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| Remaining programme of lectures - 2008

Date Title Speaker
Oct 10th Geology of London Dianna Clements, Natural History Museum
Nov14th Diamonds through time Prof. Andrew Fleet, Natural History Museum
Dec 12th Charles Darwin — a glacial geologist Peter Worsely

| Remaining field excursions 2008

Date Field trip Leker

Oct 3rd — 12th | Brittany and East Normandy Drs Denis Bates and Graham Williams

Managing our wastes — a geological perspective.
Summary of June 2008 lecture given by Brian Marker

Ithough big advances are being made in waste nsatmin, recycling and alternative means of treatiagte,
landfill is, and will remain, a major element in st& management for some time to come, and willicoatto
be necessary for some types of wastes. | will descr
Brian Marker described the types of waste; the wayshich these decompose; the environmental issues
surrounding the products of decomposition; the @gioll factors that influence their distributiomdathe steps
taken to reduce risks. He also reviewed the alteewfor landfill and implications for the future.
Brian Marker

Terranes
First published in the Society’swWinter Newsletter of 1997

n science a new word is often needed for a neweginteading to confusion if a word in common usgiven a
different scientific meaning to that available retdictionary, as is unfortunately often done. Sheation can
become even worse in translation to a differenjulmge.

The word 'terrane’ is therefore a deliberate caiwapof the common word ‘terrain’, which refersyotd a
land surface. Its scientific meaning refers to @chklof continental material from its surface riglown to its base
just above the mantle. An 'exotic terrane extehdsconcept to a block of material that has brokeayafrom a
continent, and moved until it collides and fusemewhere else, a process sometimes referred tooekind’,
where its presence can give rise to an appareotifused geology over a fairly small area.

Not all terranes are small, of course. India iargé example, and whilst on passage from Gondwadala
near the South Pole to its present location docdketb southern Asia, it must have been isolatesl filesent day
Australia, which is probably an undocked terranstided to join on to another continent in the festaht future.
Greenland and Cyprus may also be examples, withSthehelles as further candidates as they are mfade
continental materials, although they raise spguiablems due to their present location

The idea of terranes was first developed in theddinbtates, where the concept made an immediagctmp
on the understanding of the geology of westerntabasgions. Indeed even the inexplicable geoldgélaska has
lately succumbed to investigation. Alaska has bémmd to be "a collage of terranes dismembered and
repositioned over the past 160 million years bywaaderings and collisions of crustal plates, thesam of the
ancient, vanished ocean that preceded the Padifibfs is a direct quotation from the paper aledi"Terranes"
by David G Howell)

Locally, too, the idea seems to be fruitful. Thare several areas of this country where geologgaspto
change too suddenly for ordinary explanations, loen& other anomalies exist such as traces of vialcaok with
no apparent volcanoes, or ophiolites where rocksfamoaway show any signs of abnormality. Suspisiamne
arising that this country, in common with other awdringing the continental basement, contain mexagtic
terranes, some of which docked a long time ago thatefore share much of their geological historyhvthe
region on which they docked, but some more recesdlythat they share at most only a thin veneerocdll
sediments. Members of the Society may well have s@el puzzled over such features in Scotland, Nidles,
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Anglesey, and Cornwall, during field trips; the dight may now be entertained that adjacent areaspwossibly
have had a different geological history as pad different territory or even a different continent

Elegant, simple ideas like this deserve to be toué there is still work to be done to explain hexotic
terranes can cross oceans, if oceans always gmw ririd-ocean ridges towards the continents undéchwimey
are subducted. Suggestions are being made thapgsethey move only along the edges of continentdhd way
that, for example, Baja California is moving be@a$ the San Andreas Fault, but this certainly duatsfit for
India, Australia, or Alaska.

It occurs to me, also, that there is still roomdionateur speculation in such recent ideas. For pbearthe
stability of small pieces of continent once theydaeveloped an independent existence does not webave
been investigated. Pieces of continent floatinghenmantle will not be exempt from the general sueverning
flotation and stability, of which some insight che gained by floating odd- shaped pieces of woodvater. A
thin flat slab will not float with its surface vézal, but will rollover until the surface is parllwith the water. A
squarish block is unlikely to have any surface pelréo the water when it becomes stable, and maylen finish
with its diagonal vertical. Thus, a wide slab bnokeom a continent will obviously remain level adloats on the
mantle below, but a piece narrower than the conti thick, typically about 35 kms, would be exigetto
rollover on to its side, no doubt revealing somey\weteresting rocks in the process, although tialske example
can be found. An intermediate slab up to perhajpsetas wide as it is thick would not remain levelsing one
edge and lowering the other, causing a regionaltaigtratified rocks that would probably be presenafter
docking. The high side might also raise fragmefitscean floor -this would be the place to look émhiolites, the
presence of which would also suggest that neighibggranites may well have been uplifted rathentimruded.

