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Geology of paintings
Editorial

he study of geology is seen by many as a narrowias subject of interest only to “professional#\s we
know, this is not a true picture and many exampéesbe quoted to demonstrate the “long arm” ofagol

In this newsletter there are several examplesefrtteraction between geology in its technical eghand
in its wider aspects. It is right that our newsleshould embrace related subjects, either agaeparticles such
as Mike Rubra’s account of the archaeological aspefthe field trip to Brittany and Normandy; os articles
such as the report of Ruth Siddall's lecture onéTbBeology of Paintings”. Before this lecture mangmbers
could not understand what could be the connectetwden fine art and geology; in the event thisifegg talk
opened our eyes to the importance of rocks andraiga the making of pigments for use by painters.

The best example of the wider aspects of geolagyained in this newsletter is the summary of Peter
Worsley’s talk on Darwin. He underlined the fatatt Darwin, highly renowned for his work on “Thef@in of
the Species” was, throughout his life, a keen olesenf the influence of geology on the developmainbhuman
communities and of fauna and flora species. He Ymsexample, fascinated by the development oflcarefs
when the Beagle was visiting islands in the Indbaean. A whole section of his journal concernimg Beagle’s
exploration is devoted to this topic.

To round off these observations one should not gktent to which natural history and suchlike
programmes on television touch on aspects of ggolog®ne can find fault with the sometimes shallow
interpretations but nevertheless it is good toteaethe underlying geology is thought worthy ofntien It gives
us the opportunity of providing further enlightenmhéo our friends!.

Peter Cotton

| Programme of lectures January to April 2009

Date Speaker Title
9™ January John Williams, FGS | Building Stones of London — a Historical Perspeztiv
13" Feb Di Smith Flint
Open University
13" March Duncan Pirrie Forensic geoscience; the role of geology in sericirse
Helford Geoscience LLP | investigation

17" April Dr Hazel Rymer Low Cost Volcano Monitoring

Note:3° Friday of the month Open University
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| Field excursions April to June 2009 - see pagd for details of entire year

Date Field trip Leader
April3-6 St. Austel granite Dr Alan Bromley
May 10 - 16 Isle of Man Dr Bill Fitcher
June 7 Avebury to Swindon Dr Graham Williams and
Mike Rubra

Diamonds through time
Summary of November lecture given by Andrew FleetNatural History Museum

On the human timescale diamonds were first knowsomthern and eastern Asia two thousand or moresyear
ago. Their rarity made them symbols of power amy tlremained the property of royalty and the eMest
came from river gravels of southern India. A fewnsts found their way to classical Greece and Routdrb
Europe disappeared from view until thé"Is¥ 15" century. The supply was still from Asia but by ab700 this
supply was drying up and became replaced by oma fiiamond-bearing river gravels in South Americae T
supply of South American diamonds in turn becammétéid in the early 19 century but in the 1860s diamonds
began to be discovered in river gravels in soutlddrica. These discoveries led to the ultimate sewf diamonds
being recognised in pipe-shaped volcanic deposis came to be called kimberlites after the bidbpl of the
South African diamond industry.

Understanding of the reasons why diamonds are rgostammed from this discovery. Firstly their main
region of formation is under areas of the contisemhich have remained geologically undisturbed Z@&00
million years or more (cratons). Here the diamdiodsed at temperatures of ~1000°C and pressur@9@5imes
atmospheric, mostly at a time of three billion yeago. Secondly they needed to be transportedlydpan the
depths at which they form (140-200 km) so they at tnansform to graphite as pressure was reledsed t
shallower they got. It was the magmas which gige to kimberlites and lamproites, another volcaook, which
provided this rapid transport system at varioug$rthroughout the Earth’s history. They origindtdepths of 150
km or more and are rich in carbon dioxide. They entihwough fractures and near the surface have sixplpower
as their gas content comes out of ‘solution’. Hogrekimberlites are rare, only about 6000 pipeskaevn and
furthermore only about one in 200 pipes contaimaiads in economic quantities, added to which oblyud 20%
of diamonds mined are of gem quality.

Andy Fleet

Charles Darwin, Mercian Geologist
Summary of December Lecture given by Professor Pat&/orsley, Reading University

rofessor Worsley started his lecture by explainiity he described Charles Darwin as a Mercian Gesilog

Darwin was born in Shrewsbury where he attendeaV@tsury School and his family was related to the
Wedgwood family; this part of the country had beeithin the old kingdom of Mercia. With regard toeth
description of Darwin as a geologist. the speakas &t pains to point out throughout his talk thatviin was as
knowledgeable about geology as about fauna ana fbwrwhich he is better known.

After Shrewsbury Darwin went to Edinburgh Univeysat the age of 16 to study medicine, which he
hated, and spent much of his time attending lestorenatural science. His father was not happy talwbat he
regarded as a lack of application by his son aed thok the unusual step of sending Charles tos€hiCollege,
Cambridge, to study theology. Once again Darwiemsmost of his time pursuing his real interestbatiny and
geology, amassing specimens of both. In theseujisirse was encouraged by Adam Sedgewick, who tas t
Professor of Geology, and also by John Stevenslélensho was the Professor of Botany. It was thtetavho
was instrumental in obtaining for Darwin a berthtbe Royal Navy’s exploration ship, HMS Beagle, caamded
by Captain Fitzroy. Before joining the Beagle hoare Adam Sedgewick took Darwin on an extendedfigp of
Wales and the Borders in order to acquaint him wiéhpractical aspects of field geology.

At the age of 22 Darwin joined the Beagle and sgennext five years travelling round the coa$tSauth
America and the Galapagos Islands. Here he spest of his time on land investigating the faurasaf and
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geology of the coastal regions. It is not ofteslised that the time he spent on the Galapagasdslwas relatively
brief although his investigations there are thetrpoblicised as contributing to his great work “TQegin of the
Species”.

