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Editorial

This Newsletter seems to be dominated again by46lirAnniversary Celebrations - the day of lectures
and exhibits and the splendid Celebration fielg to the volcanic island archipelago of Madeira,jolhl felt
deserved a full, unedited report. It was writtensieyeral of the members and compiled by Grahamafif. The
newsletter can only fit in a few photographs of ¥heious aspects of the Anniversary day and fiefd o | plan to
upload more photographs onto tkResld Trip Photo Albumsection of the Society’'s website. Also, and most
importantly, FGS gratefully acknowledges finanagapport from the JAPEC Fund of the Geologists' Asgimn
for the 48" Anniversary Celebration event.

There seems to be a very igneous theme this timaténtionally) as | have included the summaryhef t
April Field Trip to Charnwood Forest in the Eastdidinds, which explored the Precambrian igneousipcevof
that area and followed on perfectly from the prasiday’s lecture on the Santorini Supervolcanoco Atsluded in
this issue is a summary of the July lecture, gilsgnone of our members, Dr Alan Witts, on the infloe of
geology on the development of narrow gauge railwaysorth West Wales. Space limitations have méaait the
summaries of the April (Santorini) and June (TheMountains) lectures have been held over to the nex
Newsletter

Sadly, the Charnwood trip was the last one mad®#yid Martin, an enthusiastic, well respected and
ever-present member of FGS, who made a valianttetiooughout the whole Charnwood trip despite gein
unwell.

| FGS 40" Anniversary celebrations, June 26 2010 |

Lyn Linse’s comments echo those of the members moutmembers who attended the FGS" 40
Celebrations this summeéBue Williams did an excellent job in organising tkevent and everybody who attended
had a wonderful time. The speakers in the mornessgisns at the Maltings were very good and evergojeyed
wandering happily down memory lane whilst lookihgotigh the lovely photographic display of our figtg
adventures. A lot of work had gone into the displai/the rocks and fossils, which proved of intetesll. The
weather was very warm and sunny for the picnichume the Hog's Back and the pleasant walk arouedattea
afterwards. The whole event was rounded off bytdteaat the evening party in Joan Prosser's gardédre many
delicious contributions of food complemented tkieli music provided by the Prossers and togethatenfar a
perfect evening and ending to the whole excelleant

Marybeth Hovenden agrees - her lif@$ been enhanced by FGS membership and its caeraaince
1980

1 FGS Newsletter - October 2010



Clockwise from top left:
1. Peter Luckham
(Treasurer) views the
fossil collection;

2. The display of rocks,
minerals, and their
petrogenesis;

3. Enjoying a relaxing
lunch and then 4. A walk
around the Hog's Back;

5. The evening
celebrations kick off with
Joan Prossser’s band;

6. Graham presides over
the celebration cake,
and last but by no means

least;

7. The morning’s well
attended lectures on
Climate Change.

Climate and Getting Older — a Comment on the Birth@y Celebrations by Janet Phillips

Those big birthdays — 30 70" etc are always slightly depressing. The way toecispto thank God that
you are not dead and then to have a party. S&:@&'s 48" birthday we had a party. Only, an oil geologisttoa
committee thought we would enjoy the party moneefhad done some intellectual and physical wost!fir

So our birthday on #6June passed very happily. We gathered at the mgaltand viewed a display that
included photographs from the last 40 years, fesamild rocks. Susan Williams had done the lion'sesloé the
work and | am sorry for anyone who missed it. Liycknany FGS members made it, together with an @sgve
number of visitors from other clubs together withr &riends from Harrow and Hillingdon, Horsham dr@dUGS
(a total of 71 attendees, mostly from FGS but atlieom Harrow & Hillingdon, Horsham, Mole ValleyeRding,
and West Sussex Geol Societies; of these, 55 jaheetield trip and 50 stayed to party).

Then the lectures started: Prof Susan MarriottélSiturian and early Devonian Climate as revealethb
Old Red Sandstone of South Wales’; Prof MalcolmtHafas the Cretaceous greenhouse world always smWa
and Dr Danielle Schreve ‘Quaternary climate chaampgkfossil mammals.’ Notice -

a. these were first class lecturers who gave up Seiurday and came miles to educate us;
b. we were helped with a grant to pay their travelemges — thanks GA Curry Fund,

c. the lectures were given in chronological order priessive | thought;

d. the climate theme is topical and guaranteed to atight in our society - always fun.