No doubt time will resolve these problems. Newlknike this shows once again that Geology is ndtya
static subject, as many suppose, but is dynamieatettaining. Membership of a Society such as oansbe very
rewarding, to keep us up to date with new develapime

A.T.F.Corner

| Recruit to survive

I n order to survive, any local Society needs a staatux of new members, and FGS is no excepti@ler the
past two years, membership has fallen from 13@gbgver 100. In order to try to attract new merslie the
Society, your Committee has been very active oeeemt months advertising the Society’s preseneenamber of
ways, both locally and nationally.

Janet Philips and Shirley Stephens have been pemnin organising displays describing the actgitof
the Society that have been held in a number of ldwaries; to date these include the libraries~arnham, Fleet
and Odiham, and more venues are planned. JaalBbifieavily involved in putting together the Socedisplay
stand for the GA annual reunion (this year givemn title A festival of geologywhich is to be held at University
College, London, on Saturday' November. In June of this year, tharnham Heraldpublished Peter Cotton’s
article on the Society, and Peter, with the helpetfer Luckham, also promoted the Society by manaidisplay
stand at the village fete in Churt.

The Society’s website_(www.farnhamgeosoc.orp.ik also very useful in advertising the Society’s
existence. For example, the Society is listed owthb the Farnham Community website
(www.farnhamcommunity.org.Qkand the Fleet Community website (www.fleetcomntyinirg.ul under the
heading Sports & Clubs/Special Interest Also, both the Surrey Libraries Community wedsit
(www.surreycommunity.info/directory/?lett¥Fand Hampshire County Council’s interactive websior the
Community and Voluntary sectore.VOLve, (www.e.volve.org.uk/directoryitem.aspx?dataitem21 give
details of the Society’s website. Direct accessht Society’s website can also be gained fromGkelogical
Association’s website under itd. dcal Groups” heading (www.geologists.org.uk/localgrouplist.ntmlin return
for listing the Northern Geological Supplies webgin our website, it posts a link to the FGS oroits website
(www.norgeo.co.uk/acatalog/Links.html

In addition, the major Search Engines place th@eBpat the top of their listings if the wordsdifhham +
geology are searched. These includ&oogle (www.google.co.uR/ Ask (www.ask.comy, Lycos
(www.lycos.co.uk), andYahoo!(http://uk.yahoo.con/

Finally, the best advert for the Society comesnfri's own members. Therefore, never pass over an
opportunity to bring to your friends, colleagues] aarcquaintances attentions the fact that thereviena active
geological society in Farnham, and that new memideesalways very welcome. Also, if you can help in
promoting the Society, or have other ideas as to tids can be done, then please make your viewsvkrio a
member of the Committee.

Michael Weaver, Membership Secretary, FGS

Page 3 FGS Newsletter, October 2008



| Sand and gravel

What are they composed of?

SAND is a loose, unconsolidated sedimentary material composed of 1/16-2 mm sized
grains of predominantly quartz. GRAVEL is similarly unconsolidated, and composed of
pebbles of varying size, shape and composition, but commonly quartzite and other hard
siliceous materials. On lithification sands and gravels form the common sedimentary rocks
sandstone and conglomerate respectively. if the pebbles in a lithified gravel are mainly
Angula,r rather than rounded, then it is termed a breccia.

How and where were they formed?
Many superficial sand- and gravel-bearing deposits in the British Isles (commonly termed “drift”)
were produced when glaciers meilted or deposited by rivers. They take different forms,
such as till (glacial boulder clay) which may be sometimes moulded into a hummocky terrain,
form elongate boulder-rich moraines or extensive terraces flanking river courses.

Geological occurrence
Gilacial-related deposits were formed during the Ice Ages of the Quaternary period
(less than 1.8 Ma ago).

Although most materials were deposited on land by fluviatile, glacial and wind action,
some have been reworked later by changing sea-levels to form modermn beach deposits.
In the Staffordshire area, extensive fluvioglacial
gravels are found around Congleton and moraines
west of Madeley.

The Triassic Sherwood Sandstone Group
conglomerates have also been quarried for gravel
extraction.

