Farnham Geological Society

[ www.farnhamgeosoc.org.uk

Farnhamia

A local group
farnhamensis within the GA
Vol. 20 No.1 Newsletter February 2017

Issue No: 95
List of contents
Box Hill — a different look at the hill ................... 1 | What meteorites tell us about asteroids ................ 6
FGS Monthly Meetings 2017 .............cooevvvennen. 3 Thames tideway tunnels and London’s sewers ...... 8
Animal evolution from Ediacaran biota ............... 4| FGSField Trips 2017 ..oovoveiiiiieie e 12

Editorial
| hope you enjoy this edition of FGS Newslettearother very varied bunch of topics — thanks tetflan

Catchpole’s sourcing of speakers. If you are pass@oabout one particular geological item, thehffee to send it
to me, | may not be able to include it immediaiélynere is pressure on space but | will do my biekke Rubra is
passionate about history and our (often very lastadt) ancestors and their activities so he hagiged me with a
discussion on Box Hill and the industrial past lné MWeald. Interestingly, when we built our houseL@87, we
bought our bricks from the brick makers situatedhie quarry, and using Upper Greensand, near Fari$ands,
and giving the bricks a delightful gentle pinkisieh Sadly they have now had to close.

Obituaries

It is always my sad duty to record the deathsusfroembers; this year there are three — Jim Psijltipe
husband of Janet who has been a stalwart on theittee for many years; Peter, husband of Pam wlwamather
long-standing member and last Harry, my husband.cOndolences go out to their families and we milss them
all, patiently tagging along with their wives oalfi trips - cycling miles over the moors in Jimé&se and (physically)
holding me up in Harry’s case.

Geology course details:

| will be re-starting/continuing the geology coaiis March 2017 at Hawley Hill, Blackwater{Zuesdays
in the month) and Farley Hill, Reading{Buesdays in the month). The course is technicalddaxed. Both venues
have easy, safe, off-road parking. If you are eated but not yet enrolled, please contact me at
newsletters.fgs@gmail.com

Box Hill: a different look at the hill
Mike Rubra, Member of Farnham Geological Society

After an interesting morning looking for fossilstae famous Smokejacks brick pit in Septemberyaat,
we went to Box Hill, where, by the memorial to S&opold Salomons commemorating the gift of Box [tblithe
nation in 1914, Jean Davies described the sequartbe geology we could see in front of us to th&lk hills of
the South Downs 26 miles away, our geological twin.

However the wonderful rural view seen today is walind perhaps misleading. Hardly any industries,
except farming, can be seen today. But from prehiistimes up to the mid 1900s, along the North Dsvrom
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Oxted to Farnham, there were numerous and frequienaind quarries of all sizes and ages from winoheral
resources were extracted and processed.

There were Tertiary and Quaternary sands and gravethe hilltops that were used for buildingsdsand
tracks; plentiful flints from the Chalk, dug out waste from lime burning, used for building; Wh@Edalk for
agriculture, fillers and purifying town gas and Gféhalk for lime and for hydraulic cement, andatid to clay for
brick making. Upper Greensand stone was quarrieduitding, as a refractory and to whiten stonew@kult Clay
and brickearth were there for bricks and tileghim Lower Greensand, Folkestone sandstones werdbgilding
and in some pits for glass and iron foundry workijding stone was quarried from the Hythe and Berdseds and
abundant Weald Clay and London Clay pits were dudpficks and tiles.

Further south Horsham slabs and Paludina Limeston&l be found. Once used by the Romans, in the
1840's, Fullers' Earth was dug commercially at ldffrom the Sandgate Beds for use as an adserpitithe
chemical, wool and textile industries (and in pateg, and, as a synthetic bentonite, in tunnebing drilling. The
most recent industry is oil taken from an almostdible site in Brockham.

Many of these industries have a long history inNtade Valley District. Iron Age builders quarrietbse
for the ramparts of their forts on the Greensamdmgsnent; we have excavated two Roman tile kilne,an London
Clay the other on Gault Clay; we know that locahim builders and farmers used Chalk and that theirs and
villas were of Chalk and Greensand and mortar wad.uWe have found a kiln used in the construafame villa,
but their pits are now hidden by later workingsnedieval Chalk pit in Westhumble was dug to ext@ialk rock.

Mole Valley is not large, about 100 sg. miles. Al@ague, Peter Tarplee, in his 1995 S.I.H.G guitlee
Industrial History of Mole Valley’ describes thechd industries. The numbers of those with geoldgmlavance are
summarised here: Brick and tile making: 15; Comuiaé¢ Chalk pits: 6; Limekilns and pits: 13; rfsband gravel
pits: 26; Stone quarries: 8; Iron workingsTBese are the main industries that still existoonfhich records are
available. | have added other pits identifiablealtg but excluded the small, undateable, agricaltChalk pits that
feature on the Downs.

