
GEOSCIENCE INFORMATION (CGl)
http://www.cgi iugs.og

Chairperson

Frangois ROBIDA

BRGM

3,Av. Claude Guillemin
BP 36009

FR-45060 Orléans Cedex
FRANCE

T: +33 238 64 3132

F: +33 238 64 3840

E: f.robida@bgm.fr

Secetary General
Dr. KristineASCH

Bundesanstalt fir Geowissenschaften und

Rohstofe

Stilleweg 2

DE-30655 Hannover
GERMANY

T: +49 511 643 3324

F: +49 51 643 3782

E: Kristine.Asch@bgde

Treasurer

Dr. RoberfTOMAS
European Commission
DG Joint Research Centre

Unit HO6-Digital Earth and Reference Data

Via Enrico Fermi 2749

IT-21027 Ispra (X),ITALY

T: +39 0332 78 5426

F: +39 0332 78 6369

E: robert.tomas@jrc.ec.europa.eu

CGIl Members
G ASATO (Japan)
g_asato2000@yahoo.com

P. BAUMANN (Germany)
p.baumann@jacobs universig

M. FRAME (United Sates)
mike_frame@usgs.gov

R. HUGHES (United Kingdom)
rah@bgs.ac.uk

K. MHOPJENI (Namibia)
kkmhopjeni@mme.gowua

K. MIYAZAKI (Japan)
kazu miyazaki@aist.go.jp

S. MUNOZ (Dominican Republic)
yuboa@hotmail.com

D. PERCY(United Sates)
percyd@pdx.edu
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O. RAYMOND (Australia)
oliver.raymond@ga.gosu

ZHANG M. (China)
zminghua@mail .cgs.gan

GEOSCIENCE FOR
ENVIRONMENT AL MANAGEMENT
(GEM)

http://wwwiugs gem.ay

Chairperson

Dr. Benjamin MARANI

Geology Dept., Univerisity of Namibia
H Block, Mandume Ndemufaywenue,
PioneersparkWindhoek

NAMIBIA

T: +264 61 2063745

F: +264 61 2063791

E: lolelaani@gmail.com;
bmapani@unam.na

Vice Chairpersons

Prof. Dr HE Qingcheng

China Institute for Geo Environmental
Monitoring, No.20 Dahuisi Road
Haidan District, Beijing 100081
CHINA

T: +86 10 62171221

F: +86 10 62173426

E: heqgc@mail.cigem.gawn

Prof. KevinTelmer
Artisanal Gold Council
2675 Seaview Road
Victoria BCV8N 1K7
CANADA

T: +1 250 590 9433
E: ktelmer@uvic.ca

Treasurer

Dr. Kaj LAX

Geological Survey of Sweden
PO Box 670, SE 75128 Uppsala
SWEDEN

T: +46 18 17 93 94

F: +46 18 17 92 10

E: kaj.lax@gmail.com

Acting Secretary General

Dr. Brian R.MARKER

40 KingsdowrAvenue
LondonW13 9PT

UNITED KINGDOM

T: +44 2 8567 5946

E: brian@amarkefreeserve.co.uk

Leaders of GEMWorking Gr oups

Hazards (A. NI1Z)
aniz@tecno.unca.edu.ar

Drinking Water (I.S. ZEKSTER)
zektser@aqua.lasar

Adaptation to Climate Change
(P. SCHMIDT THOME)
philipp.schmidt thome@gtk.fi

Dust (J.A. CENTENOand B.MARKER)
tonycent@comcast.net
brian@amarkefreeserve.co.uk

Gold and Mercury (K. TELMER)
ktelmer@uvic.ca

Land Subsidence and Goundwater
(HE, Qingcheng)
hegc@mail.cigem.goen

GEM Regional officers
S.Africa (B. MAPANI)
bmapani@unam.na

W. Africa (S.AL HASSAN)
shassangh@yahoo.com

E. Asia (H. NIREI)
nireihisashi@msn.com

S.Asia (M. DEB)
mihirdeb@gmail.com

S. EastAsia (TinnakomTATONG)
ttatong@hotmail.com

USA and Caribbean
(J.A.CENTENOQ
tonycent@comcast.net

S.America (A.E. NIZ)
aniz@tecno.unca.edu.ar

S. Europe: E. DASILVA
eafsilva@ua.pt

N. Europe-Scandinavia
(P. SCHMIDT THOME)
philipp.schmidt thome@gtk.fi

E. Europe Eurasia
(1.S. ZEKSTER)
zektser@aqua.laser

W. Europe (S. PRICE)
sprice@bgs.ac.uk

INTERNATIONAL COMMISSION ON
STRATIGRAPHY (ICS)
http://lwww stratigraphyorg

Chairperson

Prof. Sanley FINNEY

Department of Geological Sciences
California Sate University at Long Beach
Long Beach, CA 90840

UNITED STATES

T: +1 310 710 0701

E: scfinney@csulb.edu

Vice Chairperson

Prof. PENG Shanchi
ChineseAcademy of Science
Nanjing Institute of Geology and
Palaeontology39 east Beijing Road
Nanjing 210008, CHINA

T: +86 25 83282135

E: scpeng@nigpas.ac.cn

Secetary General

Prof. Paul R. BOWN

University College London
Department of Geological Sciences
Gower $reet, LondonWC1E 6BT
UNITED KINGDOM

T: +44 207 504 2431

F: +44 207 388 7614

E: p.bown@ucl.ac.uk

Chairpersons of ICS Subcommissions
Quaternary
http://quaternargtratigraphyrg

Martin J. HEAD

mjhead@brocku.ca

Neogene
http://neogene.stratigraployg
Isabella RAFFI
raffi@unich.it

Paleogene
http://paleogene.stratigrapbyy
Simonetta MONECHI
monechi@unifi.it

Cretaceous
http://cretaceous.stratigrapbyg
Malcolm HART
M.Hart@plymouth.ac.uk

Jurassic
http://jurassic.stratigraptyrg
Stephen HESSELBO
Stephen.Hesselbo@earth.ox.ac.uk

Triassic
http://triassic.stratigraphyrg
Marco BALINI
Marco.Balini@unimi.it

Permian
http://permian.stratigraptogrg
SHEN Shuzhong
szshen@nigpas.ac.cn

Carboniferous
http://carboniferous.stratigraployg
Barry RICHARDS
barryrichards@NRCan-RNCan.gc.ca

Devonian
http://devonian.stratigraptorg
John MARSHALL
jeam@noc.soton.ac.uk
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Silurian
http://silurian.stratigraphgrg
Michael MELCHIN
mmelchin@stfx.ca

Ordovician
http://www.ordovician.stratigraphgrg
David HARPER
david.harper@durham.ac.uk

Cambrian
http://cambrian.stratigraptorg
Loren BABCOCK
loren.babcock@geol.lu.se

Ediacaran
http://ediacaran.stratigraployg
XIAO Shuhai

Xiao@vt.edu

Cryogenian
Graham SHIELDS
g.shields@ucl.ac.uk

Precambrian
http://precambrian.stratigraployg/
Martin VAN KRANENDONK
martin.vankranendonk@unsdu.au

Stratigraphic Classification
http://stratclassif.stratigraplorg
Brian PRA'T
brian.pratt@usask.ca

INTERNATIONAL COMMISSION ON
THE HIST ORY OF GEOLOGICAL
SCIENCES (INHIGEO)
http://www.inhigeo.og

