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FGS monthly meetings and field trips - 2005

June 10 Dr Paul Craddock British Museum, land
Early mining and extractive metallurgy

July 8 Members evening & presentations
Aug 12 Summer break - no meeting

Sept 9 John Atkinson, Portsmouth Water Cormppan
Water supply with regard to Cretaceous strata’

Oct 14 Dr Rex Taylor, School of Ocean & Betiences, S'ton
Volcanoes & volcanic processes along the Izu-Boant

Nov 4 Society dinner at Farnham House Hotel

Nov 11 Dr Christopher Green, Royal Hollowagll€ge
Reconstructing Quaternary Rivers

Dec 9 tba

Jan 13 Annual General Meeting 2006

Field Trips 2005
Various-First Sunday of month (April to October) 23-30 April: Isle of Arran 5 -9 Septber: Bideford

Note that due to lack of sufficient numbers, thegmsed trip to Tunisia in September of this year red to be
cancelled. In its place, it is hoped to run aighttrip to study the geology of North Devon, stayat the
Hallsannery Field Centre, near Bideford.

Graham Williams' one-day meetings on the first Symaf the month, as mentioned in the Editorial,agdollows:
5June:  Cotswolds 4 September:  Sussex

3 July: Portland, Osmington and Kimeridge 2 Octaober: North Kent coast
7 August: Hastings, Smokejacks

Newspaper snippet - Do fossilised eggs prove thisxdsaur cared for its young?

fossilised dinosaur has been found in China with pineapple-

sized eggs, their shells intact, in its pelvic taviScientists
believe the discovery adds further weight to theotl that modern
birds evolved from a group of feathered dinosailitse eggs are
nearly 7ins in diameter and are of roughly equag,ssuggesting the
would probably have been laid at the same timeikkeitdirds which
lay single eggs at intervals. Finding a fossilwvatpair of eggs read
for laying suggests that female reproduction inodaurs was at g
stage somewhere between that of reptiles, sucloasdiles, which
lay all their eggs at once, and birds. Tamaki Sdtthe Canadiani
Museum of Nature in Ottawa, Ontario, and her cglles describe
the fossil in the journabcienceThey say it sheds fresh light on t
mystery of how dinosaurs reared their young.

Steve Connor, Science Editor, The Independentairid April 2005
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A trip to the Himalaya

On the arrival of the G.A. magazine in spring lasay a leaflet fell out entitledrhe Making of Mountainsa
geological trip in the Himalaya. | said to my nosetpgist husband that | had found my summer holigay
this year expecting little response. His reacti@suo tell me that | should go and when asked ivbald come
too, he saidYes. The next day the form was in the post.

We set off on T August and arrived in - -
Delhi with the monsoon which had bee
absent during July. Following one night i
a very grand hotel we set off through thes

Delhi rush hour in trafficgee photplike | [ 2
have never seen before. There is
interesting article in théLonely Planet jy
travel guide which starts: Theoretically [&~
vehicles keep to the left....most vehiclESE======
keep to the middle....remember traff )=
coming from the left has priority, so dodS“<S=a.
traffic from the right & also traffic in the
middle” R

Delhi is certainly a place | would not contempldté/ing. The rain continued to deluge such thatdrkn were
swimming in the puddles at the roadside. This ool overnight and we set off again in heavy raiKalka, for
the toy train to take us to Shimla. This has aitualé of 2000m and is where the British Raj reeddb escape the
heat of the plains in summer. As a result of the, rhe train journey took eight hours insteadieé f though this
was fortunate as we met some people who took #ie tine following day and had been stranded ovétrim 15
hours. We also learned that one of the towns weplagded through on the way to the station had tmally cut
off due to flooding shortly after we passed. Thesze some interesting sayings on the wall at saat@ss on the
way: “The Allah of Islam is the same as the God of Ahanstand the Iswar of Hindusind “Tolerance to other
faiths imparts to us a true understanding of oundv®h that more people could think like this.

Another grand hotel in Shimla which the local monkmpulation had discovered. They were seen egtexin
window that one of the party had left open, toIskeat left on a plate. Here, a visit to the Vigegal's palace
had to be cancelled as a Bollywood movie was béinged inside with India’s top star. While in Shianlve
heard that there had been a landslide caused maithewhich was across the road which we wergake in a
few days, making it impassable. The next partwfjourney was through the foreland basin which feature
produced due to the load of the mountain belt, @png the crust in front of it. Sediments from theuntain
belt are then deposited in the basin. Here, thiereads are known as the Siwaliks. Trace fossilseweund and
some debate ensued as to whether they were bumowsots. The rocks were red in colour suggesting
continental deposition. As the thrust sheet moeeddrd, these sediments were moved forward also.