These industries were not only in the countrysiatealiso within the local towns. There were fourkésitone
sand pits close to the centre of Dorking and adtlesn more were dug beneath townhouses. Theralgs@as large
lime works on the edge of town. Leatherhead hadgellime works near its centre and a brickworkshemnearby
London Clay. There were quarries at Reigate irfGteensand, the ‘Reigate Stone’ still to be sedodal buildings
and walls, often badly weathered (this stone wss ased in the Reigate Roman kiln). A Folkestomel it and a
Gault Clay pit were nearby. This town too has nwusrsandpits beneath its houses and from the ‘Roadel’.
Ashtead had three brickworks in London Clay andan&n tile kiln in the Forest.

There are a few Mole Valley brickworks and sandpit producing but many redundant workings have
been reused as car parks, building sites, indusstates, nature reserves and for landfill andvareh less obvious
in the landscape. Indeed some old clay pits arewater features.

In the 1750s, Mole Valley roads were improved amdpikes built. In 1849 the Reading to Redhillweiy
opened, followed in 1867 by the connection of Hamshiio London. Coal replaced wood and charcoal aftes and
kilns were improved, became continuously operabgareductivity rose, and products could then bevdetd easily
and cheaply. The population grew, houses were deédeses required land.

But not one of these industries was on Box Hill pitesits identical geology and no traces of earlier
occupation were identified in a recent landscapeesu The only buildings now, are an 1890s ‘foat’1 9" Centruy
lodge and a keeper's house; the lodge is wherelJmia Baird tested his early television in 192829There is a
very clear division between Box Hill and industries

Box Hill has been visited for many years, at ldzstk to the Bronze Age, ca. 2,500BC, as shown laoy tw
burial mounds near the ‘viewpoint’. One of the egtl known visitors was the Elizabethan writer W@ith Camden
who mentioned both the Hill and the Mole (1586hrd&velyn (1656) admired its trees. Celia Fiend€62-1741)
and Daniel Defoe (1724-6) both described the Hilhdplayground for the gentry of Epson’, afterititay at the
races.

Jane Austen in ‘Emma’ (1818) writes of an ‘unsatisbry picnic’ on the Hill. Both 9Century John Keats
and George Meredith, who lived there, knew the Wdll. But not one of these writers mentions anthefindustries
that were all around, even if not actually on thi#. MVere they accepted as a normal part of theldaape like a
smithy or mill? Or was it just that there were namethe Hill itself because it was part of a prevastate?

Then how were all these visitors able to visit fhiece, walk on it, use it as a ‘playground’? Theege large
estates all around the Hill, Norbury Park, Deepd&mnbies, Bury Hill and Betchworth Castle. Forshestates to
function, they had to accept that public roadstaacks needed to cross their lands to get to koeahs, villages and
markets, although some owners applied tolls. Thds@nd tracks across Box Hill could be used bypaay

There was a manor at Betchworth at Domesday, belthé King. It was divided into three, Brockhamda
East and W Betchworth. W Betchworth probably hagarthwork castle and a deer park and includedfd@lox
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Hill. The castle was built of stone in 1379 and wetsuilt as a fortified Manor House in 1449. Pdrthis house was
pulled down in 1691.

Henry Thomas Hope of Deepdene Estate bought Betthustate, with Box Hill, in 1834 and turned the
old house into a ‘romantic ruin’. With further atidns, by 1838 Deepdene Estate extended from Btaokkin the
S, N to the Box Hill Zig Zag road (the Parish Rqadpk in much of Dorking town, and went to thetemsfar as
Brockham, a huge area.

In 1909 the Chancellor of the Exchequer, David Hl@eorge in his ‘Peoples' Budget' proposed a Land
Value Tax on undeveloped land and a Capital Gadtxsoh profits from sales of land, as well as gernamme Tax
rises. These were to finance his proposed sociibmgeprogramme that included state pensions, dameals,
Labour Exchanges and free medical treatment foeveagners. Controversially it was defeated by thes€rvatives
in ‘The Lords’, resulting in a General Electionaagwon by the Liberals and the Budget was appravd®10.

In 1909, aware of the Budget proposals, the trgstédeepdene Estate put 230 acres of the undeaaklop
land of Box Hill for sale on the open market, bustwould have deprived the ordinary people, whib drgoyed the
Hill for centuries, of their place of recreatiohetr ‘playground’. Not at all what the Chancell@dhintended!

As a result of negotiations by Sir Robert Huntecodounder of the National Trust, in 1912 Sir Lelap
Salomons of Norbury Estate bought Box Hill for X&) to ‘protect it from development’, giving it the Nation in
1914. The Hill was saved for the people by the méational Trust Act (1906) that had been passedhay t
Government only a few years before. Ironicallylthed Value Tax did not give the desired resultsianes quietly
withdrawn after the war.

So that is why the great view from Box Hill is n&abling, because all around there were busy indastiut
they were kept at a distance by the many previeusees of W Betchworth Estate, and they still arg,iow by the
Trust. One can only wonder what ‘our’ Hill mightuvealooked like now if its two defenders had ignotéé
Chancellor's Welfare Budget proposals.