President

Prof. KennetiTAYLOR

Department of the History of Science
University of Oklahoma

Norman, OK 73019 0315

UNITED STATES

T: +1 405 325 5788

F: +1 405 325 2363

E: ktaylor@ou.edu

Secretary General

Dr. Barry J. COOPER
Barbara Hardy Institute
School of Natural and Built Environments
University of SoutlAustralia
GPO Box 2471

Adelaide SA 5001
AUSTRALIA

T: +61 8 8302 5769

F: +61 8 8302 5082

E: barrycooper@unisa.edu.au

Editor

Dr. Wolfgang MAYER
Research School of Earth Sciences

Episodes \ol. 38, no. 2

Australian National University
CanberraACT 0200
AUSTRALIA

E: wolf.mayer@bigpond.com.au

Past President . FIGUEIROA)
figueiroa@ige.unicamp.br

INHIGEO Regional Vice Presidents:
Asia (ZHANG Jiuchen)
zhangjiuchen9@sina.com
Australasia & Oceania(M. JOHNSTON)
mike.johnston@xtra.co.nz
Europe(M. KOLBL-EBERT)

koelbl ebert@jura museum.de

L. America (F AZUELA)
katomirodriguez@yahoo.com

N. America (G. GOOD)
ggood@aip.ay

Ex Officio:

Past Secetary General (K. BORK)
bork@denison.edu

Episodes Coordinator(K. COOK)
kscook@ku.edu

IUGS COMMISSION ON
GEOSCIENCE EDUCATION,
TRAINING AND TECH TRANSFER
(COGE)

http://wwwiugscoge.com

President

Prof. Dr. JesUdMARTINEZ-FRIAS
Geosciences Institute, IGEO (CSIC-UCM)
Facultad de Ciencias Geoldgicas

C/ JoséAntonio Novais 12

Ciudad Universitaria

ES-28040 Madrid, SRN

T: +34 91 3944813

F: +34 913944798

E: j.m.frias@igeo.csic-ucm.es

Vice Chairperson

Prof. Chris KING

Keele University

Keele, $affordshire ST5 5BG
United Kingdom

T: +44 (0) 1782 734437

E: c.j.h.king@educ.keele.ac.uk

Secetary General

Dr. Jennifer NOCERINO

Program Oficer, Education & Outreach
Geological Society ohAmerica

3300 Penrose Place

Boulder Colorado 80301

UNITED STATES

T: +1 303 357 1036

E: jnocerino@geosocietyg

COGE members:
Y. BOURGEOINI (Morocco)
boumgeoini@gmail.com
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M. CANO (Philippines)
jurassic_mike@yahoo.com

I. CLARK (Australia)
lan.Clark@unisa.edu.au

KB ISMAIL-LA TTRACHE (Tunisia)
kmbenismailattrache@yahoo.fr

CJ KIM (South Korea)
chajokim@snu.ac.kr

G LEWIS (United $ates)
glewis@geosocietgrg

GregMCNAMARA (Australia)
geoservices@geoed.com.au

Alan MORGAN (Canada)
avmogan@.uwaterloo.ca

A. NIZ (Argentina)
doctoradogeologia.unca@gmail.com

E. NKHONJERA (Malawi)
elyvinnkhonjera@gmail.com

OCHIR Gerel (Mongolia)
gerel@mtu.edu.mn

R. SHANKAR (India)
rshankar_1@yahoo.com

A. WICKRAMASOORIYA (Sri Lanka)
awickramasooriya@yahoo.com

Earthlearningidea
http://www.earthlearningidea.com/

COMMISSION ON TECTONICS AND
STRUCTURAL GEOLOGY
(TECTASK)

http://www.tectask.ay

Chairperson

Prof.Alison ORD

Centre for Exploratioifesting (CET)
The University olWestermustralia

35 Sirling Highway; CrawleyWA 6009
AUSTRALIA

T: +61 8 6488 2260

M: +61 41 993 1276

E: alison.ord@uwa.edu.au

Vice Chairperson

Prof. Manuel SINTUBIN

Geodynamics & Geofluids Research Group
Dept. of Earth & Environmental Sciences
Katholieke Universiteit Leuven
Celestijnenlaan 200E, Box 2410

BE-3001 Leuven, BELGIUM

T:+32(0)16 32 64 47

E: manuel.sintubin@ees.kuleuven.be;
mark.jessell@Imtg.obs-mip.fr
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Treasurer

Prof. Elena DRUGUET
Departamento de Geologia
UniversitatAutonoma de Barcelona
ES-08193 Bellaterra (Barcelona)
SRAIN

T: +34 93 581 163

F: +34 93 581 1263

E: elena.druguet@uab.es

Secrtary General

Dr. Hermann LEBIT

Camac Engyy

1330 Post Oak Blvd., Suite 2250
Houston,TX 77056 USA

T: +1 713 797 2970

M: +1 770 856 7038
Hermann.Lebit@camacemgtcom
lebit@sbcglobal.net

Tectask Oficers

P. BONS (Germany)

R. CAROSI (Italy)

J. DEWEY (United Sates)
K. HEIN (SouthAfrica)

B. HOBBS (Australia)

M. JESSELL (France )

H. KOYI (Sweden)

M. LOMPO (Burkina Faso)
M. MAMTANI (India)

N. MANKTELOW (Switzerland)
C. FASSCHIER (Germany)
G. PENNACCHIONI (ltaly)
S. SENGUPA (India )

T. TAKESHITA (Japan)
R.VERNON (Australia )

Tectask JuniorOfficers
T. TORVELA (United Kingdom)
A. CHANOU (Canada)

TASK GROUPS

GLOBAL GEOCHEMICAL
BASELINES (TGGGB)
http://www.globalgeochemicalbaselines.eu/

Leader

Dr. David B. SMITH

USGS

Mailstop 973; Denver Federal Center
Denver Colorado 80225

UNITED STATES

T: +1 303 236 1849

F: +1 303 236 3200
E:dsmith@usgs.gov

Leader

Dr. WANG Xueqiu

Institute of Geophysical and Geochemical
Exploration, 84 Golden Road

Langfang, Hebei 065000

CHINA

T: +86 316 226 7629
F: +86 316 221 2744
E: wangxueqiu@igge.cn

Scientific Secetary

Mr. Shaun REEDER

British Geological Survey
Keyworth

Nottingham NG12 5GG
UNITED KINGDOM

F: +44 (0) 15 9363261

T: +44 (0) 15 9363523

E: shaun.reeder@hotmail.co.uk

TGGGB Coordinators:
Australasia: P. DE CARITAT
Patrice.deCaritat@ga.gawu

Africa:

K. SHEPHARD k.shepherd@cgiarg
T. DAVIES daviestheo@hotmail.com
M. CLOEE mcloete@geosciencegara
B. TURAY turay78@yahoo.co.uk

SAmerica:

C.A. LINS carlos.lins@cprm.gadwr;

J. LARIZZATTI
joao.larizzatti@cprm.golr

G PRIETO gprieto@ingeominas.gmo

China and SEAsia: WANG Xueqiu
wangxuedqiu@igge.cn

Europe: C. Reimann
Clemens.Reimann@ngu.no

Indian sub-continent:
P. GOVIL govilpk@gmail.com
M. JOSEPH mathewj65@yahoo.com

North America:

D.B. SMITH dsmith@usgs.gov;