Industrial usage
Sand Is extracted for construction, foundry moulds and,
if relatively pure, for glass making.

Sand and gravel are primarily used as aggregate In
building (concrete) and road construction.

Sieving the deposit prior to use allows the variable
grain sizes encountered to be graded and sorted

for different purposes.

<3

1z Britain before Man, 1978 Geological Museum (p.31); HMSO
2: Geology of Iceland, 1994 by Einarsson (p.156), Mal og menning, Reykjavik
; 3: P.A. Floyd photographs

[Channel ice €OV
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A journey to Mupe Bay, Dorset
FGS field trip, 3 August 2008

visit to Mupe Bay, Dorset, provides evidence fog bpening of the mid-Atlantic, global sea-levekeriand
Africa’s collision with Europe.

Structural setting

The opening of the mid Atlantic in the Mesozoic sedl crustal extension and thinning; huge areas
subsided along a series of great listric (curvedt§ to form basins such as the Weald and thdaRdriVight.
Our journey around the back of Lulworth Cove, othte lower slopes of Bindon Hill, and east to Battnie and
Mupe Bay, takes us along the major fault systemciwtiormed the north margin of the Portland-WightsiBa
Mesozoic sedimentary formations in the Portland{Wigasin are 21/2 times thicker than their equivial®n the
platform to the north.

Mid Palaeocene (~61ma) collision of Africa with Bpe began a long phase of crustal compression. In
the mid Palaeocene there was regional uplift of E\vope. In the Miocene a period of more intermapression
caused "Basin Inversion"; the listric faults wéngended" and this led to elevation of the excesesnfrared with
the platform sequence to the north) sediment inbtens into large asymmetrical anticlines withept@orthern
limbs - as in Lulworth Cove and the Isle of WighThese steep, sometimes vertical, limbs abovédka forming
faults are intensely deformed and fractured, cjedidstrated in the Chalk on the north side of wafth Cove.
The southern limbs dip at a low angle and are coatpaly undisturbed, for example, the Wealden befls
Worbarrow Bay.

Stratigraphy

The sequence consists of Cretaceous rocks, frorPuhigeck beds to the Upper Chalk. There are two
significant unconformities; regional uplift andtitig in the Aptian (Kimmerian) led to erosion ofower
Greensand and uppermost Wealden sediments; camgq@ault Clay rests unconformably upon Wealden
sediments. Mid Palaeocene (~61 ma) uplift leddme 5my of erosion which removed early TertianniBa
Chalk, and Maastrichtian and late Campanian ChatBonsequently, late Palaeocene or early Eocerimeets
(Reading Beds) rest directly upon eroded Campadieaik.
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The Purbeck formation of Lulworth consists of
Platform sediments (cf the Basin sequence at
Durlston). There is a mixture of shallow marine,
coastal, lagoonal and terrestrial sediments, which
include limestone and evaporite beds (gypsum and
anhydrite), and Dirt Beds. The Dirt Beds are
fossil soils, and some of them have tree trunks and
roots similar to those of modern Cypress or
Juniper trees. The overall trend of sedimentation
is a transition from the marine sediments of the
underlying Portland Limestone up into terrestrial
(fluvial and lacustrine) Wealden Beds. There are
some remarkable deposits within the Purbeck,
including:-

the Cinder Bed - a shelly limestone packed with
Praeexogyra oysters; this is a widely correlagabl
bed, once used by British stratigraphers to indicat
the Jurassic-Cretaceous boundary;

the Great Dirt Bed - a fossil soil with tree trunks
and roots; the trees that grew in this thin Remalzi
(carbonate-rich) soil were inundated by the sea
which  formed a very shallow lagoon;
stromatolites grew on the dead trees thus
preserving their form and shape before the wood
rotted away; the Broken Beds - a sequence of thiastone, gypsum and anhydrite beds depositedshmabow
lagoon subjected to a high level of evaporationjcimof the gypsum and anhydrite was subsequergsoblied,
and the remaining limestone beds collapsed intblegkithe "Purbeck Marble" - a limestone depositedrésh
water and packed with Viviparus snails; it hasrbesed as a decorative stone in local churches.