Mike Rubra, FGS Member

| Details of FGS Monthly Meetings - 2017

Date Speaker Title of lecture

13" January | AGM and John Greenwood, FGS | Geology and Tunneling

10" February | Dr Chris Duffin, Natural History | Lapis Lazuli
Museum
17" March Dr David Walmsey, Consultant | It was not my Fault

215 April Dr David Bridgeland, Durham Evidence for Early Human Activities from
University Pleistocene River Terraces
12" May Dr Richard Ghail, Imperial College Venus Geology

9" June Dr Hayden Bailey, Consultant Provenance — the search for a source

14" July Dr Diana Smith, Open University | Building Stones of Farnham Walk

August No meeting
8" September | Dr David Gill, Wandle Trust Geological Evolution of the Wandle from Source tp
Mouth
13" October Dr Adrian Rundle, Natural History Introduction to microfossils
Museum

10" November | Dr Julie Prytulak, Imperial CollegeThe biggest volcano in the World

8" December | Humphrey Knight, CRU Antimony: Critical metal mineral deposits in South
International West England
12" January Annual General Meeting
2018
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Resolving the early record of animal evolution fromEdiacaran biota
Summary of November 2016 lecture given by Dr Alex iu, University of Cambridge

It was a long time since | thought about any fasdét alone the start of animal life in the Prebdan.
Things have certainly moved on since then and tineeot knowledge and thoughts drawn together is létture
were quite an eye opener, if | ever get close yoRmecambrian rocks a close up inspection will beed

The lecture started with a picture of a dinosaow Imuch we know about some extinct organisms, kefor
moving on to the topic of the evening’s lectureEdiacaran Biota, about which scientists knew vétle luntil
recently. The Ediacaran period is at the very dritl@Proterozoic (Neoproterozoic) and butts adahes Cambrian
with its extensive list of fossils (Figure 1). Uritie 1950’s it was thought that there was no ahlif@prior to the
Cambrian.
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Fig. 1: Ediacaran Period — the youngest of the &néxcian Fig. 2: Dramatic changes at the end of the Precambr
intervals.

The first Ediacaran fossil, Charnia, was foundéickestershire’s Charnwood Forest; since then, difiitpent
searching, numerous fossiliferous sites have baamdfglobally. The microbial world has existed siabout 3.8Ga
and continues to the present. The change fromesicgjls to large Proterozoic eukaryotes may hawerroed at
1.56Ga in China but were definitely present in @hanh 635Ma.

Well-formed, recognisable animal fossils were pnégethe Cambrian from about 530Ma and this explos
started at 541Ma. What life transcends the Predami@ambrian junction? (Figure 2). What was goingtbally
in the late Proterozoic to bring on these momentwakogical changes in the 400Ma prior to the Caenist The
known major Neoproterozoic global events that o@xliwere global glaciations, a rise in atmosph@aaen levels,
and tectonic upheaval resulting in the breakumefsupercontinent Rodinia.

The numerous fossiliferous Ediacaran localitiesdistibuted unevenly across the Globe. To dat®lthest
confirmed large and complex Ediacaran fossils llaate been described and dated are at:

* The Lantian Biota in China of about 600Ma;

+ Ediacara fossils from South Australia;

* White Sea, Russia, at 555Ma;

« Australia and China, algal forms at 551Ma,;

« Namibian forms which have been correlated to aa sr¢he USA at 545Ma;

* South America, South Africa and China have tubated mineralised fossils at 545Ma.

It has been difficult to say whether the fossils animals, algae, fungi, or entirely extinct groop®rganisms, so
grouping them into specific families is only slowdging resolved (Figures 3 and 4).
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Fig. 3: Examples of the varied Ediacaran Biota. Hg Evolution of the Ediacaran Biota.
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The past confusion amongst scientists has led ggo#irception that the Ediacaran biota organisms are
enigmatic, weird and problematic. However, neweddi are very slowly defining their lineage and ioying
correlation of global sites, allowing researchérs opportunity to identify the causes and conseceeif early
animal evolution.

One of the author’s favoured sites is in Newfound|aat a place called Mistaken Point, which is reow
UNESCO World Heritage site and protected. Fosgle lare ca. 575Ma old and their soft tissues @asepved due
to sudden catastrophic burial of the benthic comtyulny volcanic ash, turbidites or storm events.c®rhe
organisms were killed, decomposition occurred dmalrtouter surfaces were mineralized. Newfoundlhad
thousands of Ediacaran fossils, but many of thewe lha&en difficult to identify as animals or anythielse. Studies
into their growth, reproductive strategies, and@gical interactions are beginning to reveal firgdinhat will enable
scientists to determine what these creatures were.

Although palaeontologists are struggling to idgntifiany of the actual Ediacaran fossil taxa, dedinit
evidence of animal life is found in trace fossigls as burrows and linear surface impressions thaminterval, but
the animals that created these marks have yet tdeldified. A comparison was shown; e.g. moderaildnaces
have been compared with helminthoidichnites trassifs from the Ediacaran. The Ediacaran tracel$d#sinto a
gradual progression in the evolution of traceslagtthviour through the Ediacaran into the Cambiiaguge 5).