We then leapt into our cars and gathered on thenMouGuildford for a mass picnic lunch. As usual
Graham had arranged good weather. It was so cadgdai it took a little time to gather everyone fbe field
trip. Dick Selley came as joint leader. They proeelnowledgeable team, and we were treated totaresting
journey from the Guildford chalk back in history tiee Atherfield Clay. By the end everyone couldetan
educated guess at what rock lay beneath the lov@lys around them.

At last, we were allowed to party - eating strawiesrand cream, a glass of while wine in hand, sthil
listening to the Prossers’ Band and talking tonfuigin a pretty garden on a warm June evening.

Finally, we would all like to thank all those whoaffed. In particular Graham Williams for making it
happen and Sue Williams and Joan Prosser for agmgent of work.
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FGS Field Trip to Charnwood Forest, East Midlands.
Led by Drs Steve Booth and John Carney

The localities visited lie to the N and N-W of Lester. The sites visited on day one (Mount St Berna
Abbey, Charnwood Lodge, Warren Hills and Bardor)Hiéd by Dr John Carney, and on day 2 (Bradgate)?
led by Graham and Liz in Keith's absence, were dateid by the Charnian Supergroup rocks of lateaPnbaan
(possibly to early Cambrian) age. The rocks aredgis volcanic rocks (intermediate lavas — dacibelsaadesites -
and intrusive diorite bodies, and ignimbrites - desl ash flows) and sedimentary rocks (mainly forrmedlasts
from the same lavas, called volcaniclastics), axtuded tuffs and tuffaceous sediments, agglomemate slump
breccias.

Cambrian-aged sandstones were examined at BradRgate and slates at the Swithland Wood Slate
Quarry. This sequence of Precambrian-Cambriarastoatn small outcrops on the tops of hills whichthrough a
younger blanket of thick Triassic mudstones (sudicrops are called inliers, i.e. where older roakes surrounded
by younger rocks). These red Triassic sediments wisible underfoot as we trudged down to and atbegvalley
of Bradgate Park.

The last day was spent touring the offices andrktbaes of the British Geological Survey (BGS) at
Keyworth, led by Dr Steve Booth. This was a vergiiasting and informative visit viewing 3-D modelsd new
methods of mapping, but space prevents descripfidhis part of the trip in this newsletter. HowewGS would
like thank the BGS for their kind assistance theg dnd for their kind permission to reprint variqaisotographs
used in this article.

In late Precambrian times (ca. 600Ma), the Britidbs were situated in the southern hemispherinkuto
distinct areas. Scotland and the northern halfrefahd were located at about°&) on the southern edge of
‘Laurentia’, then still part of the supercontingbbndwana. By contrast, England, Wales and the eorthalf of
Ireland lay on the northern margin of ‘Avalonia’cantinental fragment that was splitting away fr@ondwana
and situated about 38 of the Equator (Figure 1).

Position of
England andWales

Ash settling thro

water column i rane

Fig. 1. The world in late Precambrian times caNs@0 Fig. 2. Schematic of the Charnian Volcanic hroe.

The northern margin of Avalonia (where Charnwoot) sas an active subduction zone. Magma rising
from the melting of the subducted plate rose tanfa series of explosively island arc volcanoes,ilaimio
Soufriere Hills, Montserrat, in the Caribbean to@@gures 3, 4).

Fig. 3. Debris arising from a pyroclastic flow fasra fan - Fig. 4. Pyroclastic flow running out over the sea.

running into the sea.
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The volcanoes probably sat on the edge of a desprge which, considerable layers of debris frdma t
eruptions were deposited (as run off from the ¢amestial deposition and re-deposition as submdandslides).
Many vents ejecting material probably existed o ¥olcanic slopes and the numerous earthquakesiatesb
with the underground movements of magma (especiglign associated with collapsing caldera) madeslibyges
very unstable, consequently slumped sequenceselatively common. It is these volcanic rocks andinga
deposits that form the Charnian Supergroup, asefieocks in excess of 3,500m thick.