In southern Chile and Argentina he found the imseeglaciers a constant source of amazement. He was
also intrigued by the vast forests and areas df ltegetation which he described as a “cold jungl&hother
phenomenon which fascinated Darwin was the buildiihgoral reefs; it was as a result of his obséowmatthat he
began to appreciate the effects of relative movénmeland and sea levels. After his return to Engl he struck
up a friendship with Charles Lyell whose book “TRenciples of Geology” was read by Darwin when be t
Beagle. Darwin was particularly interested in W'gelisit to Pozzuoli near Naples where, by obsegvnow far up
the columns of an old temple marine creatures h#eheanto the stone, he concluded that the leviHeEea in this
area had fallen dramatically.

One result of Darwin’s friendship with Lyell wasrfhim to be appointed as the Secretary of the dgical
Society in 1838. From 1842 Darwin lived in Down Keuat Downe in Kent where he continued his obsemnst
of the local fauna and flora, writing innumerabtklets;such as “The formation of vegetable motidsugh the
action of earthworms”. It was at Down House thatWiin brought together his thoughts about evolutitrich he
published in his magnum opus “The Origin of the@@& by Means of Natural Selection”.

Peter Cotton

The nature and origin of ferruginous “Carstoné development at Mellow Farm
Quarry (Dockenfield), Western Weald, Hants

Introduction

The study was carried out at a disused roadstdenpivn as Mellow Farm Quarry located in a sunkaerel
(Heath Hill Lane) at a small section of Lower Gregmd escarpment in the Dockenfield district of Western
Weald close to the Surrey/Hampshire boundary (060186 grid: 821388). The pit is located to thetvgide of
Heath Hill and extends from north to south for ~h0@ith a worked face of ~20m. It was initially exeded for
sands, building stones and gravels along a junaifahe Folkestone Beds and contemporaneous San&gals
which outcrop to the south and west of the are& fdrth of the quarry is believed to have been ediik the
extraction of ferruginous ironstone known locally ‘aarstone’, and to the south the loosely conatdid white
silica sandstones sometimes referred to as ‘sdeeds’. These aggregates were used for cementsnaridrs
while the colourful reddish/brown and dark/greystane was worked as a (poor) building stone andrdéee
chips known as galletting - indeed the quarry isugiht to have supplied many of the materials usethé
construction of the nearby #Zentury Waverley Abbey. The Folkestone and Sard@as are dated to the
uppermost division (Late Albion) of Cretaceous Low@reensands formed in shallow marine near-shore
environments. To the south of the pit the silvandsaare well exposed and were extracted for ugmlitium-
silicate brick production and as a ‘fixer’ in thenufacture of clay bricks and tiles.

Geological Setting

The gently inclined variable N/NE-dipping exposuie-15 to ~30) exhibit S/SW trending of bedding
planes with a degree of cross-bedding and expamsissured at ~335 this bearing is similar to concurrent
lithologies laid down elsewhere in the NW Wealdésiritt (Narayan 1963). In the northern part of tharry the
bedding planes are indistinct and the sedimentsrbedighly limonitic (Fg0s;,H,O) with conspicuous exposures
of rusty/dark tabular and cylindrical ferruginousins which vary in thickness from a few millimetiasplaces to
roughly five centimetres (2 inches) overall (Fig The in-situ slabs or wedges of contorted veing iacharacter,
length, density and colour, from soft and brittlghwa distinctive reddish-brown tinge, to hard atbng with a
dark-grey metallic sheen - clearly an age dependaommaly. Ironstone ‘chunks’ of all shapes andssliter the
quarry floor intermixed with vegetation and sandss®s. While the thin ironstone ‘beds’ express aidas
sinuosity, this is countered by solidity and stithnfjom the thicker protrusions. The latter seenyingovides
stability to the escarpment face and is known t@lmmmon geomorphological feature of the so-caladey
Hills in this part of the Western Weald. On theesthand the thinner (younger) more ferruginous seapresent
weaknesses evidenced by a rock fall that occurrdamuary/February 2006. There is a noticeablestaydfor the
thin brittle veins to rupture with marked conchdittacturing thereby generating minor radiatingface faults to
parts of the facade. Further inspection suggestgdhent rock fall was the result of freeze/thavathering to
obtruding seams together with confined root petietraremnant faulting, and more probably vandalisrified
by graffiti to parts of this slowly deterioratingak face — or indeed a combination of all theseditaoms. A series
of dip measurements taken across a number of pgingweins alternated between <16 ~45W/SW (inward
facing) might also contribute to structural wealssss Although the general strike trends east-wastilze dip is
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largely to the north, a direction which suggestggloerm stability to the escarpment face, perigdatural) rock
falls are thought to be rare. To the south ofgtihéhe silver sands are well exposed and wereetdd for use in
calcium-silicate brick production and as a ‘fixer'the manufacture of clay bricks and tiles. ThékEstone Beds
are dated to the uppermost division (Late Albionretaceous Lower Greensands formed in shallowmarear-
shore environments.

Ferruginous Development

Formation of the iron-cemented sandstones sometieiesed to as ‘ferricrete’ elsewhere in the Weald
District can be interpreted from existing crosstieas in the quarry face as emanating from incipi@eteoric
surface precipitation migrating via accessible pspaces in the loosely packed sediments. This lastgig
seepage of fluids generates striped diffusion patef superficial iron-stained curves or ‘drapesferred to as
Liesegang ringsknown from chemical reactions (Hedges 1932).fface the oxidised drapes or curvatures are
produced by gravity induced water transportatiord dhe settling-out of oxide minerals from circubefi
groundwaters contained within the iron-rich lithgyo(Fig 2). Where the phenomenon of precipitation tieas
occurs to form Liesegang rings, abundant ferrugimainerals such as glauconite, (K¢feAl)»(Si,Al)40.o(OH),), a
complex hydrous silicate of iron and potassium @lsninium, magnesium and calcium, together witkched
decayed mineral substances from sub-surface orgaatter, is transported to irregular spaces of aiontent
within the sediments. As a result abundant iroh-golutions become intermixed with alumina and a@ous
minerals which cement a plentiful supply of uncditsted quartz grains to complete the ‘ferrugengtiocess.
Isolated pockets of sediments are also formed, sorae with bleached sandstone centres, which thegaldp into
a variety of contorted solidified veins and cylinslelelimited within the horizons — this assortmeinterruginous
seams are termddstoonsor festooning structuresince they appear to hang like loose metallic rehdetween
formations (Fig 3).