One of the questions being asked is ‘are the patalmists looking in the right place and at tightiscale
for animal traces?’. Meiofaunal traces (Micro fauage being found in the Guaicurus Formation ofzBraated at
about 543Ma.

CT scanning is now enabling 3D reconstruction amdfioming, through trace fossils, that there weadye
animals, but much more work is required to tie type of trace fossils to a specific animal. Therent main sites
under investigation are:

e Corumba Group, Brazil

¢ Nama Group, Namibia;

* White Sea NW Russia;

» South China Platform;

¢ Avalon; Newfoundland & England.

Global Distribution of Ediacaran Fossil Sites
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Fig. 5: Evolution of the Ediacaran Biota: Fig. 6: Distribution of Ediacaran Fossil Sites,@akrom the
http://rspb.royalsocietypublishing.org/content/28180/2014 lecture by Alex at
0038. https://www.youtube.com/watch?v=hhOOKAuphyM
Ga — Billion years (19 Ma — Million years (1€)

Dr Alex Liu is a palaeontologist who studies fassil the Ediacaran Period. He completed both hidengraduate
degree in Earth Sciences, and his doctorate, athhiwersity of Oxford. He then took up Researchdvethips at
the Universities of Cambridge and Bristol, and @swlLecturer in Palaeobiology at the University airibridge.

Additional comments by John Stanley, Member FGS

Acritarchs - in general, any small, non-acid soluble (i.en4earbonate, non-siliceous) organic structure that
cannot otherwise be accounted for is classifiedraacritarch. They include the remains of a wideeaof quite
different kinds of organisms - ranging from the egges of small metazoans to resting cysts of midfgyent kinds
of chlorophyta (green algae). It is likely that soatritarch species represent the resting stagsts)of algae that
were ancestral to the dinoflagellates. The nat@ithe organisms associated with older acritarchgeiserally not
well understood, though many are probably reladathicellular marine algae. In theory, when thddgjcal source
(taxon) of an acritarch does become known, thatqoder microfossil is removed from the acritare=l classified
with its proper group.
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While the classification of acritarchs into fornngea is entirely artificial, it is not without meras the form
taxa show traits similar to those of genuine taf@ e€xample an 'explosion' in the Cambrian andaggvextinction
at the end of the Permian.

Protist - Protists are the members of an informal groupinglieérse eukaryotic organisms that are not
animals, plants or fungi. They do not form a ndtgraup, or class, but are often grouped togethecdnvenience,
like algae or invertebrates. Besides their relftigimple levels of organization, protists do necassarily have
much in common. When used, the term ‘protistsow monsidered to mean similar-appearing but divphsga that
are not related through an exclusive common angemtd that have different life cycles, trophicdisy modes of
locomotion, and cellular structures. In the cldsatfon system of Lynn Margulis, the term protistréserved for
microscopic organisms, while the more inclusivent@rotoctista is applied to a biological kingdomiethincludes
certain large multicellular eukaryotes, such ap kedd algae and slime moulds. Other workers useetim protist
more broadly, to encompass both microbial eukasyat®ed macroscopic organisms that do not fit into dther
traditional kingdoms.

Reference: Lynn Margulishttp://evolution.berkeley.edu/evolibrary/articlestory 24),

What meteorites tell us about asteroids
Summary of October 2016 lecture given by Dr HilaryDownes, University College, London

Why should we study (or pay for scientists to sjumigteorites? Several reasons come to mind: firey;
are left-over material from the beginning of théa®&ystem, so they can tell us about how the Slatem formed,
including how small planetary bodies such as agtemsere formed. From this, we may learn more ahout larger
planets such as the Earth evolved. Another reastimat there are several hundred ‘Earth-crossisggraids, of
which one may impact onto the Earth in a mannedissimilar from the event at the Cretaceous-Trtiundary.
So it is important that we understand what theynaade of and how they behave.

How can we obtain pieces of an asteroid? The expemgy is to send a space probe to the surfage of
nearby asteroid and bring a piece back. The Jap&@mmce Agency JAXA have already done this witir dyatly-
named ‘Hayabusa’ (meaning ‘hawk’) probe which tadlilown on the surface of a small asteroid cal&i3
Itokawa and returned a few tiny fragments to Eartie mission was only partially successful but fricn& crumbs
which were collected we can easily recognise tiodalva is an asteroid identical in mineralogy aachpositions
to a variety of meteorites called LL chondritesFo{ more details about this mission go to
http://www.psrd.hawaii.edu/Augl1/Itokawaparticleml). Further missions are planned by JAXA (Hayabusan®)
NASA (OSIRIS-REXx) which hope to return samples frawariety of different asteroid types.