From Shimla we travelled to Mandi and passed dvembain boundary thrust into the lesser Himalayaes€ are
Indian crustal rocks containing no fossils and hpr@ved difficult to date. The next stop was Naggaere we
visited the Roerich museum and art gallery andéndfternoon travelled to Manali. The journey wa®agh the
Kullu valley where vast quantities of cannabis gedywy the roadside, terraces were covered with pedstoes and
apple orchards, a large box of which was boughtifercoach costing very little.

On arrival in Manali, we heard that the landslidiecking the road to Keylong, which we assumed wdddclear
by the time we arrived, was not! This meant we wduhve to abandon our coach and climb over theslated
Therefore, our Indian guide, who was worth his \eign gold, spent many hours, with little sleemding a
replacement coach and also making contingency @arsome members of the group thought they maypaot
able to manage the climksde photos belgwn the event, this turned into a team buildingreise, the stronger
walkers in the group taking time to help the lessficlent up the steep hill. Porters, walking inhirs and flip-
flops, carried our luggage, wrapped in polythenekdéep it dry. At the top, it was realised that bothygen
cylinders had leaked, which presented another pnolibr the guide as these were a necessity duleetdigh
altitude to which we were travelling. Also at tletwere queues of lorries, loaded with peas angedhddy the
landslide with many porters queuing to carry lobdsk down the hill. So many lorries were held upiolwr was in
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a way fortunate, as we met less on the narrow widbads for the remaining journey. Our comfortatdach and
friendly drivers were abandoned for a coach that wld, bumpy and smelled of exhaust fumes but walsgbly
the only one available at short notice.

We were now in the higher Himalaya and travelledrahe first high pass, stopping to take photothefprayer
flags and the long queues of lorries held up by ldreslide and stretching for miles. The rocks hare
metamorphic augen gneiss and garnet-mica schisteTlere superb geomorphological features in amagda
roche-moutonee, retreating glaciers indicative lohate change, and incised alluvial planes evidethet the
Himalaya is still rising. It was here | learnedabhew dating technigue—cosmogenic dating. Highgneosmic
rays bombard elements exposed at the earth’s surfac
Their interaction with silicon and oxygen in quartz
produce Be and %Al. It is suggested that the
guantity of these isotopes in a rock at the surface
could be used to estimate the length of time these
rocks had been at the surface. The dating technique
could be used to date the rate a glacial outwash
stream cuts down through the beds and can be ased t
estimate the rate of rise of the Himalayas. Wevadi

in Keylong for a two night stop to acclimatise teet
altitude of 4,000m.

From Keylong we travelled to Sarchu which was to
be the first night camping as there were no hatels

- . s this height and it was here that some people showed
the first signs of altltude sickness and were gljuathat replacement oxygen had been obtained.fdlleving day
we were still within the higher Himalaya and it wasticeable that the lush green landscape had eldaogan arid
desert. The local rock is granite: one
being 25Ma, a result of the
Himalayan evolution and one o
50Ma, produced by the melting of th
Indian plate.

The coach was replaced by 3 off 4x4
vehicles for the remainder of the
journey, and the next day we passe¢d
over the South Tibetan Detachment
Zone, which is a normal fault betwee
the higher Himalaya and the Tibeta
sedimentary series. These are roc
from Tethys before collision ang
Mesozoic ammonoids, molluscs ang
corals were found. Also to be see

known as fairy chimneys, a result o

FGS Newsletter, June 2005 Page 4



erosion. From there, on to the Indus suture zoniehnis the collision line between Asia and Indiaisl a line of
weakness and thus is exploited by the modern Irides

The second nights’ camp was at Tso Lar, at 4700w, heere a number of people had serious problents thit
altitude. They therefore had to quickly reduce heighich meant leaving the campsite, travellingras@me rather
bad roadsdee photo aboyeand another pass in the dark to arrive at thd hetel at 2.00a.m. where they had
considerable trouble gaining entry. Most roads Wwaching signs by the roadSbmeone is waiting for you, drive
slow,” and “Darling | want you but not so fastThe remainder of the party joined them in Leh fbllowing day.
By now the Tibetan influence was evident with mamngtyer wheels, temples, monks and monasteries. Reven
we visited a number of Buddhist temples and moniastend made a trip to the Kardang La pass, theest
motorable road in the world at 5,600m (allegedihis road through the Trans Himalaya was throggteous
plutons formed as a result of the subduction ohy®tThe rocks contained “blebs” which are appdyeahe result
of the mixing of two magmas. We also visited a Télperefugee children’s camp and a donation mada toe
trip’s profits. The final geological site was thenfluence of the Indus and Zanskar rivers whereesovall
preserved sedimentary structures were seen.