It can readily be deduced that the assorted cordiguns of ironstone developed in the highly oxdis
Folkestone Beds form relatively quickly (severalntiteds to thousands of years) as the sedimentamigeco
subjected to diagenetic alteration. The controlfiacfors are an essential supply of migrating gdoaters which
significantly contributes to oxidation of ferrousrapounds (Fed°" ©™°u"% not |east the intrinsic glauconitic
minerals themselves. Reliance must also be placedlotle internal variations over relatively lorgripds of time.

It should also be noted that ferruginous developnuEres not take place at depths greater the ~8raubec
diagenetic conditions become impeded. These inclpdes space limitations, mineral constraints duéaching
restrictions, temperature variations, inadequatemmigration channels and compressional dynarfiesuginous
development of carstone results in an iron conénrt60% (FgOsH,0 o " comPeundy \which can be regarded as a
limonite rock rather than a rock with constituéntdnitic minerals (Read 1970).

There has always been controversy as to how tHee§toine Beds uniquely develop ferruginous variation
leading to iron cementation. It was originally tgbti that oxidation was derived from the presencglaficonite
which is common to marine sandstones. W. E. SniiibT) disputes the notion that glauconite was ttime
source because it was too fresh; moreover thehiityaof ferruginous development within the Folkaise Beds
precludes glauconite as being a major source. Spoitfited to the importance of pyrite alteratioraamore likely
cause while investigating pyrite nodules in thehdyBeds. He concluded calcium phosphates had hssoikd
from percolating rainwater following removal of tiigault Clay capping. On the other hand PadghamQ)197
suggested a penecontemporaneous early diagenetiesgr from the remains of soft parts of mollusceeel
molluscite by Gideon Mantell (Topley 1875). However such rareaare rare in the Folkestone Beds and
insufficiently widespread within the successiorbta source. While the origins of iron-cementatias yet to be
fully established, the stratigraphic proximity teetGault Clay deposits with their abundance ofiliessl bones
and shells, provides a more productive and readyceoof iron and calcium phosphates than that dédrto the
stratigraphically older Hythe Beds where iron cetagon is less pronounced. It is likely therefohatt Smith’s
(1957) work points to the alteration of pyritic nbels as the main oxidation source for variableufgmous
development in the Folkestone Beds.

References:

ALLEN P — 1975Wealden of the Weald: a New ModEfoc. G.A. Vol 86, Pt 4 389-438

HEDGES E S — 1932.iesegang & other Periodic Structure€hapman Hall, London

NARAYAN J — 1963‘Cross-Stratification and Palaeogeography of theMeo Greensand of South-East England
& Bas —Boulonnais, FrancéNature, 199 1246-7

PADGHAM R C — 1970A study, mainly petrological and petrochemical tire Folkestone Beds of the Weald'.
Thesis, University of London

READ H H — 1970Rutley’s Elements of MineralogyAllan & Unwin, London
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SMIH W — 1957 ‘Pyrite nodules in the Hythe Beds of the Tilberstow

Surrey’.Proc. G.A. Vol 68 45-52
TOPLEY W — 1975The Geology of the Weal®roc. G.A. 86 (4) 372-388

Fig 1: Early development of contorted ironstone veais known locally as ‘Carstone’, Folkestone Beds

Fig 2: Diffusion atterns of iron staining referred to Fig 3: Ferruginous sandstone exhibiting dark-grey
as ‘drapes’ and.iesegang ringqgchemical reactions) ironstone development known agestoonsor
in marine sandstones of the Folkestone Beds festooning formations

John Gahan

| The geology of Brittany — FGS field trip to Brittany & Normandy, October 2008 |

Regional Geological Interpretation - the Celtic Ocan and the Cadomian Orogeny

Denis Bates, joint leader of the trip, demonstraked Brittany is a complex area geologically, &nlink
it is easiest to put the rocks and localities giiinto their regional context, based on interpiata from the 1990
Special Publication on this area. The Brioverianksoof northern Brittany (ranging from 626-575Magre
originally thought to be a normal stratigraphicsence of lower (older) volcanic rocks underlyingpap(younger)
sedimentary rocks. However they are now interprédekdave formed in an orogenic zone, to the soa#t ef a
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major subduction zone running down the English @kéafthen the Celtic Ocean). A volcanic island esmplex
offshore passed through a back-arc sequence oéniokc and sediments, shoreward to coastal terrigebeds.
These facies zones were then progressively theugeaanes’ upon each other and onto the edgbeofdartian
Continental Plate (2000 Ma). These broad domaieslaown in Fig 1 (from Rabu et al).
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Fig. 2. Structural sketch of the Cadomian belt in the orogenic arca (North Brittany) and the intraplate domain
(Bocage Normand and Central Brittany). 1. Basemeni: 2, 3, Cadomian orogenic domain (2, island arc; 3, back
arg basin}; 4. 5, Cadomian contincntal domain (4, interbedded Black chent; 5, reworked black chen): 6, Trégor
granites: 7. 51 Malo migmatites; B, Mancellian granitoids: 9. Dome de Plouguenase; 10, Central Brittany
Rriovenian: 11, Vanscan graniics. Unomamented, Palacoroic cover and basin

R

Figure 1: Note the position of the volcanic arc anmhck arc zones of Baie de St Brieuc lying withhmet
Orogenic Domain, between the subduction zone (tbartian Edge) to the NW and the continental margin
to the SE.
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Fig. 4. Schematic mterpretation of Cadomian evolution in the Armorican Massif.