However, a much cheaper option is to collect agterthat have come to Earth! An excellent examgple i
given by asteroid 2008TC3 that was discovered aioligc &' 2008 by the Catalina Sky Survey whose job it is to
search the skies for dangerous asteroids. A dayitaéntered the Earth’s atmosphere and broke apspectacular
fireball over northern Sudan. Approximately 600 eagites were collected from the Sudanese deséreimonths
which followed by teams of US and Sudanese scisrésd numerous student volunteers). These midgavere
named (in time-honoured tradition) after the neagesgraphical point of interest, in this caseilavegy station, so
becoming known as Almahata Sitta (‘Railway Statidn Despite the costs of hiring buses and feediignteers,
this mission was a lot cheaper and (in terms ofuarhof freshly recovered asteroid material) morecsasful than
any sample return space mission will be for margry¢o come! See NASA'’s Near-Earth Object prograghsite
for further details of the tracking and entry o080 C3(http://neo.jpl.nasa.gov/news/2008tc3.html).

Three different types of meteorites are commonkcdbed in textbooks: stony meteorites, iron metesr
and stony-irons. However this is not a particuladeful classification, and nowadays we divide tlem two main
groups depending on their history: undifferentiatgtbny meteorites that show no sign of having ealor
differentiated inside an asteroid) and differemtibbnes (which include the irons, stony irons, owétes from Mars,
the Moon and asteroid 4Vesta, together with onedenod basalt or peridotite for which a parent amtehas not yet
been identified).

One particular type of differentiated meteorite basght my attention. They are ureilites, whichsanailar
in many ways to the mantle xenoliths which you paik up on Earth particularly in places like Laratarin the
Canary Islands. Ureilites are coarse-grained rockgposed largely of olivine and pyroxene, with soneor carbon
phases (graphite and diamond) and some metal dploidi phases. Unlike mantle xenoliths, their mateshow
evidence of having experienced shock and reduclibese meteorites are old (4563Ma, or 4.563Gd)epdive us
an idea of what went on in the early years of thaSSystem (which is thought to be 4567Ma, or 3(G& old).
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Fig. 1, views a-f: Back-Scattered Electron Imagesf@ Typical Brecciated Ureilite Meteorite from Antarctica - Sample
eet83309,51.

Fig. 1d: Olivine in R-

Chondrite Clast Fig. 1e: Clasts along bottom of Fig. 1a.

Several of the ureilites are breccias and probatdyderived from the surface regolith of the paesteroid
(Figure 1). They contain material which has beevorked from the entire asteroid, like a terresigsahdstone might
contain material from an entire sedimentary bagkrey also contain foreign fragments which are netlitic in
composition or mineralogy, implying that meteoritesn elsewhere in the Solar System have landeti®surface
of the parent asteroid of ureilites over geologtgak. The Almahata Sitta meteorite turned outdacbmposed of
similar ureilite clasts, together with a large n@mnbf foreign fragments.

Using an electron microprobe, | have investigatedts within several ureilite regolith breccia nugites
found in Antarctica and Australia. | have showrt tth@ clasts show an identical compositional disttibn to that
found in all known ureilite meteorites, so that knase samples from the whole parent body. | alstodisred exotic
fragments of other known meteorite types, including rare R-chondrites and E-chondritasthor’'s note: R-
chondrites or rumurutiites are highly oxidised nwetes and contain Fe-rich olivine and fewer chamds than
normal chondrite; E-chondrites are enstatite-chatedy, enstatite is an orthorhombic pyroxene minégSiQ)).
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| then used a more advanced piece of equipmergdcallSecondary lon Mass Spectrometer, which can
analyse all three isotopes of oxygen in a polishagkral, so that | could determine the fingerpaohbxygen isotopes
in each fragment, to confirm my earlier findingsoif this, it is clear that the asteroidal mantigresented by the
ureilite parent asteroid is very different from tthaf the Earth, in terms of having a wide rangenaheral
compositions and oxygen isotope ratios (whereahBanantle is very homogeneous in these charatites]. From
this | have deduced that the ureilite parent agtarever experienced a ‘magma ocean’ stage inei®ldpment.
Other planets and asteroids which have much mambeneous compositions probably became so hot soenet
in their history that their entire mantle was moltand able to mix effectively.

Finally, among the unusual clasts | have foungrailites, a piece of granite which has a compmsiinlike
that of any Earth granite has been found. We darotv where it has come from, but perhaps it isa fiagment of
a lost planet similar to Mars. We have also discedeopal, a hydrated silicate mineral which maytdiéng us
something about the movement of water around thlg ealar system. As usual, research leaves us mithe
questions than answers!

Fig. 2: Back-Scattered Electron Image of Foreigmghnents in Ureilite Breccias, Some of Which RepreSamples that
are Unknown in our Meteorite Collections.

Tunnelling & geology — Thames tideway tunnels and andon’s sewer system
Summary of January 2017 lecture given by John Greemood, Member of Farnham Geological Society

The Thames Tideway Tunnels project was the culm@nadf my career as a Civil Engineer. Leaving
Imperial College, | joined Thames Water and woriadeservoirs, treatment works, pumping statioipglimes and
tunnels for potable water and sewers. | startec#nly work to resolve the problem of the overfldischarges into
the Tidal Thames, which resulted in the ThameswWadeTunnels project. The Geology of the London Bagas
fundamental in the development of the concept desigl implementation of the project.