F MOREIRA fmoreira@sgm.gob.mx
A RENCZAndy.Rencz@NRCan-
RNCan.gc.ca

Russia:A. GOLOVIN
golovin@imgre.ru

TASK GROUP ON GLOBAL
GEOSCIENCE PROFESSIONALISM
(TGGGP)

http://tg-ggp.og/

Chairperson
RuthALLINGT ON

GWP Consultants LLP
Upton House, Markett&et
Charlbury

Oxfordshire, OX7 3PJ
UNITED KINGDOM

T: +44 (0) 1608 810374
F: +44 (0) 1608 810093
E: RuthA@gwp.uk.com

Vice Chairperson

Barbara H. MURPHY

Senior Geologist

CLEAR CREEKASSOCIATES

6155 E. Indian School Road #200
ScottsdaleAZ 85251, UNITED SATES
T: +1 480 659 7131

F: +1 480 659 7143

E: BMurphy@clearcreekassociates.com

Secretary

Oliver BONHAM

Geoscientists Canada

200-4010 RegenttS Burnaby BCV5C
6N2, CANADA

T: +1 604 412 4888

F: +1 604 889 3529

E: obonham@ccpg.ca

Treasurer

Dr. Isabel M. FERNANDEZ FUENTES
European Federation of Geologists

Rue Jenner 13, BE-1000 Brussels
BELGIUM

T: +32(0)2 7887636

F: +32(0)2 6477359

E: isabel.fernandez@naturalsciences.be

TASK GROUP ON GEOHERITAGE
(TGG)
http://geoheritage iugs.mnhn.fr

Chairperson

Prof. Patrick DBEVEVER

Geology Department

National Museum of Natural History

43 rue Bufon, FR-75 005 Paris Cedex 05
ILE DE FRANCE, FRANCE

T: +33 (0) 140 79 34 82

F: +33 (0) 140 79 37 39

E: pdewever@mnhn.fr

HERIT AGE STONE TASK GROUP
(HSTG)
http://www.globalheritagestone gt

Chair

Dr. Bjorn SCHOUENBORG
Materials Department, SP Swedish
NationalTesting and Research
Institute, Box 857, SE-501 15 Boras
SWEDEN

E: bjorn.schouenbg@cbi.se

Secetary General

Dr. Barry J. COOPER

Barbara Hardy Institute

School of Natural and Built Environments
University of SoutlAustralia (Mawson
Lakes Campus), GPO Box 2471
Adelaide SA5001 AUSTRALIA

T: +61 8 8302 5769

F: +61 8 8302 5082

E: barrycooper@unisa.edu.au
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Member (B.R. MARKER)
brian@amarkefreeserve.co.uk

RegionalVice Presidents:

S. Europe (D. PEREIRA)
mdp@usal.es

Central Europe . KRAMAR)
Sabina.kramar@rescen.si

W. Europe (J. ELSEN)
jan.elsen@ees.kuleuven.be
North America (J.T. HANNIBAL)
jhanniba@cmnh.or
N.America (B. PRAIT)
brian.pratt@usask.ca

N. America (N.R. SHAFFER)
shafern@indiana.edu
S.America (F.C. NAVARRO)
fabiano.navarro@unifal-mg.edu.br
E.Asia (H. KATO)
h.katou@aist.go.jp

S.Asia (H. THOMAS)
harelthomas@yahoo.com
Africa (PPAIGE-GREENE)
ppaigegr@csirco.za

JOINT PROGRAMMES
AND INITIA TIVES

IUGS/UNESCO INTERNATIONAL
GEOSCIENCE PROGRAMME (IGCP)
http://www.unesco.ay/new/en/natural-
sciences/environment/earth-sciences/
international-geoscience-programme/

IGCP Executive Secetary
Prof. Patrick MCKEEVER
Chief of the Global Earth Observation
Section, UNESCO

1, rue miollis

FR-75732

Paris, Cedex 15

FRANCE

T: +33 (0) 145 684 17

F: +33 (0) 145 685 822

E: pj.mckeever@unescogr

INTERNATIONAL LITHOSPHERE
PROGRAM (ILP)
http://www.sclilp.og/

President

Prof. Dr. Sierd CLOETINGH
Tectonics Group,

Dept. of Earth Sciences
Faculty of Geosciences
Utrecht University

PO. Box 80.021

3508TA Utrecht

THE NETHERLANDS

T: +31 30 2537314

F: +31 30 2535030

E: sierd.cloetingh@uu.nl
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Seceetary General

Dr. Magdalena Scheck-WENDEROTH
Helmholtz Centre Potsdam

GFZ German Research Centre for
GeoscienceSelegrafenbey, C4 1.09
DE-14473 Potsdam

GERMANY

Phone: +49 331 288 1345

F: +49 331 288 1349

E: secretariat-ILP@gfz potsdam.de
magdalena.scheck@gfz potsdam.de

Executive Secetary

Dr. Alexander RUDLOFF

GFZ German Research Centre for
Geosciencedelegrafenbey, C4 1.09
DE-14473 Potsdam, GERMANY

T: +49 331 288 10 69

F: +49 331 288 10 02

E: rudlof@gfz-potsdam.de

Chairperson—-Committee of
National Representatives:
V.L. Pease (Sweden)

Honorary President:
A. GREEN (Switzerland)

ILP Fellow:
J.FW. NEGENDANK (Germany)

Representatives of IUGG& IUGS:

D. JACKSON (United gtes) IUGG

K. C. SAIN (India) IUGG

J. CHARV/ET (France) IUGS

Y. TATSUMI (Japan) IUGS

A. GREEN (Switzerland) IUGS & IUGG

Associate Members:

J.-R BRUG (Switzerland)
H. THYBO (Denmark)

A. MOROZOV (Russia)

F. ROURE (France)

M. ZOBACK (United Sates)
P. MC KEEVER (Unesco)

Lifetime Members:
M. VON KNORRING (Sweden)
H. GUPTA (India)

FORENSIC GEOLOGY
INITIA TIVE (FGI)

http://mwwforensicgeologyinternational.com/

Chairperson

Dr. Laurance DONNELY

Forensic Geologist and Searktiviser
WardellArmstrong LLP

2 TheAvenue, Leigh, Greater Manchester

UNITED KINGDOM

T: +44 7970 038 236

F: +47 7392 16 20

M: +07970 038 236

E: [donnelly@wardell-armstrong.com
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Vice-Chairperson

Prof. Robert FITZRTRICK

CSIRO LandAnd Water

Private Bag 02, 5064 SA Glen Osmond
AUSTRALIA

E: rob.fitzpatrick@csiro.au

T: +61 (0) 8 8303 851

F: +61 (0) 4 08824 215

Treasurer

Prof. Lorna DAVSON

The James Hutton Institute
Craigiebuckler

AberdeerAB15 8QH

Scotland

United Kingdom

E: lorna.dawson@hutton.ac.uk
T: +44 (0) 844 928 5428

Secretary

Ms. Marianne SAM

California Department of Justice
Riverside Criminalistics Laboratory
7425 Mission Boulevard,
Riverside, CA 92509

UNITED STATES

T: +1 951 361 5000

F: +1 951 361 5010

E: marianne.stam@doj.ca.gov

Webmaster/Information Office
Dr. Elisa BERGSLIEN
Department of Earth Sciences and Science
Education, Buflo Sate College
271 Science Building