Figure 2: Note how the different zones are adjatén each other at the time of their formation (top
figures) and are then gradually thrust one on top the other, and onto the continental margin, aseth
mountain building progresses
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Fig 2, (also Rabu et al), attempts to show the wabdlosure of this area of the Celtic Ocean duthrey
Cadomian Orogeny — from approximately 640 to 540Wds sequence of events was complicated furthehbey
oceanic plate (to the north) sliding sideways clask relative to the continent (to the south) alandeep vertical
suture (transverse fault).

If we put the rocks we saw into this setting, tlies basic volcanic rocks and ultrabasic serpeittiniicks
seen at Erquy probably represent ocean floor seggeformed in a back arc extensional basin (s6e66@Ma in
Fig 2); where the medial and proximal slope fancdgp, as at Moulin Plage, Binic and Cesson, ougglgoarse
pebbly debris flows (Cesson) also formed. The dednid turbidity current flows were generated byfthguent
earthquakes associated with this environment. didwte at Saint Quay represents the roots of aarw from the
island arc, seawards of this back-arc (~640Ma gnZyi

The continental red beds of Cap Frehel represenutfdisturbed continental deposits whilst the Hgavi
folded and contorted St Jacut migmatites represeqtiences which were severely deformed during dnh e
movements. Note, the St Malo migmatites of St Jpeuninsular are not true basement as they arenilbsiage to
these sequences (<650 Ma) whereas the true baseookstare 2000 Ma (outcropping further west ateB#e
Lannon).

The Jersey rocks were not visited but are parhisfdame basin, although interpreted to be paat lafer
orogenic phase (see above 580-560Ma). The Jerséganio Group have been interpreted as calc-alkaline
andesites and rhyolites of an island arc settimytha Jersey granites their associated magma chaabeences,
whilst the Jersey Shale Formation represents taiteedial fan turbidite deposits.

Summary of Brioverian Localities

St Jacut Peninsular -The St Malo Migmatites (Figs 3 and 4) are a sesiemigmatites (a mixture of
foliated high grade metamorphic rocks mixed withdsmof granitic igneous rocks generated by thdgbamtelting
of the metamorphic rocks to create a melt from Wwhiee granitic rocks crystallised) formed undeenste heat and
stress during the severe earth movements. Ptygfieddic appear random and disconnected — they argtt to
form when the rocks are very warm (hence not bjittihd non-homogeneous. The folded material repiesiee
more viscous band and the surrounding materiahgokeiss viscous, flows around the fold. There was good
evidence of a large vertical fault; could this besmsverse fault?

At Plage de Quatre Vaux (4 valleysthere were migmatites similar to St Jacut but wititk quartz
pegmatitic veins of multiple phases, which appeaoddave been emplaced as a crystal mush, and efosneked,
also present were possible boudinage structures.

- - ST i N il
Figure 3: Ptygmatic folds in the migmatites of Figure 4: St Jacut East — more St Malo
St Jacut Peninsular (west).

g -

igmatites

Saint Quay lies at the northern end of the western side ofBae de St Brieuc and the sequences here
include a dioritic igneous intrusion of Cadomiareag59 Ma, with many good examples of xenolithsl kter
cross-cutting granitic veins and patches (Fig 5)

Moulin Plage —steeply-dipping thick sandstones are, as Grahanodginated, locally overturned to S. In
Fig 6, these thick sandstones young from left gbitrti The left hand bottom corner of the picture pdses the
laminated top of one turbidite, this has been ioiat by the following thick proximal turbidite whiatccupies most
of the photograph. Rip-up clasts of dark shalejastevisible along the lowest part of this turbé&dwhich is some
1.5-2 m thick. They were laid down as medial anakjpnal turbidites (dense flows of sand, silt anddmwhich
flow downhill under gravity in turbulent conditiorasd the turbidite deposits form fans such asebtittom of a
submarine canyon. Sediment may gather on the sherahd then flow as a mass when the earth is shakean
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earthquake, as at Aceh, Indonesia on Boxing Da@426r when it becomes unstable under its own vieaghat
berfan, 1).

Figure 5: The grey diorite intrusion at Saint Quashows pink granitic  Figure 6: Boudinaed guartz vein
areas and pale pink cross-cutting veins (do thelpgranitic areas at Moulin Plage cutting through
represent chemical alteration of the diorite, i#he addition of K sub-vertical sandstones

(potassium ions) to change the feldspars to ortrese?).

Thick turbidites are normally associated with sabme fan systems, which develop along tectonically
unstable coasts, often associated with subduatimeh systems, such as along the modern day co@stifornia.
Here tongues of igneous rocks similar to those as¢&aint Quay were present. Also boudinaged quaits were
apparent (boudinage structures were common thraighe area). Boudins are formed by extension o
homogenous series of rocks. The rigid tabular rfeke a quartz vein within sandstones, but oftdrea of
sandstone within shales), is stretched and defomnititih less competent rocks. The competent beshéared to
form sausage-shaped ‘boudins’ (French for sausages)

At Binic there were similar subvertical, but relatively ufmlmed, sands of proximal turbidites again with
shales, often contorted, forming lenses and pgssibmped, but without the tongues of igneous rocks

Cesson -here, thick pebble layers (Fig 7) were originaliyerpreted as a basal conglomerate of shallow
marine origin. However, if you look more closeletpebbles lie in a mud matrix and the mud suppbes
pebbles, they do not support themselves, so haveeen winnowed. | prefer to interpret this as brideflow,
which would complement a proximal turbidite origor the overlying sandstones and shal@ésese shales and
sandstones are frequently heavily deformed andrestie@ig 8), with the degree of deformation inchegs
southwards, culminating in a thick subvertical nm{te zone. Mylonite is formed by recrystallisatias a result of
deformation, at temperatures of 28850°C, typically during dynamic metamorphism, the foba lies roughly
parallel to the fault or shear zone.