There are 57 Combined Sewer Overflows (CSOs) digagaround 39Mrhof sewage on an average year
into the Tidal Thames. These discharges occuraligtievery time it rains and are often fatal to atipi life and
potentially dangerous for river users. It is enmireental pollution on a large scale. In the earl§Q3 surface water
drained to the then tributaries of the Thames, winere open, tidal rivers and creeks - the Westimurybourne,
Kings Scholars Pond, Hole Bourne and Fleet (N efriter) and Effra and Earl (to S). To create nimriding land
they were diverted into brick culverts and backfill becoming the ‘Lost Rivers of London’ and byadstthe initial
main sewers for London.
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With continued development, more surface watemaige connected to the lost rivers. Foul sewage was
dealt with by cess pits but with densely packeddngs, increasing population and improved watepdy the
volume of foul sewage increased and overwhelme@5H0e000 cess pits. Contamination of the water leppras
inevitable as were the outbreaks of cholera aneratiater borne diseases.

G, IR v Old Rivers of London o 3 Main Sewers Vested
.: S e e in Metropolitan Board
- ; . of Works 1856

Fig. 1: Old Rivers of London. Fig. 2: Main sewensli856.

An expedient, though short-sighted, measure ofdihgcup the cess pits and connecting foul drainagke
existing surface water drainage system was implézdeduring the 1840s. London’s sewers became & full
combined sewer system discharging foul sewagetdivé¢be Thames via the main sewers (Lost Riverd)mllution
drifted back and forth with the tide (both domestind industrial waste: slaughter houses, tannensution
worsened culminating in the Great Stink of 18580lera was thought to be air born, spread by tim sti Miasma,
so Parliament, in fear of their lives, promptly ged the Bill giving authority to Bazalgette's irdeptor sewer
system, which had been delayed for several yeafisdyroyal Commissions.

Central London
Intercepting Sewers 1976

— Intercepors by MBW.
— Interceptors by LCC.

Fig. 3: Intercepting Sewers — Metropolitan Area .HigIntercepting Sewers - Central London

Bazalgette's system intercepted the daily foul flipam the surface water drainage system and tha mai
sewers and routed the flow to Beckton, N of themiand to Crossness, S of the river. There tive Was held in
huge reservoirs and released twice daily on thgoing tide. As London expanded, duplicate intercepewers
were constructed, treatment works were implemeat&#ckton and Crossness and storm relief sewdrpanping
stations were constructed to relieve flooding dyiteavy rainfall. Today London’s sewer system casesrthree
layers: the main sewers overlaying the interceptovers with the storm relief sewers at the loneatll However
when it rains the system still relies on dischaggimtreated sewage into the tidal Thames via tleeflows, main
sewers and storm relief sewers.

When complete the Thames Tideway Tunnels will o@pt, attenuate and transfer flow to Beckton Sewage
Treatment Works (STW) where it will be pumped aondtoolled to treatment. There are two parts:

1. The Lee Tunnel, already constructed and commisdida®.9km long, 7.2m diameter and runs between
Abbey Mills Pumping Station (near Stratford in EBehdon) and Beckton STW. It intercepts Abbey
Mills CSO, the single largest CSO. At Beckton itnsinates in the pumping station which transfers the
intercepted flows to the works.

2. The Thames Tunnel - 25km long, 7.2m diameter, ugCm deep - running from Acton in the W,
following the River Thames eastwards before it @mts to the Lee Tunnel at Abbey Mills. Along the
way it will intercept the remaining CSOs.
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Modern soft ground Tunnel Boring Machines (TBM)

The art and science of tunnelling has advancediderably in recent decades. Modern machines ase a f
cry from the early ‘heroic’ days of a pick, showld manpower. They meet modern health and safatylatds,
have greater certainty of success with tighter envos, tackling more difficult ground conditionshi$ requires
more detailed knowledge and understanding of thieipated ground conditions, i.e. the geology.

There are two main types of soft ground TBMs thateppropriate for the geology in the Thames Balin:
Earth Pressure Balance Machine (EPBM) and 2) M&aield (or Slurry) Machine (MSM). Each machine astss
of a cutting head at the front of the shield, a&lstylinder that holds the cut ground in place lutite lining is
constructed behind. The cutting head and shigldsted forward by powerful hydraulic rams. The Headrporates
cutting disks and sharp picks made from harderesl; st is mounted on a large bearing and is rdtatea powerful
motor to effect excavation of the ground. Whendbtting head has advanced enough for another fiogrerete
segments, it is stopped and the rams retractdtbte the individual segments to be lifted into paegith a hydraulic
arm. The ring is completed with a keystone and thencycle begins again. The main difference betvtbe two
types of machine is the principle of how stabibilythe excavated face is maintained. The EPBM ad@mtonite
slurry, injected at the face to lubricate and ctiadithe excavated material, which is ‘churnedoirg thick
toothpaste-like consistency and removed at a ciiedroate by a screw conveyor and transferred tiaia which
takes the material out of the tunnel.