The Wealden Group of terrestrial mottled red, paignhd brown clay and sand beds often contain égnit
Although the basin continued to subside, sedimematept rate with subsidence, and the sea waslemalflood
the basin; consequently, terrestrial sedimente weposited both on the Platform and in the Badihe Lulworth
"Platform" sequence is ~150m thick, whilst the Wasrbw Bay "Basin” sequence is over 400m. Theedflavial
sandstone beds, some of which are remarkably cgeaigeed and contain tree logs eg the Coarse QGait.z

There is an active oil seep near the slipway imlouth Cove. A conglomeritic oil sand at the fabthe
steps leading down to Mupe Bay is believed to higea into which oil seeped during the early Cretaugs.

The Lower Greensand may be represented by a fewfémpersistant ironstone which contains shallow
marine molluscs - eg Preaeexogyra. There is @onfarmity at the base of the overlying Gault ClayThe
ironstone may be a remanie deposit formed duringi@n of Lower Greensand and uppermost Wealdem fmio
Gault deposition.

Global sea level rise resulted in inundation, aedagition of marine blue-grey Gault Clay with melts
and ammonites. There is a basal pebble bed, cseddargely of lydite and vein quartz, which reprds a beach
at the start of the marine transgression.  Abmvehe upper Greensand, a sometimes muddy, biotarbat
glauconitic sand; there were abundant molluscsthmiporous nature of the sand has allowed passafjeids
which dissolved the aragonitic shells to leave onbulds and casts. There are some Exogyra oysiesse were
preserved because they have more resistant csihetis.

As the sea rose and spread there was less andaledsto weather, erode, and provide sediment;
consequently, clastic material becomes finer grhaned decreases up the sequence. The Lower Cbragksts of
cyclical limestone and muddy limestone beds, bhmted, with molluscs, ammonites and echinoids. e Th
overlying Plenus Marl is a thin condensed muddyeBtone unit with numerous disconformities.  Abotne
Middle Chalk is a clean nodular limestone, overlaynclean Upper Chalk limestone with flint layerd.he Chalk
is very hard, brittle and splintery, with numerdaslts and fractures; this is a consequence ehsg compression
and deformation at the basin boundary fault dutiregMiocene.

Locations — Lulworth Cove
On the far side of the Cove, Purbeck Beds, to itji#,rpass up into reddish Wealden, grey Gault dnd
Greensand, and pale grey Chalk.

FGS Newsletter, October 2008 Page 6



The whole Cretaceous sequence can be seen withémyashort distance, because the beds are nearly
vertical. Upper Chalk is exposed high in thefdif the back of Lulworth Cove; at the foot of ttidf is Middle
Chalk; east and west of this point are Plenus Mavker. Chalk, Upper Greensand, Gault, Wealdenhédkr and
eventually Jurassic Portland Limestone beds. ifitemse faulting cuts out parts of the sequencethé east the
Upper Greensand is in faulted contact with the Lo@iealk and there is a distinctive fault brecciat the back of
the Cove is a Pleistocene raised beach, with sahbl@s derived from the Budleigh Salterton Pebldd Btheir
transport to this location is something of a comund

The fossil forest

There is a ledge and fossil cliff high in the diffouth of Bindon Hill, cut during an Ice Age irglacial
when the sea was higher than to-day. Along #dge there is an outcrop of Lower Purbeck Beds winicludes
the Great Dirt Bed with the Fossil Forest of Junigned Cypress like trees, and the overlying BraBeds.

Two tree boles, and a fallen tree trunk The BroReds; Jack is sniffing the Great Dirt Bed !

Looking East, with the Chalk cliffs of Arish Mel end Looking West, Portland Limestone at cliff base
Wealden top right
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Mupe Bay: the great Chalk Cliffs of Cockpit Heddft the low cliffs of Wealden

East of the fossil forest, Bacon Hole is a deepeanyt into the cliff line to expose a complete sagque of Purbeck
Beds, overlain by Wealden Beds. The Cinder Bexjwsed towards the bottom of the cliff.

Mupe Bay and Worbarrow Bay

Beyond Bacon Hole there is a great bay cut thrabghline of Portland Limestone Cliffs. The easter
side is Worbarrow Bay, which exposes a large (tz% thickness of Wealden. On the western sddupe Bay
which exposes a much thinner ("Platform") Wealdeguence. At the back of the bay on either sidarish
Mel, is a sequence of Gault, Upper Greensand aewl tthe Chalk which is exposed in the great cliff€ackpit
Head. The structural attitude of the sequencanmlar to that of Lulworth, an antiform with stdemipping
intensely faulted and fractured beds dipping ste&pthe north, passing southwards into gently idigfpeds with
minor parasitic folds.