L RE T
A

=%

Figure 7: Boudinaged pebbles at Cesson. Figure &vBrely sheared sequence, Cesson.
8
FGS Newsletter — February 2009 8



At Cap Frehel, on the eastern edge of Baie de St Brieuc, a sukédmal sequence of red beds (Fig 9),
some cross bedded (Fig 10), others rippled, odndicating deposition under shallow water and ttom irich
character suggesting an arid continental origin;

R,
.p_-‘.' - ?' X iy a . ¥ L e, e 8 » g i
Figure 9: Note the flat-lying undisturbed naturefo Figure 10: Close up of the red beds showing their
these red beds, which contrasts with the subvetftica cross bedded nature

sheared nature of the turbidites seen at Cesson.

& - e AL

At Erquy on the northern edge of Erquy bay, coarsely-beddedstones similar to those seen at Cap
Frehel are present with locally well developed gvewths forming good quartz crystals. Along theteetn edge
of the bay, a sequence of sediments and volcanicsap, which are now subvertical. The volcaniguance
exposed along the southern side of Erquy Bay caapia sequence of relatively homogeneous beddatishdsit
other interesting features are:

- Ultrabasic serpentinitic rocks are also presEigf L1), here apparently bedded and fracturedgthes
probably represent oceanic crustal sediments @ilplgsubvertical dykes now appearing horizontal,

- Sometimes repeated volcanic activity has brokeearlier solidified lava to create clasts (Fig,12)

- Elsewhere pillow lavas are present; limonitic thkeaing is common, here outlining the pillows.

Figure 11: Ultrabasic serentinitic rocks at Equy Figure 12: Volcanic clastsin lava at Erquy

Jersey Brioverian Sequences

| compared the Brittany Brioverian rocks with thaseJersey where the geology is also dominated by
rocks of Brioverian age. The Jersey Shale Formatie#?500 m thick) is a sequence of fine-grained ititd
sandstones of a medial to distal fan setting (flevdominantly to the north, away from Brittany),thvilesser
amounts of siltstone and shale, and occasional nishdeonglomerates (Fig 13). Overlying these is Jdeesey
Volcanic Group (~2250 m), a sequence of volcanikso(dominantly andesites and rhyolites of an tslanc
setting) and a ploygenetic conglomerate (the RGoelglomerate — Fig 14) of a shallow water or cantial origin
(the clasts support themselves with no appreciatld). The Jersey Shale shows multiple phases ofmation,
but only low-grade metamorphism (to low greensclaisies) as in Brittany. The many granites of dgrepresent
rocks from the magma chambers, below the volcanoes.

9 FGS Newsletter — February 2009



Figure 13: Jersey Shale - turbidite sequence Figuré: Rozel Conglomerate - contine

ntal deposit

There are multiple phases of igneous intrusion,idantly granites and granitic rocks, with minorgel, diorites

and gabbros, whereas in Brittany, the intrusiorensgf equivalent age were dioritic (St Quay). Bgtbups of

intrusive rocks are dated between 675-480 Ma andensey are interpreted to have been emplaced post-

deformation and -metamorphism. Both sets of ignaéotasions have produced localised thermal metahism

with chlorite spots in the surrounding BrioveriagdBnents. The major faults also strike WNW-ESE énséy.

Thus the same structural and depositional histasydifected Jersey as Brittany.
*kkkkkkkkkkkkhkkhkhkkhkhkkkkkhkkhkkkhkhhkkhkhkkhkhkkhkkhkkhkkkkhkkk **

Ploumanach Granite on the Cote du Granite Rose whilst in Brittany we visited this sequence. Thmmnite

pluton is late Variscan (290 Ma) and thus much geurthan the Brioverian sequences, consequenthyé kept

its discussion completely separate from the otbeks.

It is interpreted as a series of intrusive finedarse-grained granitic bodies, formed during cauld
subsidence, with localised basic rocks in intina@gsociation.

At lle Tourony (Fig 15), micaceous laminae (once interpreted adirsentary’ structures) appeared to
reflect downward dipping cone structures; | tentdi interpret these as ‘fracture linings’, wheatelstage mica-
rich fluids (possibly of a more basic lamprophyragma) have passed up incipient fractures in the grainite.

At St Anne’s beach the acid and basic magmas co-existed at the sameeas immiscible liquids (Fig 16)
it appeared that the dark basic rocks formed disagiobules with an acidic feldspar-rich crystalsmwand an
intermediate mica-lamprophyre crystal mush fillitige ‘pore spaces’ between the basic rock globul@ghilst it
is unusual for basic and acid rocks to occur tagethis not unknown and they frequently appeahdawe come
from immiscible liquids. Similar mixed basic anddic rocks are present on Jersey and again thegaap have
come from immiscible magmas. Similar Variscan-agehite plutons occur in Devon and Cornwall.

The Kerleo quarry outcrop showed three different granites. Fig 10sha coarse grained granite on the
left cross-cut by the finer granite on the righttoé picture.
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Fig 17: Kerleo Quarry -The Ploumanach '“. Figure 18: 'The group at St. Jacut
granite

Thanks go to Graham Williams for organising a shpeip and also to Denis Bates for giving us the
benefit of his vast knowledge and experience of trea. On behalf of the group (Fig 18), | mustsgrahe
patience and skill of the minivan drivers (Grahdreter, Susan and Judith) and lastly Susan and énthéir
patience with us geo-enthusiasts during all weattraostly cold, windy but fine).