1300 EImwoodAve.,

Buffalo, NY 14222

UNITED STATES

T: +1 (716) 878-3793

F: +1 (716) 8784524

E: begslet@bufalostate.edu

IFG Officers

United Sates: (B. SCHNECK)
Bill.Schneck@wsp.wa.gov

Latin America (C.M. GALLEGO)
marmolgal@gmail.com
Europe(R.M. DI MAGGIO)
rosamaria.dimaggio@gmail.com
Russia(O. GRADUSA/A, E.
NESTERINA)
APOSTOL137@yandex.ru;
bio_soil@rambleru

Middle East (A. S.Al KAABI)
Abu Dhabi Police

Japan andAsia (R. SUGITA)
sugita@nrips.go.jp;
f_geology@yahoo.co.jp
Australia (J. ROBER'SON)
james.robertson@canberra.edu.au
Pacific and Canada(S. FORBES)
shari.forbes@uoit.ca

Africa (R. DIXON)
DixonR@saps.@.za
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IUGS/IUPAC TASK GROUP ON
ISOTOPESAND
GEOCHRONOLOGY (TGIG)

Chairperson

Dr. Igor M. VILLA
Leader Isotope Geology and
Geochronology
Institut fur Geologie
Baltzerstrasse 3
CH-3012 Bern
SWITZERLAND

T: +41 31 631 8777
F: +41 31 631 4988
E: igor@geo.unibe.ch

Secretary General

Dr. Paul R. RENNE

Leader Isotope Geology and
Geochronology

Berkeley Geochronology Centre
2455 Ridge Road

Berkeley CA 94709
UNITED STATES

T: +1 510 644 9200

F: +1 510 644 9201

E: prenne@bgc.gr

IUPAC Members

Prof. Mauro BONARDI
Dr. Paul DEBIEVRE
Dr. Alex FAJGELJ

Dr. Norman HOLDEN

AFFILIA TED
ORGANIZA TIONS

AFRICAN ASSOCIATION OF
WOMEN IN GEOSCIENCES (AAWG)
http://www.aawg.og/

President

Prof. Ezzoura ERRAMI
Département de Géologie
Faculté des Sciences
Université Chouaib Doukkali,
BP. 20

24000 El Jadida
MOROCCO

T: +212 (0) 668 03 81 16
F: +212 (0) 523 34 21 87
E: erramiezzoura@aawggr

Secretary

Dr. JulietteTEA-YASSI
PETROCI

Bd Carde, BR/194 Abidjan
COTE D’ IVOIRE

T: +225 23 53 64 50/51
F: +225 23 52 55 31

E: jtea@petroci.ci

AMERICAN ASSOCIATION OF
PETROLEUM GEOLOGISTS (AAPG)
http://www.aapg.og/

Executive Director

Mr. David K. CURTISS

AAPG Headquarters

PO. Box 979,Tulsa, OK 74101-0979
UNITED STATES

T: +1 918 560 2639

F: +1 918 560 2626

E: dcurtiss@aapg.gr

AMERICAN GEOPHYSICAL UNION
(AGU) http://www.agu.og/

Executive Director and CEO
Ms. Christine MCENTEE
2000 FloridaAve. N.W.
Washington, DC 20009
UNITED STATES

T: +1 202 777 7510

F: +1 202 328 0566

E: cmcentee@agu@r

President

Dr. Mamaret Leinen

Scripps Institution of Oceanography
UC San Diego, 9500 Gilman Drive
La Jolla, CA 92093

UNITED STATES

T: +1 (858)534-2827

E: mleinen@ucsd.edu

International Secretary

Dr. SusariWebb

University of theWitwatersrand
Private Bag 3, 2050 Johannespur
SouthAfrica

T: +27 11 717 6606

F: +27 1 717 6579

E: susan.webb@wits.ac.za

AMERICAN GEOSCIENCES
INSTITUTE (AGI)
http://iwwwagiweb.og/

Executive Director

Dr. Patrick LEAHY

American Geosciences Institute
4220 King $reet,Alexandria,VA 22302
UNTIED STATES

T :+1 703 379 2480

F: +1 703 379 7563

E: pleahy@agiweb.gr

ARAB GEOLOGIST ASSOCIATION
(AGA)

Seceetary General

Sarmad Shake MAHMOOD

Baghdad, IRAQ

T: +964 7906912974, +964 7702659797
E: irggeoun@yahoo.com

ASSOCIATION INTERNA TIONALE
POUR LETUDE DES ARGILES
(AIPEA)

http://aipea.ay/

President

Dr. Saverio FIORE

Institute of Methodologies for
EnvironmentaAnalysis, NRC
Tito Scalo-Potenza

Via Orabona 4

IT-70125 Bari

ITALY

T: +39 080 5442618

F: +39 080 5442591

E: president@aipeagyr
saverio.fiore@cnit

Secetary General

Dr. Daisy BarbosaLVES

Petroleo Brasileiro S.A Research Center
Rua Horacio Macedo 950

Cidade Universitaria - llha do Fundico
Rio de Janeiro - 21941-915

BRAZIL

T: +55 21 2162 6438

E: secretary@aipeagir
daisy@petrobras.com.br

ASSOCIATION OF APPLIED
GEOCHEMISTS (AAG)
http://www.appliedgeochemists@r

President

Dr. Matthew LEYBOURNE

ALS Geochemistry

2103 Dollarton Hwy

North VancouverBCV7H 0A7
CANADA

T: +1 604 984 0221 ext. 6515

T: +1 604 998 0515

F: +1 800 398 0652

E: Matthewleybourne@alsglobal.com

Secretary

Dr. David B. SMITH

U.S. Geological Survey
Denver Federal CentevlS 973
Denver CO 80225

UNTIED STATES

T: +1 303 236 1849

F: +1 303 236 3200

E: dsmith@usgs.gov;
office@appliedgeochemistsgr

ASSOCIATION OF EUROPEAN
GEOLOGICAL SOCIETIES (AEGS)
http://Aww.aegs.it/

no update received

ASSOCIATION OF GEOSCIENTISTS
FOR INTERNATIONAL
DEVELOPMENT (AGID)
http://www.bgs.ac.uk/agid/
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Executive Director

Ms.Afia AKHTAR

Geological Society of Bangladesh
153 Pioneer Road, Sengunbagicha
Dhaka-1000

BANGLADESH

T: +880 2 9349502, +880 2 8312599
F: +880 2 9339309

E: afia@agni.com

Secetary/Treasurer

Dr.A. J. REEDMAN

15, Malvern Road, Mapperley
Nottingham, NG12 5GZ

UNITED KINGDOM

T: +44 (0)15 962 1063

F: +44 (0)15 960 7294

E: antony@areedman.wanadoo.co.uk

BALKAN GEOPHYSICAL SOCIETY
(BGS)
http://wwwbalkangeophysoc.gr/

President
Dr. AntonisVAFIDIS

Professor offechnical University of Crete

Applied Geophysics Laboratory
Department of Mineral Resources
Engineering, Polytechnioupolis
73100 Chania, GREECE

T: +30 28210 37643

F: +30 28210 69554

E: vafidis@mred.tuc.gr
vafidis@mred.tuc.gr

CANADIAN FEDERA TION OF
EARTH SCIENCES (CFES)
http://earthsciencescanada.com/cfes