Graham Williams (Figs 1-4 by lan West)

| Kilauea — perhaps the world’s most active volcano |

I he Island of Hawai is built from five separate shield volcanoes tbatpted somewhat sequentially, one
overlapping the other. These are (from oldest ungest): Kohala (extinct), Mauna Kea (dormant)aHai
(dormant), Mauna Loa (active) andi&uea (very active)

Kilauea is the youngest and south-eastern most@amolon the Big Island of Hawai'i. Topographically
Kilauea appears as only a bulge on the south-eafitark of Mauna Loa, and so for many years Kilawees
thought to be a mere satellite of its giant neighboot a separate volcano. However, research theepast few
decades shows clearly that Kilauea has its own raggombing system, extending to the surface fromentlban
60 km deep in the earth.
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In fact, the summit of Kilauea lies on a curvingdiof volcanoes that includes Mauna Kea and Kodata
excludes Mauna Loa. In other words, Kilauea is tuukh Kea as Lo'ihi is to Mauna Loa. Hawaiians ukedvord
Kilauea only for the summit caldera, but earth isitg¢s and, over time, popular usage have extetiftedame to
include the entire volcano. Kuea is a very low, flat shield volcano — vastiffedent in profile from the high,
sharply sloping peaks of stratovolcanoes like Mii,iMount Hood, and Mount St. Helens.

K lauea is considered to be the present home of Beeyolcano goddess of ancient Haveai legend.
Several special lava formations are named afteriheluding Pele's Tears (small droplets of lavat ool in the
air and retain their teardrop shapes) and Pelets(tHin, brittle strands of volcanic glass thateof form during the
explosions that accompany a lava flow as it eritexcean).

Eruptions at Klauea occur primarily either from the summit caéder along either of the lengthy East and
Southwest rift zones that extend from the caldechran approximately parallel to the coastlinetdoent decades,
eruptions have been continuous, with many of tha fows reaching to the Pacific Ocean shore. A% of
the surface of Hauea is lava flows less than 1,100 years old; 80%e surface is younger than 600 years.

There were 45 eruptions of lduea in the twentieth century. The Mauna Ulu eampof K lauea began on
May 24, 1969 and ended on July 22, 1974. The 1898 flow was notable for its destruction of properiThe
current Klauea eruption began on January 3, 1983.. Thistieruppas covered over 117 km? of land on the
southern flank of Kauea and has built out into the sea 2 km? (23@ahes) of new land. Since 1983 more than 2.7
km3 of lava has been erupted, making the 19834#sant eruption the largest historically known folalfea. 189
structures have been destroyed. In the early talmid980s Klauea was known as "The Drive-By Volcano"
because anyone could ride by and see the lavadiosnt— some as much as 1,000 feet (300 m) in the-drom
their car.

Lava from Klauea destroyed three abandoned houses in theok&ekbruary 25, 2008 in a nearly deserted
neighborhooé‘?] On the night of March 5, 2008, lava from the floagain reached the ocean off the Puna coast,
creating a spectacular show of light and color. Bia®@ounty Civil Defense officials have set up awing center

nearby for the public to observe the phenomenaonthé early morning hours of March 19, 2008, Halemeau
experienced its first explosive event since 1924 the first eruption in the kKauea caldera since September 1982.
A steam vent that had recently opened near thdamkearea exploded, generating a magnitude 3. higaake, and
scattering rocks over a 75 acre area.

Peter Cotton, with the help of the USGS websitg:/fhvo.wr.usgs.gov/kilauea/

| How old is the Earth? |

owadays, it is generally accepted by most peogettie age of the Earth is around 4600 million y€4600
Ma). But this has not always been the acceptet] fac only ~360 years ago, the age of the Eartls wa
decreed to be around 5650 years old, almost oriemtil of today’s accepted value.

In fact it was James Ussher, Archbishop of Armaghéland, who in 1650, stated that, by addinghgo t
ages of all the important people in the Bible sidgam, he had calculated that the Earth had beestexnt in
4004BC. Hereafter, this date was printed in theldBas a note in Genesis, whereupon it becamdytatetepted
as an indisputable fact. Indeed, my wife’s old ifgrBible, printed around the year 1850, clearlykes reference
to the year 4004BC at the top of each of the 2 maohki of notes appended to Chapter 1 of Genesis — see
accompanying photographs.
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This date of 4004BC remained largely unchallengetil the late 18 century, by which time a number of
eminent scientists were making significant inroade understanding the fundamentals of geologicat@sses.
Even before this though, in 1715, Edmund Halleteravhom the famous comet is named, proposedlibade of
the Earth could be calculated from the amount tifisathe oceans, assuming zero salt when the sceame
formed and hereafter a steady influx of salt; sdmdycould not produce an actual age as he hadliableefigure
for the rate at which salt was being added to teans.