References:
The Cadomian Orogeny, Geological Society Specibli€ation, No 51, 1990:
1) The Brioverian (Upper Proterozoic) and the Cadoniargeny in the Armorican massif, Rabu et.al.;
2) Cadomian tectonics in northern Brittany, Brun & &al
3) Brioverian volcanism and Cadomian tectonics, Ba&ieStBrieuc, Brittany: stages in the evolution déta
Precambrian ensialic basin, Roach et al.
4) Cadomian Magmatism in the North Armorican Massi\Bn et. al.
Liz Aston

| The archaeology of Brittany and Normandy - FGS fiad trip, October 2008

As we went around on our excellent geological figiol led by Graham Williams and Denis Bates, we als
visited some significant archaeological and hisadrsites. In the Neolithic, the domesticatiorptnts and
animals spread through Europe in two ways, som@lpeadopting the new ideas, others bringing therthag
migrated from the eastern Mediterranean. The tWii@s came together in Brittany (We may talk akibig on a
later field trip).

We had seen the un-impressive menhir ‘GargantuageF at Fort du Latte, so Joan Prosser suggested
detour near Dol-de-Bretagne to look at a far beitex, the 9.5nPierre du Champ DolenfFig 1). Joan did not
believe the legend that the stone fell from thetskgnd a battle, instead she told us that thesdninsewere put up
in the Neolithic maybe 4000-2500 BC, to mark impattor sacred places, springs, burials, perhapsdiar and
lunar prediction, or territorial boundaries.
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Fig 1: The Menr Pierre Du Champ Dolent Fig 2: ManSt Michel from the Causeway

At least once, everyone should visit the RomanesquieGothic ecclesiastical fortress of Mont-St-Mich
(Fig 2) on its granite island, so we did. It is leobrth it. Founded in 708 by the Bishop of Arrorohe, it became
a place of pilgrimage in @ after a vision of St Michel appeared. As ther&ss of the French king, it resisted
many sieges by the forces of Henry VI. It is now thost visited of FranceMonuments Historiques bit touristy
but if you look carefully the Grand Rue still has 15-16'C houses and the architectural engineering atutherst
is extraordinary, in a simple style unusual fostperiod, the edifice capped with a remarkableespiOft above
the sea. ‘Pilgrims’, after 1000 years, are stilihtling up fromPorte du Roand buying their ‘tokens’.

Frankish lords built private fortifications with igsons of cavalry as protection. Facing repeatéathks
from the Danish Vikings, as in Saxon England, il @harles the Simple of France granted land todRiblé
Danish leader in a treaty, in exchange for probectigainst other Norse raiders. This became ‘nattgmland’,
the Dukedom of Normandy, the greatest of the ppialdies to owe allegiance to Charles. But the Bamere in a
foreign land and for protection against attack, amdcontrol the populace, they copied the Franldahtles,
breeding war-horse (destriers) for their heavilgned knights, later to be decisive in the battle Emgland at
Hastings.

In Bricquebec we stayed at I'Hostellerie du Chatedéhin the medieval motte and bailey castle, catel
with its polygonal keep (Fig 3). Like our EnglisBdnquest’ castles, it dominated the church, maskkage and
access over the river. Barry Eade described théphake history of its architectural features, axphg that the
10"C castle on the 17m high motte would have beeindfer, the oldest stonework, the residential ‘carhand
hall with its Gothic arches, dating from 1190. ksvcaptured by the forces of Henry V in 1418, tretaken by
Charles VII, when much of the castle was destrdyeéire. It was probably quickly re-built, the daté much of
the standing architecture, although two bailey tsware 18C . Bricquebec was liberated on"™20une 1944, a
PLUTO (pipeline under the ocean) routed just wéshe village, now a pleasant little town.

=

Fig 3: The Polygonal Keep of Bricquebec Chateau FigThe 13-14'C Fort la Latte re-designed by
Vauban in 17'C

En route to Cap Frehel, we called in on Fort latddFig 4), built in 13-14C as a strongpoint and
watchtower to protect the Duke of Brittany’s larnghaanst his neighbours and the English. The Dukegwned
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with France in 18C but then an ally of Henry IV took over the fats, re-capture by the French damaged virtually
everything except the keep. In the"C7 afraid that the English would attack Brest, lsodilV entrusted the
fortification of Brittany to Sebastien de la Prestfauban, one of the great post-artillery militangineers. Vauban
re-designed the fort adding overlapping tiers af glatforms and outreaching bastions, characterdtthe many
other fortresses and defensive cities he constiditte Ypres and Verdun. The fort was in the filfrhe Vikings’

as a Saxon Castle, much too early though!!

Vauban re-designed the bayonet so that it couliirioéy attached to a musket, while still allowingto be
fired; from then on the pike was redundant. A sdrjustice here, a French invention carried bytad Allied
soldiers on D-Day, helping to liberate Franceuks made clear, thanks to Peter Norgate; anothierfound here
and at Cap Erquy was a curious largéQ®ven for heating cannon balls to ‘cherry-red’ tise as incendiaries.

Ville de Granville was fortified by the English 1¥39 to confront the fortress of Mont-St-Michel
1442, it was lost to the French. THaute Villestill has a complete circuit of ramparts despéab bombarded by
English ships in 1695 and 1803. In contrast, we ®avourselves the destruction of the batteries stnshgpoints
of the Atlantic Wall onPointe du RodFig 5) when Granville was again attacked, tmsetiby the Allies prior to
the town’s liberation by the US*3Army on 30/31' July 1944.

g
=t WAL

Fig 5: The Atlantic Wall at Granville Fig 6: Thigicture from the Lapworth Museum shows
the potential problems of driving over bombed sand.