We left Leh on an early morning flight, (no plarteke off after 9.00a.m. due to the rarified atmasph after
extensive checks and 3 body searches to returreltu Bnd a drive round the city and a visit to Hyaras tomb.
After a very early start on the final day, we méuetrip to Agra to the Taj Mahal and also to Agat.

The Taj Mahal §ee photo aboyevas built by Shah Jehan, work starting in 163d taking 22 years. The Shah
had 3 sons. The youngest killed his 2 elder brethad wanted to kill his father also, so that haldanherit. In
the event, he imprisoned his father for the remimdéis life in a castle a few miles away in amofrom which he
could see the Taj. After a final dinner we left Bieat 2.00a.m. and on arrival at Heathrow discavefet a
number of the party were quite unwell. Fortunatélgth my husband and myself were unscathed by daheus
afflictions affecting many other people.

Judith Wilson

Planet Earth - First 4 billion years - Part 1: TheArchean

We divide the history [
of the earth into two |
periods at about 540" ¢
million years. The earlier,[*
Precambrian Eon covers
the time from the |
formation of the planet|:
(4600 my) until the mass{*
appearance of hard shelleg

invertebrate animals. ||
The succeeding period i
the Phanerozoic Eon
The first 2100 my is
referred to the Archean)
the remainder of the|.
Precambrian is called|
Proterozoic.

S - Exposed Precambrian rocks
There is not much outcrog v [ covered Precambrian rocks
to examine (fig 1), and| & =¥ XA = Orogenic activity since the
frequently it is severely|ll = = e e
deformed, H
metamorphosed or
otherwise mistreated. — ST NG ' ;

Many of the best outcropg’IGURE “1 Distribution of Precambrian rocks in the A. M. Goodwin, in B. F. Windley [ed.], The Early Histo

are in inhospitable area

odern world. Note that these rocks form or underlie of the Earth, John Wiley & Sons, Inc., New York, 1976.)
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which have been explored only in recent times agiGreenland, where Precambrian rocks are gradoeiihg
exposed by ice melt, the Australian outback ande¢hwote, icy Canadian Arctic.

The Isua Supracrustal Group of SW Greenland inslutle oldest dated rocks at about 3750 my. Theszedg
metamorphosed sediments include carbonates; theuneebdate reflects the time of the metamorphism. This
tells us three things, the original rocks, andafare the planet, are older than 3%89, their sedimentary nature
suggests the presence of liquid water and the natbaondicates carbon dioxide in the atmosphere.

Bits and pieces of evidence like this have enabtmlogists to begin to understand the early evartutif the earth,
the gradual development and accretion of tectolatep, the formation of seas, the development edien and
sedimentation, the origins of life, and the devalept and evolution of the atmosphere and the ogbietd which
now protect us from solar radiation.  Figurauthmarises of some of these aspects.

So, how did the planet evolve? and what is theexgd? First, let's look at our.

Archean planet

Earth formed about 4600 my ago from a whirling daf dust, at the heart of which was the sun. Howe
know the date?  Stony and metallic meteoritemfthe solar system have been radiometrically dayeseveral
decay systems (rubidium-strontium, potassium-argoemium-thorium). The results cluster around 4650

Earth has a layered structure, from the core tatimsphere, arranged according to density. i mean that
Earth accreted rapidly and consequently was motkemm, the heaviest material sank to the centie tlam lightest
floated to the surface. Alternatively, Earth rated solid components slowly, and upon reachiegréain size
developed a molten interior; then gravitationdlagmse moved heavy elements to #agth's core; such contraction
would release an enormous amount of energy, peraégsg Earth's temperature by as much as 1 20006der
such conditions the mantle would liquify, and alltwe layering we see to-day.

When Earth liquified, there was extensive degassinifpe surface to form the primordial atmospherdVe see
degassing to-day when volcanoes erupt - this giges clue as to the nature of the first atmospharainly water
vapour, hydrogen chloride, carbon monoxide, cardlioride and nitrogen = unpleasant! As the Earthehahe
hot clouds of water vapour condensed to form riefees and oceans.