President

Dr. Scott SWINDEN

Swinden Geoscience Consultants
224 Main $reet

Wolfville, Nova Scotia B4A.C4
CANADA

T: +1 902 444 3525

F: +1 902 444 7802

E: info@swindengeoscience.ca

Secretary

Dr. Michael CHERKN

175 Fanshawvenue
Ottawa, Ontario K1H 6C8
CANADA

T: +1 613 733 8149

E: mecherry@bell.net

CARPATHIAN BALKAN
GEOLOGICAL ASSOCIATION
(CBGA)

President

Dr. Franz Neubauer
University of Salzbuy
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Department of Geography & Geology
Hellbrunnerstralle 34

A -5020 Salzbyg

AUSTRIA

T: +43 (0) 662-8044-5401

E: franz.neubauer@sbg.ac.at

CIRCUM-PACIFIC COUNCIL
(CPC)
http://www.circum-pacificcouncil.ay/

President

Dr. H. Gary GREENE

Moss Landing Marine Labs

San Joset&te University
Tombolo/Center for Habitatt&dies
791 Rider Ridge Road, Santa Cruz,
CA 95065, UNITED SATES

T: +1 831 332 3627

F: +1 408 633 7264

E: greene@miml.calstate.edu

Secretariat

Mrs. Michele REDNER

CPC Secretariat, USGS

12201 Sunris&alley Drive, MS-917
Reston VA 20192

UNITED STATES

T: +1 703 648 6645

F: +1 703 648 4227

E: mredner@usgs.gov

Executive Office

Center for Habitat tBdies
Moss Landing Marine Labs
8272 Moss Landing Road
Moss Landing, CA 95039
UNITED STATES

T: +1 831 771-4141

E: greene@miml.calstate.edu

COMMISSION FOR THE
GEOLOGICAL MAP OF THE
WORLD (CGMW)

http:// http://ccgm.ay/en/

President

Dr. Phillipe ROSSI

BRGM, BP 6009

Avenue Claude Guillemin
FR-45160, Orléans Cedex
FRANCE

T:+33(0)1 4707 2284

F:+33(0)1 43 36 9518

E: ccgm@club-internet.fr; ccgm@difr

Secretary General

Dr. Manuel PUBELLIER

77, Rue Claude-Bernard

FR-75005, Paris

FRANCE

T:+33 (0)1 4707 2284/4432 2258
F:+33 (0)1 4336 9518

E : ccgm@club-internet.fr; ccgm@4$ir
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COORDINATING COMMITTEE FOR
GEOSCIENCE PROGRAMMES IN

EAST AND SOUTHEAST ASIA (CCOP)
http://www.ccop.orth/

Director

Dr. Adichat Surinkum
CCOPTechnical Secretariat
CCOP Building

75/10 Ram&/I Rd., Phayathai
Ratchathewi, Bangkok 10400
THAILAND

T:+662 664 5468

F:+662 664 5429

E: adichat_s@ccop.th,
ccopts@ccop.ah

DRILLING , OBSERVATION AND
SAMPLING OF THE EARTH'S
CONTINENTAL CRUST (DOSECC)
http://www.dosecc.ay/

President

Mr. Dennis NIELSON

2075 S Pioneer Road, Suite B
Salt Lake CityUT 84104-4231
UNITED STATES

T: +1 801-583-2150

F: +1 801-583-2153

E: dnielson@doseccgr

EARTH SCIENCE MATTERS
FOUNDATION (ESM)
http://www.earthsciencemattersgar

Executive Director

Dr. Eduardo de MULDER

Earth Science Matters Foundation
van Dortstraat 52, NL- Haarlem 2023JP
NETHERLANDS

T: +31 622234231

F: +31 235262709

E: Director@earthsciencemattersgjor

EUROPEAN ASSOCIATION FOR THE
CONSERVATION OF THE
GEOLOGICAL HERITAGE
(PROGEO)

http://www progeo.se/

President

Prof. José BRILHA

Universidade do Minho

Dep. de Ciéncias deerra - ECUM
Campus de GualtaPT4710-057 Braga
PORTUGUAL

T: +351 253604300

F: +351 253604039

E: jbrilha@dct.uminho.pt

Executive Secetary

Mr. Lars ERIKSAD

NINA - Norwegian Institute for Nature
Research
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Gaustadalléen 21
NO-0349 Oslo, NOR/AY
T:+47 9166122

F: +47 7380 14 01

E: lars.erikstad@nina.no

Irini THEODOSSIOU-DRANDAKI
IGME

Spyros Louis 1

Olympic Village, Entrance C,
GR-136 77ACHARNAI,
GREECE.

E: etheodosiou@vivodinet.gr

EUROPEAN ASSOCIATION OF
SCIENCE EDITORS (EASE)
http://www.ease.ay.uk/

Secretary

Mrs TinaWHEELER
WestTrethellan
TrethellanwWater

Lanner Redruth
Cornwall, TR16 6BP
UNITED KINGDOM

T: +44 0 1209 860450
E: secretary@easeguk

EUROPEAN FEDERATION OF
GEOLOGISTS (EFG)
http://www.eurogeologists.eu/

President

Mr. Victor CORREIA

c/o Service Géologique de Belgique
Rue Jenner 13

BE-1000 Brussels

BELGIUM

E: efg.president@eurogeologists.eu

Executive Director

Dr. Isabel FERNANDEZ Fuentes

c/o Service Géologique de Belgique
Rue Jenner 13

B-1000 Brussels

BELGIUM

T: +32 2788 76 36

F: +32 2 647 73 59

E: isabel.fernandez@eurogeologists.eu

EUROPEAN GEOLOGICAL SURVEYS
(EGS)
http://www.eurogeosurveys.gf

Secretary General

Dr. Luca DEMICHELI

EuroGeoSurveys, the Geological Surveys
of Europe

36-38, Rue Joseph Il

1000 Brussels

BELGIUM

T: +32 2888 75 53

F: +32 2 503 50 25

E: luca.demicheli@eurogeosurveys.or

EUROPEAN GEOPARKS NETWORK
(EGN)
http://wwweuropeangeoparksgsr

Coordinator

lickolas C. ZOUROS

Natural History Museum of the Lesvos
Petrified Forest

GR-811 03 Sigri, Lesvos Island
GREECE

T: +30 22530 54434

F: +30 22530 54434

E: sygiraud@free.fr
nzour@aegean.gr

EUROPEAN MINERALOGICAL
UNION (EMU)
http://eurominunion.a/

President

Prof. Dr Wilhelm HEINRICH
Helmholtz Centre Potsdam

GFZ German Research Centre for
Geosciences

Telegrafenbey, D 325

DE-14473 Potsdam

GERMANY

T: +49 331 288 1410

F: +49 331 288 1402

E: wilhelm.heinrich@gfz-potsdam.de

Seceetary

Prof. Dr Juraj MAJZLAN
Friedrich-SchillefUniversitat Jena
Institut fir Geowissenschaften
Carl-Zeiss-Promenade 10
DE-07745 Jena