At Beacon Hill the outcrop comprised 560Ma rockattBhowed the characteristic pattern of material
deposited as turbidites. The beds varied betwegneli, coarser grained material, ‘sandstones’ (egb, 6), to
darker, fine-grained mudstone deposits. Althougtsaridstone grain size, the ‘sandstone’ clasts mefact of
volcanic origin. Cleavage was clearly visible.

Fig. 5. A typical sand grade turbidite Fig. 6. Gewce of coarse grained turbiditic rocks

At Bradgate Park, rocks of the Precambrian-agedvi#ixGroup occurred. These were formed at a time of
continuous volcanic activity and associated eaidkgs. Blocks of volcanic rock as well as large ant®wf ash
and debris were blasted from volcanoes and sattléite surrounding seas. Earthquakes caused vislemiping
of the sediments down steep submarine slopes, rmsrdgrated in the photograph below of the Slidimgn®
Breccia (Figure 7). Visible are large pieces alden rock, some contorted and bent in this viodgmsode.

Fig. 7. Slump Breccia (pieces over 35 cm long) BigA Sag Structure (see text for discussion)

The feature shown in Figure 8, also in the SlidBtgne Formation, caused some discussion. Further
investigation suggested that there was tensiongaiba bottom of it, as though the underlying bedd been
stretched. John Carney’s interpretation (privaterespondence) is that ‘the whole thing seems tgpawate
upwards from a thin sandstone bed. Perhaps thidludsed and began to move slightly, causing témesional
structures and sagging in the beds above, whichtreaspassively filled by later sediment towards ¢md of the
event.” Since 575Ma, primitive soft-bodied animaksd existed and their remains have been preservelei
volcaniclastic sediments of the area. One suchGtasnia Masonj see Figure 9 below.

Close to the ruins of Lady Jane Grey's house weni&d thick rather homogeneous Cambrian-aged
sandstones and an intrusion into the Charnian rdtks a diorite, a very colourful coarse grairigdeous rock,
with pink feldspar and green hornblende. We obskmenhighly polished surface which had been sliciists
during fault movements. Subduction eventually edaand with it volcanism in the area. Erosion gedigu
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reduced the islands so that by Cambrian times (%43te area was covered by a sea in which mudiessited
which would later form the Swithland Slates.

At Swithland Woods, the formation we saw was o)y thought to be of Precambrian age, but the
discovery of the trace fossileichichnus which is confined to Cambrian-aged rocks elseehéras put this
formation into the late CambriaifTeichichnus is a simple feeding burrow that shawgically to obliquely
oriented spreite and probably made by a bivalWg walked around the perimeter of a disused quarthe
Swithland Greywacke Formation. These rocks arensitely cleaved and have, in the past, been quarfibe
Romans used this slate for roofing and in lateresint was used for both roofing and headstones.eSoral
graveyards have these headstones, some with seofidaichichnusvisible. Figures 10, 11 show this trace fossil.

Woods

Position of
England and Wales

Fig. 11. Internet image of the trace fo§ichichnus Fig. 12. The world, late Ordovician, ca 450Ma.

Towards the end of the Ordovician, ca. 450Ma, tierguontinent of Avalonia lay more or less equialigt
between the remains of Gondwana in the south (atgghiby the Rheic Ocean) and Laurentia in the north
(separated by the lapetus Ocean), See Figure 1BstVlvalonia with what was to become England, Veadad
southern Ireland had drifted south to lie aboftS6f the Equator, Laurentia had moved N to strattdieEquator,
although the area where the north of the modertisBrisles lay was about 29.