Earth was bombarded by meteorites during it's 60& million years. Evidence for this comesnirthe Moon;

no atmosphere means no weathering, therefore testotocks are preserved. The large lunar crasare heen
dated from associated rocks, and they mostly fahin 4600 to 4000 my - and it seems that metednitgacts
were 1 000 times more frequent than now. EvidengeEarth has been destroyed by weathering, erosion,
metamorphism and igneous activity.

As accretion decreased (ie, we were bombardedvkgrfeneteorites!) the surface cooled and solidifeedorm a
thin crust. Heat flow from the molten core wasaer than today, and as a consequence this that was
perturbed and fragmented into many small platesirs¢pd by numerous rifts and subduction zones. t@ons
subduction and remelting allowed further differatiin of the lightest minerals of the basaltic €anic") crust
and lithosphere to form granitic ("continental"yst.

The earliest granitic crust was present by abo04@y. Evidence comes from zircon, which is ex&hm
resistant to weathering and survives as grainsrohéan sediments. It has been radiometricallyddageold as
4100 - 4200 my; it forms by metamorphism of felgicanitic) rocks).

The earliest continents were small and thin. 8ieievidence demonstrates that surviving Archeaoos are
thinner than Phanerozoic cratons. Most Archedimsnts are deep water in nature; terrestrial aatlasv marine
sediments are rare; carbonates and evaporatesmarst amon-existent before the Proterozoic. All liktsuggests
there were no large continents during most of trehéan.

Surviving Archean terrains consist of pods of isty metamorphosed "felsic® material (usually gees$
separated bygreenstone” belts. The greenstone belts originaseditramafic vacancies similar to those extruded
to-day along volcanic arcs. Many have pillow lgvidess indicates underwater extrusion. There ase alrbidite
sediments. This association suggests a subdudiita z
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Other Archean sediments include banded ironstondscanglomerates. Banded ironstones (alternatmy riich
and chert layers) are widespread, but thin. Ocoasicoarse conglomerates have large rounded pebbfessic
and greenstone origin; they lack any crossbeddingtsres, and appear to have been dumped by ensrmo
turbidity flows.

To-day, typical Archean terrains consist of a numtiesmall felsic protocontinents with numerous egretone
belts. Having originated along subduction zonks,greenstone belts were wedged between protoeoidithat
collided and became sutured. Given the small sizbeo protocontinents and the abundance of greradbelts,
subduction zones formed frequently and came totitotesa large proportion of Archean terrains.

Thus, by the end of the Archean, substantial centi had formed. The largest is in Swaziland (ScAfr
basement is overlain by a widespread sedimentagyesee (about 3000 my) that appears to be of fiutal-
origin; this suggests a sizeable land mass. Tleeyrg Witwatersrand sequence (2800-2500 my) co¥ér,000
sq km, is 8km thick and consists of continentalireedts indicative of braided streams which washadrdhuge
gquantities of sediments from the highlands acrdssial fans into lakes.

Was there life in the Archean?

Apatite containing carbonaceous material is presetiite Isua banded iron formations of Greenlamd §¥50 my)
- could this reflect a concentration of carbon lwynb organisms? The carbon is isotopically ligtetips 13C to
12C) the same as bhiological systems to-day.

In the Pilbara Shield dfiW Australia (3500-3400 my) there are stromatolitdeme shaped mounds consisting of
alternating layers of organic rich carbonate anck marbonate. These mounds are formed by matgeddHike
organisms called cyanobacteria (blue-green algabeanargins of warm seas (as at Shark Bay, Westestralia,
today) and may be metres in size. Stromatolitesiom several Archean cratons, but are not commermhaps
this reflects the rarity of Archean shallow mararesironments.

Apart from stromatolites, at least six differenpaéyg of filamentous cyanobacteria have been fourdepved in
cherts in Pilbara and Swaziland metasediments (3800 my). Filaments identical with those of Pibbaand
Swaziland exist today.

Bacteria and cyanobacteria (oxygen producing biagtare prokaryotic - primitive single celled orgams with no
nucleus, and their DNA isn't clustered into diserehromosomes. Eukaryotic cells characterisedunyenand
chromosomes (ie plants and animals) have not kmerdfin the Archean.

Some prokaryotes derive energy from chemosynthésey convert sulphate compounds into sulphides by
removing oxygen atoms, or they convert simple adigammpounds, producing methane. Some prokaryotes
(including purple and green bacteria) derive enangye efficiently via photosynthesis; this emplaydorophyll to
transform sunlight into chemical energy to splitevanto hydrogen and oxygen; the hydrogen thenbioes with
carbon dioxide to produce sugar, releasing oxyges\@aste product.