In 1785, James Hutton, frequently called thather of modern geolofyargued that as the land of today
had been fashioned by the seas and rivers of gasteand that in his view there had been at ldasetmajor
cycles of land formation in Earth’s history (Hutt®minconformities), geological time was just toagdor humans
to imagine. At around the same time, Charles Byfem eminent French naturalist, suggested thatght have
taken the Earth some 75,000 years to cool from #emdall of rock to its present temperature, bgdims
calculations on experiments he undertook usinghiadis of iron. Also at this time, Georges CuviarFrench
scientist mainly interested in evolution, proposhdt complete major groups of plants and animads, just
individual species, had been repeatedly swept filoenface of the Earth in great catastrophes, aat riany
thousands of years must have been needed fordpagpdlation and repopulation to occur.

In the 1790s, William Smith, a surveyor working louilding canals, recognised that there was a asgul
and systematic order within rocks of Southern EmgjlaHe observed that not only were the rocks edidout also
the fossils contained within the rocks always sadeel one another in the same order; thus emergedrticial
understanding that fossils allowed rocks to be mdi@ne above the other in a chronological sequehtd 830,
Charles Lyell, whose interest in geology was fuklenly after attending lectures given by William d&land
whilst studying law at Oxford University, publishéae first volume of his great workPtinciples of Geology
Interestingly, he had already come to the concluticough his studies of lava flows on Mount Etnat the age of
the Earth must be immense!

All these emerging ideas that the actual age ofBeh must be way in excess of the ~5800 years put
forward in the Bible continued to be dismissed afuhand by the Christian Church, who for examptguad that
the occurrence of fossils on the tops of mountegssited from a redistribution of landscapes ardcapes during
the time of Noah'’s flood!

In his first edition of On the origin of speciésCharles Darwin estimated the minimum age of Eaeth
by attempting to calculate the time it had takererade the dome of the Weald. Using rather skeficiuyes for
both the amount of rock originally present, andsitbsequent removal rate, he came up with a figtijest over
300Ma; the inference from this was that the agdefEarth must be greatly in excess of this figusadly, after a
great deal of criticism from both fellow scientistisd the Church, the calculation disappeared cdsipléom the
third edition of his book onwards.

In 1862 Lord Kelvin (formerly William Thomson), thBrofessor of Natural Philosophy at Glasgow
University and the world's expert on thermodynamitesi a blistering attack on geologists for ovekiog
thermodynamic principles in attempting to calculdite age of the Earth. Using best available dateata on the
melting points of rock and heat flow properties, ¢te calculated that the age of the Earth mushligne range
20Ma to 400Ma. Geologists at the time were vepyplyawith the figure of 400Ma, but were much lespiiassed
when a few years later, after acquiring what heugind were more reliable rock property data, revibésl
calculation down to a more definite 100Ma. Finallp, 1893, following publication of some experiments
undertaken in America, Lord Kelvin was able tomefhis calculations even further, concluding thatage of the
Earth lay between 20Ma and 40Ma. Lord Kelvin waglof the physicists at the time, and his immestdentific
stature made it very difficult indeed for geologisb put their case that the Earth’s age had toebkoned in
hundreds of millions, not just tens of millions y&ga

At the very end of the T9Century, two final attempts were made to estinthteage of the Earth by
observational methods. In 1897, John Joly, ProfessGeology at Trinity College, Dublin, picked op the idea
of Halley some 150 years earlier, that the Earéige could be calculated from the salinity of theaots, or in
Joly’s case, the amount of sodium in the oceans.aidved at a figure of 89Ma, which happened teeagjuite
nicely with Lord Kelvin's latest prediction. A fewears earlier, Samuel Houghton, an Irish geolpgistimated
the total thickness of the rocks on the Earth’sasdr, and after ascribing a rate of denudatiomusif pver one foot
per thousand years, came up with an age withimghge 200 to 2000Ma; in fact, such a method coubdiyce
almost any age one desired, depending on the pgrameters selected.