During this period, two important events were tgkplace. Subduction had started again to the N of
Avalonia as had various types of igneous activiRglevant to this area was the emplacement of sloolirg
magmas at depth, which solidified to form the Maantel granodiorite. The quarry at Mountsorrel, tBoaf
Loughborough, is the largest granite quarry in [pero

Towards the end of the Silurian (ca. 420Ma) theaamas caught up in a period of compression and
mountain building, with fold structures (the SEqig Charnian Anticline) and low-grade metamorphgrawing
a strong WNW cleavage. This cleavage is found tinout the rocks of the area but most clearly vsibl units
such as the Swithland Slates. The Acadian Orogeary,of the Caledonian Orogeny, saw the closutbefapetus
Ocean and the collision of Avalonia with Laurerdlang the lapetus Suture. The suture runs apprasiyndE to
SW and passes through the area of the Solway Hiniis.event finally saw the joining together of thadmasses
that form the modern British Isles. A major faulie Thringstone Fault, was formed about this tiifies fault
forms the W boundary to the area and has had ariingjact on the local geology and economy of tleaar
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During the Carboniferous Period the area stradtiedEquator. Warm, shallow seas dominated with the
deposition of limestone. However, most of the Charwd area lay to the E of the Thringstone fault fonched an
exposed mountain range. One of the few examplgSaoboniferous Limestone occurs around Grace Dide. T
shallow seas gave way to swamps and forests, vithiohthe basis of the N W Leicestershire Coalfields

Early Permian times (ca. 290Ma) saw the closuri®fRheic Ocean in the south and the formatiomef t
super continent, Pangaea, was almost completendthie Permian Period (299-251Ma) the Charnwood ke
about 10N in the midst of Pangaea. It was a stable areth@hondon Platform, surrounded by areas of afib
formation. Climatic conditions have been comparethbse of Death Valley and erosion characterisissperiod
with much of the Carboniferous sequence being reov

Position of
Scotland and
Northern Ireland

Fig. 13. The world, end of the Silurian Period 4d&Ma. Fig. 14. The world, Lower Triassic, ca 250Ma

Above: New Cliffe Hill Quarry, Stanton under Barddreicestershire. Palaeovalley incised into Neaggnaxoic rocks and
filled by Mercia Mudstone. Top Right: Valley fillesliments; Btm Right: wind-eroded Charnian granatidiors underlying
the Triassic.

The Triassic Period (251-200Ma) started with aqueof fluvial deposition from large rivers that ced
material from the Variscan Mountains to the S. Tharnwood area contributed material to these rivessamples
of these deposits can be seen in the Shepshedt@agadEhe latter part of the Triassic Period waaratterised by
conditions akin to those in the present day Aralsianinsula with a combination of flash floods fangndeeply cut
wadis, seasonal lakes, and for the most part, Wiaan, fine-grained silts and muds.

The result of this continental environment was fitvenation of a major unconformity which is illusteal
dramatically below where the grey Precambrian-agkdrnian Volcanic Complex are overlain by the béndf
red Triassic fluvial and wind-blown sedimentaryasdr
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In the intervening period, up to the Quaternary &Mhe record of the Cretaceous, Jurassic and wiuch
the Triassic strata has been eroded away. The @aggelce Ages have left their mark as glacialstiind
striations.

References:
Bedrock Geology UK South — Published by BGS 2088N 978-0-8527-2586-3
The Geological History of the British Isles — Pshikd by OU 2009. ISBN 978-0-7492-0138-8
The Geology of the E Midlands — GA Field Guide Nb-6Published by the GA. ISBN 0-900717-89-0
Exploring the Landscape of Charnwood Forest andritkmurel — Published by BGS. ISBN 978-0-8527-2570-2
Useful Websites:
British Geological Survey: www.bgs.ac.uk
BGS online Library Catalogue [GOLIB Web View]: httigeolib.bgs.ac.uk
Lafarge PDF on Mountsorrel Quarry: www.lafarge-aggttes.co.uk/LAF5883-LO-RES. pdf
Mindat.org / New Cliffe Hill Quarry, Bardon, Leicesshire: www.mindat.org/loc-1590.html
Montserrat Volcano Observatory: www.mvo.ms
The Open University: www.open.ac.uk/openlearn
Photovolcanica / Soufriere Hills: www.photovolcamicom/Volcanolnfo/Soufriere
US Geological Survey: www.usgs.gov
Maps
Ordnance Survey Explorer Series [1:25,000] — 245246
Andrew Ashley and Margaret Richards

Influence of geology on the development of narrowagige railways in NW Wales
Summary of July lecture given by Dr Alan Witts, Menber FGS

Geology has always had a strong influence of theeldpment of railways, both in defining suitable
ground formations through which to build the infrasture and in creating demand for transport @hemically
important materials such as coal and building stdhe focus for this talk is the link between tieerand fall of
the slate industry and the development of a supyprtetwork of narrow gauge tramways and railwayNw
Wales with particular reference to the Corris arBlaere are three main slate producing areas irrdgon of
interest:

e A belt running roughly NE from Penygroes, througk Llanberis area to Bethesda containing the large
quarries in the Nantlle valley, at Dinorwig and Bgm, generally considered to be of Cambrian age

(Howells, 2007).