To-day, none of these bacteria can tolerate oxy8iemno acids, the building blocks of Archean litgn't form in
the presence of atmospheric oxygen; it prevengs giowth of primitive living bacteria, including pple
photosynthetic bacteria, and methane producingelacivhich live in stagnant ponds and swamps. Trahdan
bacteria could thrive because there was little exyg the Archean atmosphere.

Thus, by 3500 my substantial evolution had takextgl producing not only simple bacteria which faealy
upon the environment, but also advanced photosiatbeygen producing cyanobacteria which used ghnli
energy to make food.

The evolution of the photosynthetic prokaryotesfquadly affected life on earth by liberating oxygamo the
atmosphere (fig 2). Evidence from the Greenladhlsediments suggests that the sunlight, wateicarmbn
dioxide necessary for oxygenic photosynthesis peesent before 3750 my; is this photosynthesisicoatl by
the Isua banded iron formation?

How are banded iron formations deposited? Theysisbof alternating iron rich and chert layers. ®akine
volcanic eruptions provided the iron and silica evhdissolved in oceanic waters. The silica wasipitated as
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chert. The iron rich layers are hematite - irondexi The hematite forms when iron dissolved in pmewaters
combines with molecular oxygen in the upper parthef water column; a rain of insoluble rusty paescfails to
the ocean floor. The key point is - oxygen. Oxygart released when rocks are heated, it didn'tectyom within

the planet through volcanic degassing. The primsoyrce of oxygen in the atmosphere is photosyigthes
Therefore, a banded iron formation suggests theepiee of advanced photosynthetic cyanobacteria.

Figure 2
GEOLOGICAL INDICATIONS OF CHANGES IN THE EARTH'S ATMOSPHERE

Pyritic
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FORMATION OF THE EARTH after Schopl 1992

atmosphere must have been low.

The Isua banded iron formation is the oldest,
deposited prior to 3750 my. There isn't much
Isua ironstone, it is seriously metamorphosed,
it is not considered conclusive evidence, but
nevertheless - a tantalising thought!

After 3500 my, banded iron formations

become extensive and thick reaching a peak
about 2500 my before gradually disappearing
about 2000 my in the early Proterozoic.

They are found in Australia, China, India,

Russia, N and S America. More ironstone
requires more oxygen; it can be no

coincidence that stromatolites become
abundant through the same period, becoming
particularly common around 3000 my.

Did the planet's atmosphere suddenly change
from anaerobic to aerobic, and able to support
oxygen breathing life forms? Pyritic
conglomerates provide a clue; they contain
rounded grains of pyrite. Such deposits don't
form any more. The pyrite comes from the
weathering of granitic rocks, and is easily
oxidised, dissolved and destroyed by reaction
with molecular oxygen. The Archean pyritic
conglomerates frequently include uraninite
grains - a uranium rich mineral even more
easily oxidised than pyrite. Therefore, the
environment could not have contained large
amounts of molecular oxygen when these
rocks were deposited. After 2000 my these
rock types no longer form - therefore, prior to
2000 my, the amount of oxygen in the earth's

Stromatolites plus banded iron formations versustipyconglomerates - the evidence seems conti@gict
The cyanobacteria could provide oxygen to the wathich can be used up by the banded iron formatiés the
stromatolites become increasingly abundant andspi@ad, so do the iron formations. Neverthelessesmyggen
should leak to the atmosphere. Initially, muchtlié oxygen was lost through chemical reaction;gexy plus
hydrogen yields water, with methane and carbon mideoyields carbon dioxide, and with hydrogen sidph
yields soluble sulphate.  Some oxygen is scaaeihy bacteria - a form of aerobic respirationVolcanic gases
still scavenge oxygen, and so do we, by breathingbwever, by 2000 my virtually all of the ironsdblved in the
oceans had been converted to banded iron formatéons this allowed oxygen to escape to the atmaepime
increasing volumes. At about the same time, ret lsame into being. These are usually desert (fvagqueous)
sediments; iron is only about 1% of the rock ancliog as iron oxide coatings on sediment particléss indicates
that, at last, substantial amounts of moleculagexywere present in the atmosphere..To.be continued

Graham Williams

Please note that Part 2 of Graham's article, desdsing the Proterozoicwill appear in the next edition of the
Newsletter
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Newspaper snippet: The undersea upheaval caused the tsunami earthquake