So it was that at the very end of thé"XBentury, Lord Kelvin and his followers estimatée tage of the
Earth as being in the region of 20Ma to 40Ma, whsrtne geologists and naturalists like Darwin dastd that
the Earth required hundreds if not thousands diang of years for it to have achieved it preseéates The dates
from both sides of the argument were all estimditased on assumptions backed up by little or noahctu
indisputable scientific measurement. Luckily faiesice, the key to solving this conundrum was @gmeerging
from physics laboratories around Europe with tlseavery and understanding of radioactivity.
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In 1896, a year after the German physicist Willi&déntgen had discovered X-rays, Henri, a French
physicist, discovered that Uranium not only glowedhe dark after being exposed to sunlight bub @ave out
mysterious rays capable of fogging a photograplatepwrapped in black paper. Soon afterwards Maree
discovered that other elements, for example: thorjolonium and radium, gave out rays similar msthemitted
by uranium, although she could not give a raticeéntific explanation of what she had discovered.

Fortunately at around this time, a series of sifierfindings began to unravel the mystery. Fithese
was J.J.Thompson’s discovery of the electron, thedispelling the previously held view that an ateras a
fundamental particle that could not be subdividgukn, in 1903, Ernest Rutherford and Frederick $pdarking
at McGill University in Montreal, Canada, discoverthat in the process of emitting radiation, orerednt would
change into another; they also noticed that helgas was often found to be present in radioactieks,0and
suggested that its presence might be associatédradioactive decay. It was soon postulated thatirzstable
atom of uranium radioactively decayed to givelmightef atom of radium together with some helium; this
unstable radium then decayed to iBatighter atom radon, again with the liberation of someiumal this process
continued until after many stages of decay, onentexadly finished up with a stableDaughtet atom and the
liberated helium. Therefore, it was realised thkagwing the rate of decay of uranium, measurirggamounts of
both “Daughtet and residual parent elements present in a rockagaing uranium would provide a means of
determining the precise age of the rock being stljdand as older and older rocks were discovenedage of the
Earth itself. Rutherford was the first to attertiptdate a rock by this method, arriving at a ddtéG®Ma after
measuring the amounts of radium and helium in &.roc

There followed a surge of interest by scientisksaadund the world at determining the age of rdeksed
on radioactivity and a quantitative measurementhefir “Daughtet products. Professor Robert Strutt, Cambridge
University, pointed out that there was a major flawRutherford’s technigque, namely that helium waagas and
would be escaping into the atmosphere during tleenadal analysis procedure, and that the stateccagiel only
be the minimum age of the rock, not the actual agemore accurate dating method that did not inedile
measurement of residual helium gas was therefongres.

In 1907 Bertram Boltwood, an American chemist, cedi that along with helium, unusually large amounts
of lead were present in radioactive rocks, andyatsd that lead was in fact the stable end prouiutite decay
chain starting with uranium. Picking up on thisding, Arthur Holmes (author ofThe age of the Earthand
“Principles of physical geology”)working under Strutt at Cambridge, began a painstpgeries of experiments
aimed at doing just this, and after many setbduhally arrived at a result in 1911. His majording was that the
age of his Norwegian sample of Devonian rock wasadt 370Ma. In addition to his own age detertioma he
also revised, in line with more recent procedusesje age data published by Boltwood, and assigmedlagical
period to these data, something Boltwood had faiedb.

Unfortunately, the lead ratio method (like the tielione before it) for dating rocks had a major draek
— what if there was some lead present when théumastarted to decay? If this was the case, tiges avould be
over estimated. Other problems also began toirfés the structure of the atom began to be efiead; it was
recognised that the nucleus of an atom was mad# tyo types of particle, protons and neutrons;ribenber of
protons (atomic number) dictated the chemical pitogeeof an element, whereas the combined totptations and
neutrons dictated its atomic weight. Henceebementcould have a range of atomic weights dependinghen
number of neutrons associated with the set numberatons. For example, an atom of lead derivednfthe
nuclear decay of uraniufi is called leat?® because it contains 82 protons and 124 neutromstady, lead
derived from the decay of thoridfi has 82 protons and 126 neutrons, hence is knovwead$’® The various
forms of the same element are knowrisatopes

Hence, lead in a rock could arise from the decagadfonly any uranium originally present but alsy a
thorium present, these new quantities of lead adtirany lead present at the start of the decapgheVith this
in mind, in 1914, Holmes, in conjunction with Lawsand workers at the Vienna Radium Institute wha giined
world expertise in atomic weight determination,ssssed earlier lead based calculations and camétlua
figure for the age of the Earth as >1600M8adly, unknown to these workers at the time wastaral uranium
itself consisted of more than one isotope; altho88% of natural uranium is made up of the isotopaniunt®®
the small amount of uraniui present is very significant as it decays to anogtable lead isotope but at a much
faster rate. Holmes’ corrected dates were theregiikkinaccurate as he was overestimating whathaught was
“original” lead, as Holmes’ “original” lead consiséd of any “original” lead plus the lead derived frothe decay
of uraniun®>]