* A belt also running roughly NE from Porthmadog tadhau Ffestiniog containing quarries in the Croeso
valley and at Blaenau Ffestiniog, considered tedrty Ordovician in age (Howells, 2007).

« A belt with a similar orientation from the coastuio of Tywyn, through Corris to Dinas Mawddwy with
mines at Bryneglwys, Corris, Aberllefenni, HendrdeDand Dinas Mawddwy, considered to be of late
Ordovician age (Howells, 2007).

The slate in the above regions is considered te lbaiginated as fine grained mudstone, which wagestito
low grade regional metamorphism (high pressure temperature). The pressure, generally from the Mg
exerted during the Caledonian Orogeny in late Bifuto early Devonian times (Howells, 2007). Clagesin the
slate, which is at right angles to the directiorthe pressure, can be independent of the origieddlipg plane and
Is caused by alignment of mica-type minerals. Satomposed of mainly very fine grained quartz emgcovite
or illite, with biotite, chlorite, hematite and ptg (Wikipedia). It can vary considerably in colaamd consistency,
thereby affecting its commercial value. Incorpamatiof small quantities of iron in ferrous and ferdxidation
states tends to produce greenish and purple tregpectively, while the predominant colour is greylack. The
presence of iron pyrites compromises the longeafitsiate due to oxidation.

There is evidence for small scale use of slatk lacRoman times (Richards, 2006), but the great
expansion of the industry occurred in the late teighth to nineteenth century as the Industrial Retiom led to
demand for building materials. Although availabidarge quantity, slate deposits were usually kdatland and
at elevation and were initially difficult to exptalue to poor communications. Early transport agkpanimals or
horse and cart to suitable ports led initially tgprovements in roads, but, in what became a higbiypetitive
industry, innovation soon led to the developmentedlicated ports and horse drawn tramways whichtlgre
improved the efficiency of transport and hence ceduthe cost of the delivered material. The piotieanway,
which opened in 1801 and linked the Penrhyn quaitly Port Penrhyn (near Bangor), apparently allowszlind
16 horses and 12 men to do the work previously dgnep to 400 horses and some 140 drivers (Rich2aBs).
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Others soon followed, serving quarries, for exampteDinorwig (1824), Nantlle (1828) and Blaenaedtiniog
(1836).

The Corris area entered the tramway age relatiadéywith the Corris railway opening as a horsanar
tramway in 1859. The Corris railway became parrst@perated in 1879 and carried passengers assvslate
products from the 1880s. Business declined in @itk 2entury in line with the welsh slate industndahe Corris
Railway was finally closed in 1948.

A society was formed in 1966 with the initial aohrestoring a short demonstration track at Cofiger
the succeeding 44 years the initial ambition hasnbachieved and greatly enhanced. A museum has been
established in the old stable building at Corrise Driginal engine shed was purchased in 1981. Samdle of
track was re-laid, and a diesel operated passdrajarservice commenced in 2002. A 10-year prdjediuild a
new steam engine culminated in steam-operatedstfeam 2005. Development has continued at incrgagace
with 2009 seeing the completion of a new carriagpeds built mostly by the railway's volunteers and
commencement of a programme to design and buildcansl steam locomotive. In 2009, the volunteers ran
demonstrations of horse-drawn and gravity-workeths to commemorate the 158nniversary of the opening of
the original tramway. Progress since 1966 careba 1 Figures 1 and 2.

. 1. Corris Railway's Main Engi vin Fig. 2. imilar viewpoint to Fig. 1 Main Enginesgi
closure and lifting of rails in 1948. Base in April 2009, showing engine shed (in distanc
Left) and new carriage shed (Right).