IMAGE CREATED
BY SONAR

This 3-D image was created
using sonar reflections from the
seabed at the epicentre of the
earthquake 94 miles off the

" coast of the Indonesian island of
Sumatra. The view, looking

. south, shows the flat Indian
tectonic plate on the right (in
purple) as it slips under the
Burma plate on the left (shown
in green and yellow)

THE SURVEY SHIP

HMS Scott was off Madagascar
when the earthquake and
tsunami struck. After taking on
supplies and civilian scientists in
Singapore, the ship set out in late
January to map the seabed
around the epicentre. A sonar
array slung under the hull sends
pulses of sound which bounce
back from hard surfaces; the
reflections are used to create 3-D
maps of the ocean floor.

NEW MOUNTAIN
RIDGES

Huge underwater mountain ridges
up to 5,000ft high have been
created in the fault zone as the
Burma plate is lifted up and
crumpled by the continual

| process of subduction

UNDERWATER
| LANDSLIDES

. Sudden releases of energy can

- cause the ground to shake and

~ shift, triggering massive

~ underwater landslides of mud and
rock (shown here), which can be

* seen to stretch for hundreds of

miles along the fault line. One

such jolt of energy caused by the

Boxing Day earthquake generated

the tsunami that devastated the

_region and killed more than

| 200,000 people

NEW DEEP-SEA
TRENCH

As the Indian plate (purple) slips
under the Burma plate (indicated
by arrows, right) it creates an initial
~ deep-sea trench (blue) followed by
thrust ridges (green and yellow).
Areas of landslip can be seen
running down the sides of the
ridges (green)

he first underwater images of tseabed

off Indonesia where an earthquake stru
on Boxing Day show the colossal scale of tfi
geological forces that sent a devastatif
tsunami across the Indian Ocean. Thr
dimensional pictures taken by a sonar on {
Royal Navy vesselHMS Scott reveal a
ruptured sea floor of submarine canyons a
mountains created by the movement of o
tectonic plate beneath another at the rate of
inches a year. It was the sudden releasef
pressure built up over decades of tecto
movement that triggered the earthquake, wh
some geologists have re-evaluated as thg
times more powerful than previously thought

Images released yesterday by the Navy shg
how the flat Indian tectonic plate (shown if
purple) is slipping under or "sub- ducte
beneath the crumpled Burma plate (shown .

green and yellow), which is being pushed up Eatiaisks apicentramnd
the process. Steve Malcolm, commandi *V:m'::l:::: bk
officer of HMS Scott said the seabed at thg . -~ .
earthquake epicentre looked like a "rumpl@l. . . tocionic plate boundary
carpet" when viewed on the sonar screen. D S B

Initial measurement
Revised measurement
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from the sonar is being analysed by the marineoggsis Lisa McNeill and Tim Henstock of the Soutiphom
Oceanography Centre. It is the first time the $mar thas been studied so intensely after suchge lkaarthquake.

Dr Henstock said:There are features which we would think are somgthke the Grand Canyon would look. You
can see huge piles of mud maybe a few hundred srteiok, there's a lot of evidence of activityla subduction
zone'! The scientists estimate some of the ridges aréoup,000 ft high. Some of the ridges have colldpse
produce huge land- slides of mud and rock seveilasrtong. Seismologists have calculated that fheeatre of
the earthquake was some 25 miles below the sea fbey initially registered it as 9.0 on the Rihscale. But,
seismologists from Northwestern University in Ewans lllinois have recalculated the earthquake .8s @hich
would make it three times larger - because theessalogarithmic - and the second-largest recortathquake.
Seth Stein, who reanalysed the seismograms, sgiértipture zone was much larger than previously thoughe
initial calculations that it was a 9.0 earthquakil chot take into account what we call slow slighere the fault
delineated by aftershocks, shifted more slowlwal$ the forces generated by the quake that liftepevolumes of
water. The additional energy released by the sléipv along the 745- mile long fault played a keyerdh
generating the tsunartii

Dave Long of the British Geological Survey, saidtthn early-warning system in the Indian Ocean daive
better protection against a tsunami caused by ahgeemke. A tsunami warning system simply tells you the
earthquake had happened and that a tsunami is gtngome through later. The advantage of this st
information is that we can model in advance, ifhage a certain type of earth-quake, what might leagp

Steve Connor, Science Editor, Independent, 10 Fepr2005

Geological trip to Lycia, Southern Turkey

n September 2004 we were delighted to fulfil ouslwito visit Southern Turkey. We travelled with a