GERMANY

T: +49 3641 948700

E: juraj.majzlan@uni-jena.de

GEOCHEMICAL SOCIETY (GS)
http://www.geochemsoc.grf

President

Dr. Barbara SHER/OOD LOLLAR
Department of Earth Sciences
22 Russel 6

Toronto, ON M5S 3B1

CANADA

T: +1 416 978 0770

F: +1 416 978 3839

E: bslollar@chem.utoronto.ca

Chief Operating Officer

Seth DA/IS

Washington University intSLouis

Earth & Planetary Sciences Department
One Brookings Drive, CB169

Saint Louis, MO 63130-4899

UNITED STATES

T: +1 314 935 4131

F: +1 314 935 4121

E: gsofice@geochemsoc.gr

GEOLOGICAL ASSOCIATION OF
CANADA (GSC)
http://wwwgac.ca/

Manager

KarenJOHNSTON-FOWLER

c/o Department of Earth SciencesyRoom
ER4063 Alexander Murray Building
Memorial University of Newfoundland

St. Johns, NL

CANADA AlB 3X5

T:+1 70-864-2399y+1 709 864-7660

F: +1 709 864-2532

E: kajohnston@mun.ca, gac@mun.ca

President

Dr. VictoriaYehl

Senior Geologist, Exploration
Teck Resources Limited
Suite 3300, 550 Burrardt.S
Vancouvey British Columbia
CANADA V6C 0B3

T: +1 604-699-4342

E: victoria.yehl@teck.com

GEOLOGICAL SOCIETY OFAFRICA
(GSAf)
http://iwww.geologicalsocietyofafrica.gf

President

Prof. Aberra MOGESSIE

Institute of Earth Sciences

University of Graz, Universitaetsplatz 2
A-8010 GrazAUSTRIA

T:+43 (316) 380 5523

F: +43 (316) 380 9865

E: aberra.mogessie@uni-graz.at

Secetary General

Dr. Benjamin MARANI
Department of Geology
University of Namibia
340 Mandume Ndemufaybve
Private Bag 13301
Windhoek

NAMIBIA

T: +264 61 206 3745
F: +264 61 206 3791
E: bmapani@unam.na;
lolelaani@gmail.com

GEOLOGICAL SOCIETY OF
AMERICA (GSA)
http://www.geosocietyrg/

Executive Director

Vicki McConnell

The Geological Society éfmerica
3300 Penrose Place® Box 9140
Boulder CO 80301

UNITED STATES

T:+1 303 357 1039

F:+1 303 357 1074

E: vmcconnell@geosocietrg
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GSA International Secretary

Nadine McQuarrie

University of Pittsbugh

Dept. of Geology & Planetary Science
4107 O, Pittsbygh, A 15260-3332
UNITED STATES

T: +1 412-624-8870

E: nmcq@pitt.edu

Executive Administrative Assistant
Susan LOFTEN

Geological Society ohmerica

PO. Box 9140, BoulderCO 80301-9140
UNITED STATES

T: +1 303 357 1040

F: +1 303 357 1074

E: sloften@geosocietyg

GEOLOGICAL SOCIETY OF FRANCE
(GSF)
http://www.geosoc.fr

Vice President (International Affairs)

Prof. Denis Gapais

Geology House

77, rue Claude Bernard, FR-75005, Paris
FRANCE

T: +33 1 4331 7735, +33 1 7732 4207

F: +33 1 4535 7910

E: denis.gapais@univ-rennesl.fr
accueil@geosoc.fr

GEOLOGICAL SOCIETY OF INDIA
(GSI) http://www.geosocindia.@/

President

Prof. Harsh K. GUPA

National Geophysical Research Instiute
Hyderabad - 500 007, INDIA

T: +91 011 26701738

F: +91 01 26701769
harshgl23@gmail.com;

Foreign Secetary

Dr Rajasekhariah SHANKAR
Department of Marine Geology
Mangalore University
Mangalagangotri - 574 199
INDIA

T: +91 824 2284465

F: +91 824 2287367

E: rshankar_l1@yahoo.com

GEOLOGISCHE VEREINIGUNG (GV)
http://www.g-v.de/

Secretariat

Mrs. Rita SPITZLEI
Geologisché/ereinigung
Vulkanstrasse 23, DE-56743 Mendig
GERMANY

T: +49 2652 989360

F: +49 2652 989361

E: info@g-vde
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geol.ver@t-online.de

INTERNA TIONAL

ASSOCIATION FOR GEOETHICS
(IAGETH)
http://tierra.rediris.es/IAGETH/

President

Prof. Jeslis MARINEZ-FRIAS
Instituto de Geociencias
IGEO (CSIC-UCM)

Facultad de Ciencias Geologicas
Ciudad Universitaria

C/ JoséAntonio Novais, 2
ES-28040 Madrid, SEN
T:+34 91 3944813

F:+34 91 3944798

E: j.m.frias@igeo.ucm-csic.es

Seceetary General

Prof. Ochir GEREL

Department of Geology and Mineralogy
Mongolian University of Science and
Technology, PO. 46, Box 520
Ulaanbaatar 210646, MONGOLIA

T: +976 1l 324 500, +9761.326 425

F: +976 1 312 291

E: gerel@must.edu.mn;
ochirgerel@yahoo.com

INTERNATIONAL ASSOCIATION
FOR MATHEMA TICAL
GEOSCIENCES (IAMG)
http://wwwiamg.og/

President

Prof. Qiuming CHENG

Dept. of Earth and Space Science and
Engineeringyork University

4700 Keele Beet

Toronto, Ontario M3J 1P3

CANADA

T: +1 416 736 2100 (Ext. 22842)

F: +1 416 736 5817

E: giuming@yorku.ca

Secetary General

Frits PAGTERBERG
Geological Survey of Canada
601 Booth &eet,Ottawa,
Ontario K1A OE8, CANADA
T: +1 613 996 2374

F: +1 613 996 3726

E: agterber@nrcan.gc.ca

INTERNATIONAL ASSOCIATION
FOR PROMOTING GEOETHICS
(IAPG)
http://wwwiapg.geoethics.gf

Seceetary General

Dr. Silvia Peppoloni

c/o INGV - Istituto Nazionale di Geofisica
e Vulcanologia
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via di Vigna Murata, 605
IT-00143, Rome, IALY

T: +39 06 51860805

M: +39 339 3794923

E: silvia.peppoloni@ingit

INTERNATIONAL ASSOCIATION OF
ENGINEERING GEOLOGY AND THE
ENVIRONMENT (IAEG)
http://www.iaeg.info/

President

Dr Scott Burns

Portland $ate University Dept. of Geology
CRO. Box 751

Portland OR 97207

UNITED STATES

T: +1 503-725-3389

F: +1 503-725-3025

E: burnss@pdx.edu

Secetary General

Dr. FaquanWu

Insitute of Geology and Geophysics,
ChineseAcademy of Sciences

No. 19 Beituchengxilu, Chaoyang district,
Beijing 100029

CHINA

T: +86 13910509506

F: +86 10 82 99 8284

E: wufaquan@mail.igcas.ac.cn;
iaegsg@163.com

INTERNATIONAL ASSOCIATION OF
GEOCHEMISTRY (IAGC)
http://lwwwiagc-societyrg/

IAGC Business Office Manager
Mr. Christopher GARDNER
The Ohio $ate University

275 Mendenhall Laboratory
125 South Oval Mall
Columbus, OH 43210

UNITED STATES

T: +1 614 688 7400

F: +1 614 292 7688

E: iageochemistry@gmail.com

INTERNATIONAL ASSOCIATION OF
GEOMORPHOLOGISTS (IAG)
http://www.geomorph.ay/

President

Prof. Eric FOUACHE

University Paris Sorbonn&bu Dhabi
PO Box: 38044

Abu Dhabi

UNITED ARAB EMIRATES

M: + 971 (0) 50 26 32 323

E: Eric.Fouache@psuad.ac.ae

Secretary
Dr. Sunil KUMAR DE
Department of Geography
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North Eastern Hill University