Slate extraction in the Corris area has not faedwell. At its peak, the area possessed around 12
substantial mines and many small concerns, mosthach were exploiting a ‘narrow vein’ of slate anou30m
thick which dipped steeply into the ground at 60°:9This meant that the normal method of extracti@s by
mining rather than surface quarrying. The ‘narra@intproduced excellent quality slab slate, whidswnachined
into rectangular slab in mills attached to the mirglate slab found a great many applicationsm fneemorials,
sills, lintels and manhole covers to snooker tablet mountings for electrical switch-gear. Off-cwisre used as a
local building stone. A number of the mines surdiW&WII while some continued working into the 1970%e
final working mine, the large complex at Aberllefeé(Figure 3), finally ceased slate extractionesently as 2003,
although the associated slate working mill is sierating.

The story of slate mining and its associated
railway at Corris nicely illustrates the ups anavde of a
once great industry that exploited local geologateSis
still produced in North Wales, notably at the Pgnrh
quarry near Bethesda, while a number of rebuiltavar
gauge railways now bring tourists to the areaslstill
possible to appreciate this heritage in the Carea by
taking a ride on the Corris Railway (www.corrisidq.
and visiting the King Arthur's Labyrinth at the @er
¥ Craft Centre which uses partially flooded levelstioé
. ;- e Braich Goch slate mine for a magical mystery tétne-
Fig. 3. Aberllefenni Slate Mine showing end-on esqpe booked visits into upper levels of the same mine aao
of the ‘narrow vein’ dipping at near 90°. be arranged by the Corris Mine Explorers
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(www.corrismineexplorers.co.uk). Here, the mine barvisited in the state it was left in by the méen their last
working day around 40 years ago and worked expesfrthe ‘narrow vein’ can be observed.

References:
1. Howells, M.F., British Regional Geology, Brhiseological Survey, Nottingham, 2007.
2. Wikipedia article on ‘Slate’
3. Richards, A.J., Slate Quarrying in Wales, Gw@ageg Gwaich, 2006.
Alan Witts

| FGS field trip to Madeira, April-May 2010 |

The Anniversary year was celebrated also by ary arfrdield trips, the highlight of which was thaprto
Madeira, April 28" to May 2, 2010.

Madeira is a volcanic island 600km west
of Morocco. Its volcanic nature produces
dramatic scenery with steep gorges
radiating from rugged central mountains
that rise to 1861m. The coastal scenery is
spectacular with cliffs up to 600m high.
Climate and vegetation varies from the
desert of the eastern peninsula, through
coastal vineyards and banana plantations,
to lush deciduous vegetation on mountain

slopes and to eucalyptus/pine forests in coolerniain regions.

British visitors, particularly Lyell (1854), werée first to give geological accounts. Madeira riS660m
from the 140Ma oceanic crust of the Madeira Aby$dain, part of the African Plate. Madeira is theduct of a
Mantle Plume above a ‘hot spot’ deep in the maritlee African plate has drifted northwards over thist spot’
for over 70Ma, forming a string of volcanic pilewhich Madeira is the most southerly and most meceToday,
the hot spot is just SW of Madeira.

Mantle Plumes And The Earth’s Structure - The earth is ~12,740km in diameter and idifitrd into layers:

» Lithosphere - the outer rigid shell, extending frtm surface to ~100km. It consists of the crusk tue very upper
part of the mantle (oceanic crust is 4-20km thi€kntinental crust is 30-70km thick, upper mantl®kts thick).
The Mohorovicic discontinuity separates the rigidst from the plastic mantle.

* Asthenosphere - the layer below the lithospher@0kh thick, composed of ultramafic rocks such agdpéte and
dunite that are hot, weak and plastic, and flowklainder stress.

« Mantle - this layer between the lithospheric craustl the core is ~2800km thick; it is divided intamy sub-layers,
including the asthenosphere and lower mantle. ¢bimposed of ultramafic rocks such as peridotitg dunite and
their metamorphic equivalents (e.g. eclogite).

e Core - the central portion of the earth ~7000kndimmeter is composed of an iron-nickel alloy. Thger core is
molten, while the inner core, even though justats ik solid because of the increased pressure.