Geo/History Group led by Dr Jill Eyers of the Higtycombe Geo Group. Having taken note of the adwert
the FGS Board, well placed by Shirley Stephenscargacted Jill and booked our places for the tiame the
day of departure, we were pleased to meet up wltlardd 20 other members of the group at GatwickpAit.
After a smooth flight we landed at Dalaman and Bedrthe coach for the drive to our hotel in Olu 2en the
Bay of Fethiye. From the moment of our arrival walised we were in a veritable geologists parad@mssing
the Dalaman Plain a great range of limestone mmszame into view. These mountains, called theaBaag
Range, with Mount Cragus being the high point, steeply down to the sea to one side of the bayhicwour
hotel was situated. The other side of the bayé&osed by a rounder shape of red peridotite hilléch gives the
area a feeling of being in a large cove and watquted from invasions in past centuries.

The next morning, our group found themselves pigkimeir way across the blisteringly hot rocky beawt to
swim in the warm sea but to explore the ‘Thrustiiing part of the Lycian nappe. A mantle of petiido formed
at great depth beneath the crust, had been thpuahd over the limestone. Rock samples were ¢etlecin the
afternoon we did get our swim, in the lovely poolie hotel which was situated very close to tlife felce.

The following day after an early start we set auntFethiye, in the comfort of our air-conditioneshch, to visit the
peridotite hills we had seen in the distance, Wthunt Charles as the highest point. Here we wareduced to a
chromite ore quarry, still actively mined. The whis crushed and graded into separate piles réady
transportation to the factory for exportation. @hite is, of course, used in many manufacturingcgsses
including paint and chromium plating. These higlalgy podiform deposits were formed in the magrharobers
by crystallisation millions of years ago. Afteretheat of the quarry we were glad of a break f@leapea in the
nearby village of Uzumlu. Here, we sat alongsitge bcal menfolk playing draughts in the morningighine.
Their wives were at home, weaving on ancient lootasprovide an income from the colourful shawls and
tablecloths they sold to passing visitors. Onreturn journey we passed beautifully carved rocklts high up in
the rock facegee photo beloyw These were used for sarcophagus burials, d&tmg around 500 BC, for well-
bred Lycian gentry.

The next day our tour took us to the Dalyan riveltadfor a fascinating cruise, on our privatelyelilocal boat,
through the reed beds to the thermal springs, d&ed by the Romans. Refreshed by a soak in thenlmeral-
water pool we climbed up to the ruins of Kaunoggioally a Hellenistic Greek settlement, later qoied by the
Romans, with added amphitheatre and forum. Sadegper into the delta, we finally stopped to eselie vast
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sandbank, now the protected ‘nesting’ place foalldartles, which come in great numbers, in thesgpato lay
their eggs at night.

Perhaps our most exciting day was tiye
visit to Pammukkale. Up and out ofi®
the coach before dawn for the lon
journey inland, with a stop fo
breakfast at a roadside café, we finalfy®
reached our destination and realis¢d
the beauty of this special terrain. Thes
name of Pammukkale means ‘Cottgl
castles’. The travertine cliffs gleame .
white in the morning sun for miles ifg™
each direction gdee photo below | *
Once again the Romans hag ¥
established a city there, calle
Hierapolis, but even in Hellenistid
time the Greeks also knew of th
curative powers of the minera
deposits and created a settlement |
1850 BC. Since that time, even to t
present day, the calcium, sodiu : AT et
bicarbonate deposits mixed with sulphur have gives to the spa baths for curing all manner of aiita. There
is even a mention of these springs in the Biblewown as the ‘City of Hera’, sacred at first, thehlay City for
pilgrims in Byzantine times, these travertine teesheld pools of minerals of differing hues acitaydo their
properties. Currently, the Tourists come to waragoss the terraces and bathe in the man-madB&pavaters,
surrounded by idyllic foliage displays and anciBoman columns. A sight to be behold indeed!

The following day, back on the
seashore, in rough surf, we boarded
well-furnished cruise boat to view thg
cliffs from the seaward side. The rog
colour of the peridotite cliffs becams
more apparent when reflected in t
clear, vivid blue copper-saturated se
which was pleasantly warm fo
swimming. The mouth of an inlandj
fresh-water stream was suddenly”
discovered, by a shout from one qf--
the group, and we experienced the iq
cold water pouring out from a crevics
in the cliff-side. Our boat eventuall
reached Nicholas Island, reputed
where the % Century Saint from
Myra, a Byzantine community, had
come ashore. We were able to cli
the limestone crags to visit the sma ' :
stone churches dedicated to this Saint. After meatlecting of rock samples, to compare with oth@esviously
gathered, the day ended with a ‘picnic’ on board arvery ‘wet’ disembarkation on return to the tea€ Olu
Deniz.