NEHU Campus, Shillong-793022
Meghalaya, INDIA

T: +91 364 2723216

M: +91 98620 09202; +91-94339 02268

INTERNATIONAL ASSOCIATION ON
THE GENESIS OF ORE DEPOSITS
(IAGOD)

http://wwwiagod.og/

E: desunil@yahoo.com; desunil@gmail.com President

INTERNATIONAL ASSOCIATION OF
HYDROGEOLOGISTS (IAH)
http://www.iah.og/

President
Mr. KenW.F. HOWARD
Professor of Hydrogeology

Dept. Physical and Environmental Sciences

University of Toronto Scarborough

1265 Military Trail, Toronto ON, M1C 1A4
CANADA

T: +1 416 287 7233

F: +1 416 287 7279

E: gwater@utsc.utoronto.ca

Secretary General

Dr. Shaminder PURI

c/o IAH Secretariat,

P.O. Box 4130, Goring
Reading, RG8 6BJ
UNITED KINGDOM

T: +44 870 762 4462

F: +44 870 762 8462

E: ShammyPuri@aol.com

Executive Manager

Dr. John CHIOTON

IAH Secretariat

PO Box 4130, Goring

Reading, RG8 6BJ

UNITED KINGDOM

T: +44 870 762 4462

F: +44 870 762 8462

E: jchilton@iah.og; info@iah.og

INTERNATIONAL ASSOCIATION OF
SEDIMENT OLOGISTS (lAS)
http://www.sedimentologists.gf

President

Prof. Poppe DE BOER
University of Utrecht
P.O. Box 80.021
3508TA, Utrecht
NETHERLANDS

T: +31 30 253 5190

E: pdeboer@geo.uu.nl

Secrtary General

Prof. Vincenzo RSCUCCI
Dipartimento diArchitettura, Design e
Urbanistica,Universita’ di Sassari
Palazzo del Pou Salit

Piazza Duomo 6, F07041Alghero
(Sassari), IRLY

T: +39 079228685

E: pascucci@uniss.it

Prof. Jingwen MAO

Institute of Mineral Resources,
ChineseAcademy of Geological Sciences
26, Baiwanzhuang, Beijing 100037
CHINA

T: +86 10 6832 7333

F: +86 10 6831 0894

E: jingwenmao@263.net

Secetary General
Prof. Xiaoming SUN
School of Earth Science and Geological

Dr. Kyoji SASSA

ICL Headquaters

UNITWIN Headquarters Building
Kyoto University Uji-Campus

Uji, Kyoto 611-0011, JARAN

T: +81 75 723 0640

F: +81 75 950 0910

E: sassa@iclhq.gr
kyoji.sassa@gmail.com

INTERNATIONAL FEDERATION OF
PALYNOLOGICAL SOCIETIES (IFPS)
http://geo.arizona.edu/palynology/ifps.html

President

Dr. Charles HWELLMAN

Dept. ofAnimal & Plant Sciences
University Of Shefield

Engineering and School of Marine SciencesAlfred Denny Building Western Bank

SunYat-sen University

135West Xinggang Rd.

Guangzhou, Guangdong, 510275, CHINA
T: +86 20 8410968

F: +86 20 8412390

M: +86 1392210158

E: eessxm@mail.sysu.edu.cn;
sxm158@hotmail.com

INTERNATIONAL CENTER FOR
TRAINING AND EXCHANGES IN
THE GEOSCIENCES (CIFEG)
http://iww.cifeg.og/

President

Prof. MaxVIDAL

CIFEG OSUC

Campus Géosciences CNRS
1A, rue de la Férolerie
FR-45071 ORLEANS Cedex 2
FRANCE

T: +33 (0)2 38 49 46 57

E: Max.vidal@univ-orleans.fr

Manager

Dr. Guy BENHAMOU

CIFEG

3,Avenue Claude-Guillemin

B.P. 36517, FR-45065 Orléans Cedex 2
FRANCE

T:+33 233643884
F:+33238643472

E: g.benhamou@cifeg o@r

INTERNATIONAL CONSORTIUM ON
LANDSLIDES (ICL)
http://icl.iplhqg.og/category/home-icl/

President

YIN Yueping

Chief Geologist of Center of Geohazard
Emegency of Ministry of Land and
Resources

Chinese Geological Survey
yueping@mail.cgs.goen

Shefield S10 2TN

UNITED KINGDOM

T: +44 (0)114 222 3689

F: +44 (0)1.4 222 0002

E: c.wellman@shégld.ac.uk

Seceetary-Treasuser

Dr. James B. RIDING

British Geological Survey
Environmental Science Centre
Nicker Hill, Keyworth, Nottingham
NG12 5GGUNITED KINGDOM
T: +44 (0)1L5 936 3100

F: +44 (0)15 936 3200

E: j.riding@bgs.ac.uk

INTERNATIONAL GEOSCIENCE
EDUCATION ORGANISATION
(IGEO)

http://www.geoscied.ay/

Chair

Dr Rajasekhariah SHANKAR
Department of Marine Geology
Mangalore University
Mangalagangotri - 574 199,
INDIA

T:+91 824 2284465

F: +91 824 2287367
E:rshankar_1@yahoo.com;

Secretary

Dr. Anish K. Warrier

Antarctic Science Division

National Centre foAntarctic & Ocean
Research (NCAOR)

Earth System Science @amization,
Headland Sada,

Vasco-da-Gama Goa 403 80MDIA
T: +91 824 2284465

E: akwarrier@gmail.com

INTERNATIONAL MEDICAL

GEOLOGY ASSOCIATION (IMGA)
http://wwwmedicalgeologyrg/
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Chair

Prof. Nelly MANAY

Specialised Centre for Chemical
Toxicology — DEC

Faculty of Chemistry

University of the Republic (UDELAR)
Montevideo, URUGUX

T: + 598 2 924 1809

M: +598 94273772

F: +598 29241809

E: nellymanay@gmail.com;
nmanay@fq.edu.uy

Secretary General

Prof. Laura Ruhl

Earth Sciences Department
University ofArkansas at Little Rock
2801 S. UniversitAve.