The planet loses its heat via convection in thetfagwhich helps drive plate tectonics) and via tteaplumes
that arise from near the mantle/core boundary.r&etle plume of the nearby Cape Verde Islands dafied as a
plume neck ~150km in diameter which feeds a mushrlilke head ~1500km in diameter; the plume neck is
~300C and the head ~1{ above ambient temperature. Dynamic uplift over tonvecting plume head has
elevated the Cape Verde swell ~1900m relative tonaboceanic depth.

Plumes contribute to plate tectonics' processém -Idelandic plume is believed to have contributedhe
splitting of N Europe from Greenland to form the Atlantic basin. Plumes form many of the great igreo
provinces of the world - the Hawaiian chain, Icela@ape Verde Islands, Canaries, Reunion; on thénamts,
massive basaltic outpourings such as the Deccgps Thadia), Parana (S Brazil), Snake River (NW U3AJ the
Karoo (S Africa) all contributed to continental akeup.

The Geological History Of Madeira— this begins in the Miocene with the main isl&odding stage:
* Miocene - the Madeiran ‘shield’ built up from thbyasal plain as a series of scoria and compositescto form an
island (Basal Complex, Volcanic Complex)BErosion and subsidence allowed local formatibmeef limestone
(~mid Miocene).
e Pliocene - this ‘main shield building’ stage proddchuge volumes of lava and pyroclastic depositsir{ Shield
Building Stage Volcanic Complex BadB3). Between eruptions, soils formed in which temiabflora and fauna
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were preserved. Subsequent volcanic activity castiron a reduced scale.

« Pleistocene - the ‘mature’ stage; fissure eruptmirava extended the pile in an E-W direction éwmned high level
plateaux Mature Stage Fissure Eruptive CompleX)Biitense erosion resulted in extensive alluvéal, ffluvial and
coastal deposits composed of volcanic detritus,aaudian calc-arenites.

e Late Pleistocene and Holocene - local volcanic tawop filled valleys with laval(ate Stage Bbin the north of the
island, formed ash cones around Funchal, and amgfows in the extreme easiate Stage B6

The various eruptive phases were accompanied byinnesion of numerous dykes and sills. Recent

earthquakes suggest that volcanic activity is ebextinct!

The Igneous Rocks are predominantly alkali-basalad, pyroclastic deposits and dykes, with rarebigab
(coarse-grained) probably sourced from the bastefupper mantle, and formed by partial meltingrantle
material (‘alkali’ refers to the sodium and potassicontent in the feldspars).

The rocks vary from basalt to trachyte and evemlitey (i.e. from ‘basic’ to ‘acid’ and mafic to f&kt) and
include rare ultramafic xenoliths of dunite andritadite derived from depleted ocean lithospheree bmposition
of the original basalt melt is altered on its waythe surface. As it rises and cools, iron richerats crystallise,
e.g. augite, and sink through the melt (they araviee than the melt); this leaves a melt whicheduced in
calcium, iron and magnesium and richer in silicd alkali metals; this process is know as fractimmatThus, it is
possible for three lavas to be extruded to surfee from the original basaltic melt, lava enridhgith augite
phenaocrysts, and alkali enriched lava. In additibere are reactions between the rising magma leanaterial
through which it makes its way to the surface;Hart the hot magma may melt and mix with the basastal
rocks. These additional processes cause wide igsan lava composition.

» Basal Complex B1 is the product of explosive voisan there are pahoehoe lava flows and dyke swaties;

pyroclastic material includes large bombs and seoeirupted from fissures and cones, and volcaeiclas.

e Main Shield-Building Complex B2 and B3 - a fissurene produced volcanic complexes with dyke swarbhe
alternations of lavas and pyroclastic rocks havaugh greater proportion of lava than before. Thakali basalts
include mantle xenoliths. The pyroclastic rockslude agglomerates, scoriae and tuffs, the rockagbebarser-
grained close to the volcanoes and hence the cefittee island. Weathering between volcanic episga®duced
thick red clays and soils (laterites).

* Mature Fissure Eruptive Complex B4 - lavas areritagered with abundant coarse, unconsolidatedecindsh often
enclosing charred cedar wood fragments.