Another exciting day was spent walking through Sialikent Gorge in the Ak Daglari mountains, whitgde up to
3000 metres high. Wading through the cold rivemglthe rough floor of the limestone canyon, the hietre
cliffs narrow to a boulder-strewn scramble. Howewee were rewarded with finds of rudist fossils'@brnetto’
shape bivalves.

Our last day was spent in Olu Deniz with the nomifear view of the limestone cliff-top of Baba Dagsome of
our group members took the ultimate adventurekyedéve from the top of the mountain. From the taquid be
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seen the ‘Thrust’ formed by the collision of theigan and Eurasian plates and the closure of thieySecean, 58
ma. Thus was formed the Lycian Nappe of Southemkdy. The skydiving geologists were well pleagéth
their view over the mountaintop and the whole gragpeed the week-long adventure as rewarding iasplécts.
We recommend this region of Lycia for further explwmn.

Jackie and Harold Young

Landslides, landslide dams and dams for hydro-elegtity in the Italian alps
Summary of the Society's January 2005 lecture givelny Prof. Eddie Bromhead, KingstonUniversity

:]rofessor Bromhead spoke from a detailed personalvkadge of this area in the Italian Alps describthg

villages, river systems and mountain-sides wherpmeatural disasters as well as continuing proklevith
man-made structures have occurred. He distingdibbveen mud-slides, where flows of material fidalomite
cliffs on to the Triassic San Cassiano formatiomeaf marls, created shallow mud-slides, and rockdebris flow
down the rivers. These latter slides could prodireenatic effect on settlements close to the rivitrsome point
in the valleys, dams would be created by the naltélows and behind these dams lakes would formateL
landslides down the cliff-sides into these lakasat the level of the water and created alternathannels for the
overflow.

A lot of effort has been devoted by engineers toimise the damage caused by landslides includittmgeaup
remote-controlled stations in armoured sheds tooster the source area of new landslides. Also, deannels
have been built to take excessive flows and to nitagasier for the debris to move downstream byewatjection.
A further factor in creating landslides is the ¢ouing rise of the Alpine mountains and their sujst erosion.

Many hydro-electric schemes have been built usamgsdon main river valleys as well as a series ofsdan side
tributaries. Many of these schemes have not beetessful but the Italian engineers continue tatlseeconomic
advantages of hydro-electric generation as justifyhe risks.

Peter Cotton

The RSPB Farnham Heath project
Summary of the Society's February 2005 lecture giveby Mike Coates, Chief Warden, Farnham Heath

M ike Coates began his talk by reminding the audig¢hag although there had been a significant amotint
opposition to the RSPB project of felling a larganber of trees in the Lower Bourne-Tilford parishehad
to be recognised that these were commercial plangatvhich would have been felled anyway at somme ti It
was the intention to leave areas unfelled and rtiquéar deciduous trees would be left standinge fbrthermore
stressed the importance of leaving deadwood stmiseptovided the habitat for many species of irsedtich in
turn offered a food supply for birds and other aadan

Mike then went on to outline the main purpose a$ tRSPB project which was to re-create a greatea af
lowland heath which had been decimated in SurrelyEast Hampshire by the change from a peasantutgrial
scene to one where their use of the heathlandgréming, turf collection, thatching and broomsquinaterials
came to an end. In addition, of course, the gravittowns and villages used up considerable aréésmand
heath. The lowland heath countryside with its prethance of heather, both short and tall, was #weured
habitat for a variety of birds and lizards , snaied butterflies. Slides were shown of three tygfelsirds whose
numbers had declined dramatically and which it weasgped would re-establish themselves in breeding
communities; the Dartford Warbler, Woodlark, andtjar were the three species shown.

Referring to the soil of the heathland this wasyvacidic since it was essentially resting on Loveensand
Folkestone Beds. However, there was a considergbémtity of air-borne nitrogen fertiliser whiamfortunately,
helped in the growth of bracken which had to bet keyler control. It was also noted that as pathefclearance
programme much brash was produced which was miesttigely dealt with by burning; this itself resed in the
creation of further nitrogen fallout. In creatingnditions for the re-growth of heather it was dotieat heather
seed was extremely resilient and could lie dornmattie soil for up to 100 years.

Peter Cotton
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