For the MSM larger quantities of Bentonite slurrg aumped into the excavation chamber via a fepél. pi
The excavated material is mixed into the slurry tredslurry is removed via the return pipe andsfamed to the
slurry separation plant located at the surface.eXeavated material is settled out and the slueoadted off for re-
use.

EPBMs are particularly efficient in relatively cdstent geological strata (clays and sands). However
variations in ground conditions and water pressumake it difficult to maintain the pressure balaatdhe face.
When variable conditions are anticipated (e.g. Latimi&sroup or Chalk with flints), then a MSM is maf#ective.
The face pressure can be maintained or variedriara flexible manner using the slurry feed andrretior an even
more rapid response some machines incorporate presaed air feed. When excavating in Chalk MSMeriparate
a flint crusher in the slurry return. Here a laegeentrically rotating cone causes the flint noslitbegrind and knock
against each other thus breaking them down.

G.ka Beckton Sewage

Treatment Works

o
Abbey Mills
Pumping Station
(main shaft site)

Lee Tunnel
(under construction)

Legend

®  (50-Combined sewer
ove

Rotherhithe
Route (alternative

). .L / & CGreenwich Pumping Station
Borthwick Wharf Foreshore

Fig. 5: New intercepts planned Fig. 6: Overall eofdr tideway tunnel

Geology and its influence on the design and implemgation of the Thames Tideway Tunnels

The importance of the geological site investigatmdetermine the strata and soil parameters tegeiith
the interpretation by geological experts cannobwerstated. Hundreds of boreholes were excavatady mithin
the river, some in excess of 100m deep. All weggdal and a significant proportion retained as egfee samples.
Groundwater horizons were identified and many boleshretained as monitoring stations. A wide rasfgests and
inspections were carried out to establish the gaysstructural and chemical characteristics ofrtiuk types.

Some of the main factors that influenced the deseigthe Thames Tideway Tunnels project were overall
route and layout, sectioning of the works and seleof TBMs and Shaft construction.

Overall route and layout: In the initial route the Thames and Lee Tunnelsgdiat Beckton adjacent to the
proposed pumping station. The extent and influefitkee Greenwich Fault zone at the W end of the iganel was
an area of obvious concern; and during the gecdbgiwestigation an extensive graben feature wss @discovered
near the E end at Plaistow which would mean a fuiace of half Thanet Sand and half Chalk overicg&km. It
would have proved a challenge to keep the TBM levsluch conditions. Further investigation reveaeateeper but
shorter section of the graben over a distanceaifitad00m, so the Lee Tunnel was lowered at Abbdigdnd given
a shallower gradient as it passed through this etesgction of the graben avoiding the remaindeis &pproach
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minimised the tunnelling risk and made the pumitagion and overflow shafts at Beckton shallowethe Thames
Tunnel could physically join the Lee Tunnel at Aplills saving ca, 7km of main tunnel. A smalleadieter link
tunnel to the Greenwich Pumping Station CSO waslired together with significant reworking of thentel
operation to avoid having to intercept a ‘lone’ C&CGCharlton.

TIDEWAY LEE TUNNEL - GEOLOGICAL MODEL REV 7 - GENERAL GEOLOGY
(vertical exaggeration x 28.5)

Tideway Tunnel geological model
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Fig. 7: Tideway Lee Tunnel — General Geology

Figrideway Tunnel Geological Model

Geological Sections and shaft construction

The geological section through the proposed elenatf the Thames Tunnel (Figures 7 and 8) shoveslgle
that many different strata are encountered alanigiitgth. The tunnel is constructed with TBMs lahettfrom large
main shafts and collected at reception shaftseapther end. These construction shafts are usdigead intercepted
flow from the CSO into the tunnel or to facilitatennection of the smaller link tunnels. It is impide to swap
between TBMs whilst tunnelling, so the tunnel needse sectioned for appropriate TBMs.

Three main sections were developed: 1) in W: CartiwlRd to Acton (mainly London Clay so EPBM); 2)
in E: Chambers Wharf to Abbey Mills (all Chalk saSM); 3) Central Section of two tunnels: Kirtling Bt E
(Lambeth Group, Thanet Sands and Chalk, so MSM)¥uidive (Lambeth Group (ideally MSM) then Londolag
(ideally EPBM). What will the contractor finally digled.

The proximity of the Lee Tunnel to the Greenwichlfaystem requires shaft construction to be robhost
exclude groundwater ingress. There is direct hyl@raonnectivity with the Thames (and North Sedpafed by
the faults in the Chalk. The Diaphragm Wall teclueidpas been used to construct shafts at BecktoAlzimely Mills
where variable strata and water pressures occuwahihost likely to be used for most shafts. Otitye W shatfts,
through London Clay only, are likely to be consteatin the traditional ‘excavate and underpin’ noeth

Deep slots are excavated with a ‘Hydrofraise’ maehi

Diaphragm walls constructed in a ring

before dewatering and excavation

Water bearing
Terrace Gravels

Thanet Sands

Highly fractured Chalk

form “plug”

Deep “key” to reduce
Ingress of water

Made ground m\\\\\\

Grouting tubesto - = —

River Thames

Hydraulic connection
to River Thames

90m:deep !!!