As we drove into Normandy we were very aware thistwas the place of the historic invasion of Germa
held Europe, Operation Overlord. A few minutes raftidnight on & June 1944, 20,000 Allied airborne soldiers
parachuted and glided into Normandy. Six hourg |adleet of 6,000 ships put nearly 250,000 maidisrs onto
sixty miles of coast, from the River Orne to thet€@win peninsular, in the biggest seaborne invasiadnistory.
Overlord was the start of the liberation of occdpiirope, which, in one year of hard fighting, ehdevictory.
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Whilst there were more historical than geologidedssto see, the geology continued to be an impbrta
aspect of the trip, particularly as geology playedery important part in the Normandy landings ofD&y.
Professor Fred Shotton and his team were key tgeébigical input; he was a Quaternary speciafidtexamined
sands from various beaches and determined thdietheh at Brancaster in Norfolk was the most simdahat of
the Normandy beaches. This beach was then bombestdblish whether vehicles could pass over thetiowi
problems (Fig 6). Professor Shotton’s work remaitegd secret and he had a continual input duringptaening
stages of the invasion to assist with the locatibairfields, landing beaches (Fig 7) and sourdesater for troops
and pointed out potential geological hazards aasedtiwith dunes, cliffs, rivers etc.

Mike Rubra

| GA Exhibit November 2008

embers manning the Society’s stand at the GA Anrairalion which was held at University College,
London, in November of this year.

| FGS field trip programme for 2009

April 3"- 6" weekend - The St.Austel Granite led byDr Alan Bromley

Alan is a very experienced expert on igneous andammarphic rocks, particularly on associated
mineralisation; he provides consultancy servicesitang firms. He is the locaxpert, having spent more than 35
years in the area; he was based at the world fa®@aogourne School of Mines.

The St. Austell granite is the most complex plutoSW England, with a greater variety of rock tyjlesn
any other; it is said to be the most intensely ikes¢d granite in the world; there can be few amghsre water -
rock interaction is displayed on such a massivéesdiais a multistage intrusion into Devonian addrboniferous
sediments; this produced biotite granite, lithiuntangranite, tourmaline granite, topaz granite Etydrothermal
activity caused extensive metalliferous mineraiigat Surrounding Devonian country rock was metarhosed,
and high temperature minerals such as garnet,ardediand rarely kyanite and sillimanite were fednMineral
veins contain copper, magnetite, tourmaline, pyrtesenopyrite etc; there is extraordinary tourmisdition at

Roche Rock; kaolinisation of the granite led to @anchina clay industry. The area is famous fer dbundance
and variety minerals.

May 10" - 16" - Isle of Man -led byDr Bill Fitches
Bill recently retired from university; he has unidden research in the Isle of Man, and has led many
student and adult (!') geological field trips. Wél\study:-
« the sedimentation, deformation and metamorphisn®@fovician and Silurian rocks ("Manx Slates"),
deformed in the Caledonian orogeny;
- Devonian (Peel Sandstone) terrestrial sedimentsCanboniferous Limestone with abundant fossils;
« Igneous intrusions - granites with their extengivi@eral deposits, and Tertiary dykes intruded wita
opening of the North Atlantic;
- Pleistocene (ice age) sediments and geomorpholtgy rorth coast provides 30km of nearly continuous
exposures unrivalled elsewhere in Britain.
« Mining and archaeology.
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June 7", Sunday — Avebury to Swindon {ed byMike Rubra and Graham Williams

Mike will lead us through the enigmatic stories inehthe East Kennet, Silbury Hill and Avebury Cacl
Neolithic structures. The huge Avebury Circle s®aee Sarsens - we will examine the complex presetst led
to their formation. Old quarries and railway cugsmear Swindon expose another famous buildingest&ortland
Limestone. The sequence includes late Jurassictaedand limestone beds, rich in fossils.

June 19", Friday — Shere: mid-Summer’s eve walk fed byDr Graham Williams

The evening walk will circle Shere to see how tlever Greensand - Gault - Upper Greensand - Chalk
sequence affects the landscape; there is evere 8eagate Stone outcrop. We will visit some of 8lseancient
buildings from the 15th to 18th centuries, termimgtin the White Horse two bay timber framed opefi house,
built around 1450, to examine some important dles !

July 5™, Sunday — Farringdon & Abingdon -led byDr Graham Williams

See the world-famous Farringdon Sponge gravelbelbwer Greensand (age equivalent to our Bargate
Beds). The rocks were deposited in a valley inst floor during a storm and contain superbly puvesefossils
including the famous sponges, ammonites, echindidsshiopods and bryozoa. Some dinosaur and p#sios
remains have been found, derived from Jurassiareeds probably also as a result of the storms. Mdrne
fossils found at Coxwell Pit are rare and are naafeat the quarry and the local town.

Then to Dry Sandford nature reserve near Abingdiweres an old quarry exposes richly fossiliferous
Corallian Beds (M Oxfordian 140my ago). The sediteemere deposited in shallow coastal waters closmtal
reefs. The succession includes the Lower Calcar€oiisTrigonia Beds, and the Urchin Marl and Cdralg of
the Osmington Oolite Fm, with brachiopods, ammanited corals.

August 30" to Sept 5th — Aberdeen and the Grampiankd byDonald Milne
Don is an old colleague of mine and can be bestrithesl as a true Scottish gentleman. Don has waked
his life in the oil industry, primarily with BP, dris now a respected consultant and a very goeddriWe will see
some internationally famous sections; we plan:
« Highland Boundary Fault and Highland Boundary Sea¢ Stonehaven; Devonian Old Red Sandstone
conglomerates and volcanics south of Stonehaven.
- Metamorphics (Barrovian zones) and granites aloadStonehaven to Aberdeen coast section.
« Granite and Gabbro localities around Aberdeen;
« Devonian Rhynie Chert;
« Permo-Trias of Morayshire;
- Aberdeen's oil industry, ideally a visit to BP ather company to view a data cave in action. Alsede
offshore supply vessels, drilling equipment etc.
« Archaeological and historic sites around Aberdeen.