For many years to come eminent scientists continoetebate, sometimes somewhat heatedly, the age of
the Earth, many pointing out likely inaccuracieshe uranium/lead methods and hence doubting Holreesed
age of 1600Ma. It was not until 1929 that Astanconjunction with Rutherford, using a mass spectter for
isotope analyses, finally identified the Uranfimisotope. Rutherford then, by making the assumptluat
originally there were equal amounts of both uranisatopes present in a rock, came up with a revéggdof the
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Earth as being ~3400Ma. As one can imagine, bgamimind all the previous controversies, mostrstss at the
time were reluctant to accept that the Earth cpoksibly be as old as this!

Lead in a rock sample could be made up therefoteanf derived from &, lead derived from &°, lead
derived from thorium together with any “originaledd. In 1936 Alfred Nier, a young physicist at vad
University who had access to the very latest inssgectrometers, identified the “original” leadtige as leaid*
He and others then realised that a more accurateofvdetermining the age of a rock would be to daire the
ratio of lead derived from ¥ to that derived from &° and by 1940 Nier’s oldest determined age for & was
2400Mal. This lead-lead method as it was callemk @& major step forward and is still one of thedamental age
dating techniques used in modern geochronology.

But, and again there is always a but, what if “madj’ lead, that is, the lead present when thetEasds
formed, contained not just I€ddbut all 3 isotopes of the element as this wouldimgive erroneous results. It
was eventually argued by a number of scientiststtiebest approximation to the lead isotope rgpi@sent in
“original” lead would be given by those presentriaterial present at the time the Earth evolved,ithaneteorites.
Although there is only a very minute amount of lga@sent in meteorites, advances in analyticalniectes
eventually made these difficult determinations fides and by 1953, Claire Patterson and Harrisoowsr,
working at California Institute of Technology, attte German Fritz Houtermans, independently camwitlp a
revised figure for the age of the Earth of ~4560Ma.

This is of course still only the latest estimateaifong line of attempts to determine the age efEharth,
and over the centuries scientists and others haaduglly arrived at older and older values as ggodd, chemical
and physical understanding of all the phenomenalwed have been advanced. Is 4560Ma the finahitie®
answer for the age of the Earth? or are there emtfic discoveries and ideas lurking around ¢bener that will
again lead to either an upward or downward revisiaiis figure? Only time will tell!

Table 1: Chronological listing of age of Earth degdrminations

Date By whom Estimated Methodology
Age of Earth
1650 | Archbishop Ussher 6012 years  Back calculdtmm the Bible
1778 | Georges Buffon 75000 years  Rate of coolingasth since in molten state
1785 | James Hutton Many | Realisation of time required for continuing geotwi
thousands | processes to “build” the Earth (Uniformitarianism)
~1800| Georges Cuvier >100000 | Deduction to go alongside his acceptance of
years “Catastrophism”
~1829| Charles Lyell Immense! Study of Mount Etna
1859 | Charles Darwin >>300Ma Rate of erosion ofvresald dome
~1862| Lord Kelvin 100Ma Rate of cooling of Earth sincenmolten state
~1890| Samuel Houghton 200 to 2000 Rate of deposition of sediments on ocean floor
Ma
1893 | Lord Kelvin 20to 40 Ma| Cooling of the Earthrh molten state — revised estimate
1897 | Prof. John Joly 89Ma Ocean salinity
1903 | Pierre Curie Radioactive decay produces heat
~1905| Prof. Ernest Rutherhood >500Ma Radioactive decaqdifim
1911 | Arthur Holmes 370Ma Date of a Devonian rodkg&Jranium/Lead method
1914 | Arthur Holmes et al 1600Ma Improved Uraniunaltlenethod taking into account legd
derived from decay of thorium
1929 | Rutherford 3400Ma Uranium/lead method takiig account both isotopes of
uranium — U* and U*°
1940 | Alfred Nier 2570Ma Lead-lead ratio method
1953 | Patterson, Brown and 4560Ma Lead-lead ratio method but using meteodtaposition
Houtermans to define isotope composition of “original” lead
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