Fig. 9: Ring of walls constructed before dewatedng

excavation

Conclusion

using bentonite slurry to support the ground ancetoove
the excavated material. When three adjacent siots been
excavated, steel reinforcement cages are loweretd an
concrete pumped in from the base, displacing tieyshnd
forming an in situ reinforced concrete panel, thagls are
constructed from the surface in a circle forming/énder.
Tubes are drilled to inject cement grout to sesdtinres and
prevent water ingress. The diaphragm walls extendrsl
meters below the base to form a cut off curtain predent
water ingress and groundwater flow during excawvatibis
virtually impossible to stop groundwater flow ifiecomes
significant. Pumping at ever increasing rates terofthe
only solution but runs the risk of ground erosianewen
catastrophic collapse.

It is clear that the geology of the London Basid hasignificant influence on the design and comsion of

the Thames Tideway Tunnels. But it also impactedtber aspects of the tunnelling:
» the surface/sub-surface deposits of clay and gatirever gravels meant that alternative methodsidace
water control (to reduce flows in the sewers and tine overflows) using separation and infiltratreould
not have been effective;
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* because of the general hydrogeology of the LondasirBand its importance as a water source, secpndar
lining of tunnels and shafts is an important featiorreduce pollution risk from the deep seweresyst

e as groundwater levels in the London Basin contiaue=cover, air that had been drawn into the graend
now being displaced and is sometimes trapped ungervious domed strata. These trapped, pressurised

‘balloons’ of gas are anoxic, the @aving been used up by oxidation processes. Qwecienpervious strata

are punctured, explosive anoxic gas is released.

The Importance of geological site investigationsnd be understated. Not only should this cover'stendard’

requirements of identifying the strata (what's thand what's in it?) and the soil parameters (@aysstructural and
chemical) but critically the interpretation betwedée boreholes so that the full spectrum of poaémisks can be
assessed and appropriate contingency plans dedel®pe mantra of ‘no surprises’ and always haviaa B (and

plan C) applies.

However in all this heady mix of wonderful geologngineering and hydraulics together with sewer
modelling, environmental assessment, archaeologitaly, conservation, planning, consultation, $teyuand
political measures, one must not forget the purpdsihe project - to prevent the discharge of sewimgo the
Thames.

Additional Comments by John Stanley, FGS Member

Bentonite is an industrial name of mined clays and also dnasare refined; two main classes of bentonite
exist: Na bentonites and Ca bentonite. Mined beta®montain mainly montmorillonite, one of the stite clays,
and a wide range of other minerals including qudgldspars, zeolites and carbonates. By refinihg,level of
montmorillonite can be raised from ~ 40% to >80%ontnorillonite is formed by the devitrification and
accompanying chemical alteration of a glassy igeenaterial, usually a tuff or volcanic ash.

When refined bentonite is dispersed in water, lgigtiable colloidal suspensions are formed with high
viscosity and thixotropy. At high enough conceritiag, these suspensions begin to take on the ¢hesdics of a
gel. Suspensions form when water molecules pepetlatelets and H bridge bonds form. The platdletsome
isolated from each other, while bonded throughrpusition water. When still, a mesh forms, incogiorg water,
and it jellifies. Conversely, under mechanicalssrehe bonds partially break and the plateletsywware more freely
and viscosity is lower than whilst at rest. Thisensible sol-gel-sol process is known as thixotrapyg these
properties, shown by bentonite aqueous suspensimnexploited in drilling slurries. Montmorilloeiis industrially
a very important clay mineral as it has a catiochexge capacity.
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Diagrams showing the sheet structure of the clayenail smectite, montmorillonite. Image from:
https://www.bodenkunde-projekte.hu-berlin.de/trgfpcbokul0.agrar.hu-berlin.de/cocoon/tropen/isonhom

The individual crystals of montmaorillonite clay awet tightly bound hence water can intervene, cauie
clay to swell. The water content of montmorillorigevariable and increases in volume when it alssasdter.

Chemically, it is hydrated Na, Ca, Al, Mg, silicatgdroxide (Na,Cak{Al,Mg)2(SizO10)(OH)z- nHO;

K, Fe, and other cations are common substitutekitenexact ratio of cations varies with source.

The different types of bentonite are each namest #ieir respective dominant element.
NB: Abbreviations above are hydrogen (H), potasdiin sodium (Na), calcium (Ca), iron (Fe), maguoesi(Mg),
silica (Si), oxygen (O) and aluminium (Al).

| Field Trips 2017 |

Mar 26: Albury Apl 30: Nymans Garden
May 21-28:  Mull & lona July 2: Kimmeridge’s new museum
Aug 11-13:  Suffolk crags Sept 17 Hengistbury & Hordle

Sep 30 — Oct 3:Isle of Wight
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