October 4", Sunday — Watership Down led byMike Rubra and Graham Williams

This walk follows some of the adventures describedRichard Adams' book of the same name. The
sequence is Cretaceous, and there is also an ekrémssiliferous London Clay exposure nearby. Wk see the
effect of the rocks on the landscape, and how uarlRoman structures also were influenced by theskzape.

| hope this programme will provide something ofenatst for everybody - interesting places, beautiful
countryside and seascapes, wild life and plantdeahand modern rocks, building stones and ardbggoPlease
contact me if you wish to join any of the trips.
Graham Williams

The geology of paintings
Summary of September’s lecture by Dr Ruth SiddallEarth Sciences, University College, London

We use paints and cosmetics so routinely todaywieatarely stop to think what gives them their be#aut
colours, shades and textures, but these matermlefeen familiar compounds and materials espaciall
those of us with a background in mineralogy or gggl

Paint consists of two main components, the saligly powdered pigment which provides the coloud an
a medium which both binds the pigment together raa#les the paint fluid. The medium, of course, aboes’
the paint to the surface being painted. The medéunsually an organic material such as gum arabicis used
to bind the pigment in watercolours or oil (usudlhlyseed oil) for oil paintings. Inorganic binddrelude lime
wash which is generally used with the fresco tegimmiof wall painting.
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Pigments may be broadly divided into organic, mah@nd synthetic materials. Organic pigments inelud
the compounds that are familiar to use as texilesdsuch as cochineal (carmine) derived from soakects or
blue indigo and red madder both derived from plaktseral pigments are of course geological makerand
many synthetic inorganic pigments have structume$ eompositions which are analogous to natural ralne
species.

For mineral and inorganic synthetic compounds, tdehniques routinely used by petrographers are an
ideal way to classify and identify pigments. Anyneiial which gives a strong colour in a streak ieikely to be
useful as a pigment. The polarising light microscdpa very powerful tool for pigment identificatioboth for
identifying mineral phases and for describing tpgaal properties of synthetic crystalline composindicroscopy
also shows the breadth of material incorporatg@igments including mixtures of two different coledrpigments
to obtain a third shade and the presence of mitarsed to bulk out paints and make the pigmentfugber.
Rocks and minerals like pulverised chalk and clages often used in these contexts. Obviously thisrtigjue
requires that samples must be removed from thdipgibeing studied, but such tiny amounts are néd¢dat no
discernible damage to the picture can be discerRedher analytical techniques such as scanningtrele
microscopy, Raman spectrometry and electron prabeoanalysis are also used to confirm the compwsiéand
structure of compounds.

Mineral pigments were some of the earliest matemained by humans. This is testified by the famous
Palaeolithic cave paintings of sites like Lascauxrance and Altamira in Spain. These stone agstsatsed
ochres for their pigments, primarily red, yellondalorown ochres derived iron-rich sources and alanganese
oxide-rich black ochres or ‘wad’, rich in mineraach as pyrolusite and hausmannite. Ochres, anitarly
hematite-rich red ochres also clearly had a rigighificance in these societies too; burials frdrase periods
frequently reveal the skeletons to be covered withochre as in the example of the Red ‘Lady’ ofilRand Cave
on the Gower Peninsula. Ochres are today the nigimgmts of choice used by many traditional socédtieluding
the Australian Aborigines, Native Americans and telahari Bushmen. These materials are also used as
cosmetics as well as for the decoration of surfacekobjects.

By the Roman period we have evidence for a broageaf materials being used as pigments. This
information derives from archaeological sourceshsag the splendid wall paintings preserved at eatgans like
Pompeii and Herculaneum, but also from written résdoy contemporary authors Pliny the Elder andaticlitect
Vitruvius. Both mention a whole range of pigmentsni standard ochres to other ‘earth’ pigments agkvhite
from chalk or kaolinite, and green earth, whichcadoured by the clay minerals glauconite or celdt#orThe
Roman authors also describe the use of expensivexastic minerals being used as pigments suchrasloar
from the mercury mines in Spain, malachite andisgurrpiment and realgar.

Blue colours have always been expensive and difftouobtain. However in place of expensive azuyrite
The Romans used a synthetic calcium copper silicatepound, the recipe for which they obtained figegypt,
where this compound had been manufactured as apiogent for nearly four millennia. The blue pignevas
therefore generally referred to as Egyptian Bludals a composition analogous to the rare minenatacivaite.
This became the most important blue pigment uhl Renaissance when it was superseded by the mdre a
expensive mineral lazurite, derived from Afghanidapazuli deposits. This is the famous pigment ehll
ultramarine. The Egyptians also synthesised gresadsvery occasionally purple-coloured compounds.ti@n
other side of the world inBCentury BC China very similar blue and purple conmus based on barium copper
silicates were being manufactured. These coloure weed to decorate many artefacts including threatetta
Warriors.

Many synthetic pigment compounds were first produgs by-products of metal extraction or glass ngakin
industries or discovered by alchemists during theperiments. Compounds such as verdigris for uarghades of
greens, red lead (lead[ll,IV] oxide) and white lggshd carbonate hydroxide) and synthetic varietfesinnabar
(vermillion), malachite and azurite (called greerd &lue verditer respectively) were commonly usgdniany
different societies.

By the nineteenth century, advances in the sciehohemistry had allowed synthesis of a wide raofe
compounds including a synthetic ultramarine andewidnge of compounds based on the element chroone. F
example, Chrome yellow, a synthetic form of thellearomate mineral crocoite.

New colours like shades of purple, which had prastp only been routinely available by mixing other
pigments were now synthesised. For example, thalcweinlets were very popular with impressionisinpers like
Claude Monet. Many of these new pigment compouneisiaw know to be highly poisonous, particularlysio
based on arsenic - these included the green c@ppenites which were popular for printing rich eahérgreen
wall papers as well as an arsenic-bearing formobflt violet. It is only with the advances in organhemistry
from the late nineteenth and twentieth centuries we are now able to produce safe, strongly celband cheap
pigments via large-scale industrial processes.

Ruth Siddall
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