Little Rock,AR 72204

UNITED STATES

T: +1 501 683 4197

E: Isruhl@ualedu

INTERNATIONAL MINERALOGICAL
ASSOCIATION (IMA)
http://wwwima-mineralogyorg/

President

Dr. SegeyV. Krivovichev
St.Petersbug Sate University
University Emb. 7/9
St.Petershug 199034, Russia
T: +7 812 3506688

E: s.krivovichev@spbu.ru

Secretary

Dr. Hans Peter Schertl
Institut fur Geologie
Mineralogie und Geophysik
RuhrUniversitat Bochum
Bochum DE-44780, Germany
T: +49 234 3223520

E: hans-petescherti@rub.de

INTERNATIONAL PALAE-
ONTOLOGICAL ASSOCIATION (IPA)
http://ipa.geo.ku.edu/

President (til 2014)

Prof. Michael BENDN
University of Bristol

School of Earth Sciences

Wills Memorial Building
Queens Road, Clifton BS8 1RJ
UNITED KINGDOM

T:+44 (0) 1.7 954 5433
F:+44 (0) 17 925 3385

E: mike.benton@bristol.ac.uk

Secretary General (til 2014)

Dr. RogerTHOMAS

Franklin and Marshall College
Department of Earth and Environment
PO Box 3003

Episodes \ol. 38, no. 2

LancasterPA 17604-3003
UNITED STATES

T:+1 717291 4135

F:+1 717 291 4186

E : rogethomas@fandm.edu

INTERNATIONAL PERMAFROST
ASSOCIATION (IPA)
http://wwwipa-permafrost.@/

President

Prof.Antoni G LEWKOWICZ
Department of Geography
University of Ottawa

75 LaurierAve. E.

Ottawa, Ontario KIN 6N5
CANADA

T: +1 613 562 5800, ext. 1067
E: alewkowi@uottawa.ca

Executive Director

Karina SCHOLLAEN

Alfred Wegener Institute Helmholtz Centre
for Polar and Marine Research
Telefrafenbey A43, DE-14473 Potsdam
GERMANY

T: +49 331 288 2217

F: +49 331 288 2137

E: contact@ipa-permafrostgr
Karina.Schollaen@awi.de

INTERNATIONAL SOCIETY FOR
ROCK MECHANICS (ISRM)
http://wwwisrm.net/

President

Prof. Xiating FENG

Institute of Rock and Soil Mechanics
The Chinesécademy of Sciences
XiaohongshaWuchang

Wuhan 430071,

CHINA

T: +86 27 87198913

F: +86 27 87197386

E: xtfeng@whrsm.ac.cn

Secetary General

Dr. Luis LAMAS

ISRM Secretariat, c/o LNEC
Av. do Brasil 101
PT-1700-066 Lisboa Codex
PORTUGUAL

T: +351 221 8443419

F: +351 221 8443021

E: llamas@Inec.pt;
secretariat.isrm@Inec.pt

INTERNATIONAL SOCIETY OF SOIL
MECHANICS & GEOTECHNICAL
ENGINEERING (ISSMGE)
http://lwwwissmge.ay/

Seceetary General
Prof. Neil TAYLOR
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Geotechnical Engineering Research Centre
City University London

Northampton Square

London EC1V OHB

UNITED KINGDOM

T: +44 (0)20 7040 8154

F: +44 (0)20 7040 8832

E: secretariat@issmgegor

President

Prof. Roger FRANK

Ecole nationale des ponts et chaussées
6 et 8 avenue Blaise Pascal

FR-77455 Marne-la-allée cedex 2
FRANCE

T:+33164 153543

F:+33164 153562

E: frank@cermes.enpc.fr

ITALIAN FEDERA TION OF EARTH
SCIENCES (FIST)
http:www.geoitalia.og/

No update received

METEORITICAL SOCIETY
(METSOC)
http://www.meteoriticalsocietprg/

President

Michael E. Zolensky

KT Astromaterials Research and
Exploration Science

NASA Johnson Space Center
Houston, TX 77058,

UNITED STATES

E: michael.e.zolensky@nasa.gov

Secretary

Michael K.Weisbeg

Department of Physical Sciences
Kingsborough Community College and
Graduate Center

City University of NewYork

Brooklyn, NY 11235,

UNITED STATES

E: metsocsec@gmail.com

NATIONAL GROUND WATER
ASSOCIATION (NGWA)
http://www.ngwa.og/

Executive Director
Dr. Kevin B. MCCRAY
601 Dempsey Road
Westerville, Ohio
UNITED STATES

T: +1 614 898 7791
F: +1 614 898 7786
E: kmccray@ngwa.gr

SOCIETY FOR GEOLOGY APPLIED
TO MINERAL DEPOSITS (SGA)
http://lwww.e-sga.ay/
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Executive Secetary

Dr. Jan RSAVA

Czech Geological Survey
Klarov 131/3

118 21 Praha 1

CZECH REPUBLIC

T: +420-2-51085506

F: +420-2-51818748

E: jan.pasava@geology;
secretary@e-sgagr

President

Dr. Geoges BEAUDOIN
Département de géologie et de génie
géologique, Université Laval, Pavillon
Adrien-Pouliot

1065 avenue de la Médecine,
Québec G1V 0A6

CANADA

T: +1 418-656-3141

F. +1 418-656-7339

E: president@e-sgagr
geoges.beaudoin@ggl.ulaval.ca

SOCIETY FOR SEDIMENTARY
GEOLOGY (SEPM)
http://www.sepm.og/

Executive Director

Dr. Howard HARPER

4111 S Darlington, Suite 100
Tulsa, OK 74135-6373

UNITED STATES

T: +1 918 610 3361(international)
F: +1 918 621 1685

E: hharper@sepm.gr

President

Prof. Kitty MILLIKEN
University ofTexas afustin
Bureau of Economic Geology
PO Box X,Austin,

TX 78713-8924

UNITED STATES

T: +1 512 471 6082

E: kitym@mail.utexas.edu

President-Elect

Dr. JanokBHATTACHARYA

School of Geography & Earth Sciences
McMaster University

1280 Main $reetWest

Hamilton, Ontario L8S4L8

CANADA

T: +1 (905) 525-9140 ext. 23528

F: +1 (905) 546-0463

E: bhattaj@mcmastea

SOCIETY OF ECONOMIC
GEOLOGISTS, INC. (SEG)
http://www.segweb.ay/

Executive Director
Dr. Brian HOAL

7811 Shafer Parkway
Littleton, CO 80127
UNITED STATES

T: +1 720 981 7882 ext. 209
F: +1 720 981 7874

E: director@segweb.gr
execasst@segwebgor

President

Francois ROBER
Barrick Gold Corp.
Brookfield Place

TD CanaddarustTower
161 Bay ®eet, Suite 3700
PO. Box 212

Toronto, Ontario
CANADA M5J 251

T: +1 (416) 720-6277
frobert@barrick.com

President Elect
Robert PFoster

YOUNG EARTH SCIENCTISTS
NETWORK (YES)
http://wwwnetworkyes.ay/

President

Dr. MengWANG

Minmetals Exploration & Development
CO,, LTD,

B708, Xinjiang Plaza,

7 Sanlihe Road, Haidan District,
Beijing 100044

CHINA

T: + 86 10 8232 1805

M: + 86 134 2605 4010

E: wang_m2004@163.com;
networkyes.president@gmail.com

Income and Expense for the year 2014 compared with 2013.

Amount (USD)
2014 2013
Income
Membership Fees
Previous years 59,256.68
Current year 306,337.46
365,594.14
Contribution from UNESCO
final payment for 16,834.00
Iatst year
S
1% payment for 24,962.00
current year
41,796.00
Contribution from BGS
Contribution from Episodes
Beijing
Other Income 8,750.24
Total Income 416,140.38
Expenditure
IGCP 96,000.00
Joint Programmes 37,995.90
IUGS Commissions 83,000.00
IUGS Task Groups 17,000.00
Initiatives 58,680.02
Committees 8,418.99
Affiliated 28,555.66
Organizations
Contributions -
Episodes 28,000.00
Contingency 10,000.00
Secretariat 15,000.00
expenses
Russian Reserve
expense
Other expenses 49,488.91
Total Expenditure 433,809.48
Net Income -17,669.10

Note: The funds paid to RFG and PC both exceeds the allocated amount, which increased the
expenditure in “lUGS Commissions” and “Initiatives’ lot in 2014.
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