« Late Stage Complex B5 and B6 - minor lava flows pgitbclastic deposits. The lavas include ‘A'a flomsd there
are lava tunnels and small cinder cones. Some®éttivity took place as recently as ~5000 yegrs a

The Sedimentary Rockare predominantly alluvial fan, fluvial, coastaldaaeolian sediments composed of
volcanic rock fragments and particles, a testartetiie extremely rapid erosion of the island. Thisra Miocene
reef limestone, situated over 400m above sea lamahdication of the uplift caused by the mantlene.

The Reef Limestones are highly fossiliferous ptmks and grainstone sediments deposited in a shaka,
with colonial corals (e.gPoriteg, larger ForaminiferaMyogypsina, Heterostegilastromatolites, echinoderms,
Bryozoa, bivalves, gastropods and Ostracoda. Thgedetic cements show a complex burial historylyEar
cementation took place soon after formation (whitstediately below sea level); then, a second cémers
added and stylolites formed (whilst buried sevaraidred metres below sea level, i.e. there waddrixse); then
the limestone was affected by meteoric waters (rigsh water, so elevation above sea level), befming
submerged again in marine water prior to elevatahe present height over 400m above sea level.

Siliciclastic Sedimentary Rocks are intercalatetivieen the volcanics (red Lateritic soils), thagveloped
in a tropical climate between volcanic episodesciviivere often sufficiently long to allow a richuiaa and flora
to be established, even producing lignite. Fogs#sits include laurel, tree heather, fern and cedaiist land
snails and insect remains are found.

At various periods, rapid elevation of the islaidvaed massive and rapid weathering and erosioe. Th
steep slopes allow rapid transport of huge voluafeebris by rivers and by mass flow (landslidés)orm steep
alluvial fans which consist of unsorted materiathAboulders up to 5m across (e.g. in February 2D1®bme fans
show fluvial dissection (incised rivers) and thegiether with raised beaches, indicate periodidtugoastal
beaches are few and far between, but there are aepimn sand dunes. This sedimentary record peevitear
evidence of the ‘pulsing’ of the underlying manpleme, with periodic expansion and contraction f{fpatdue to
volcanic outpouring) causing uplift and subsidence.

Graham Williams

Day 1 — The Sao Lourenco Peninsula: Graham William

Ironically, our visit to the most easterly parttbé volcanic island of Madeira began with mid Risisne
aeolian sand dunes (Figure 1). However, as a prediavhat was to come, the sand consisted entoklolcanic
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debris eroded from nearby basalt and ash. We fowmderous fossils including gastropods (which apgubar
identical to those now living in the grass), plat@ms, and roots preserved as rhizoliths in calcareufa.

Most of the peninsula consists of Miocene Basalc®oic Complex B1. There were fabulous views of
enormous cliffs where thick layers of bright reth and black basalt flows and dykes contrasted apeletrly with
the bright blue of the sky and sea (Miradouro).

Ankaramite lava flows (basalt with large augite stays) with well developed columnar jointing, lava
spatter, laterites, tuffs and agglomerate werevelll exposed (Figure 2).

Occasionally, the basalts showed excellent exangflsgheroidal weathering (Figure 3).

Fi®dRash, tuffs, agglomerates ‘inter-bedded’ withabalava
flows and cut by basalt dykes

gt

Fig.dal in Miocene limestone

y

, Lameiros

iR, . :

Fig. 5. House and road inundated by debris -
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Day 2 — San Vicente Valley and NW Coast; Colin Bigh & Mike Rubra

Our first locality was the Miocene Reef Limestortd_ameiros, which we reached via the Ribeira Brava
river valley going north across the island, inte Bio de Sao Vicente valleyhich enters the sea at Sao Vicente.

These steep sided river valleys (Figure 4) werergntbose which had been devastated by the flaskglo
which swept Madeira in February this year (witnddsg Lyn Linse and reported in the June newsletted many
JCBs and other heavy earth moving machines webe teeen working in the Brava river bed and withia tiny
little side-gorges. The main road traffic in plackgerted onto the river bed where the road, hoasessvehicles,
had been damaged or swept away (Figure 5 - erasiodriragedy on a frightening scale.

Arriving at Lameiros, we walked some 500m up a v&gep road to find a disused quarry. After a sligh
diversion we found the new visitor centre closéh® quarry. However, the entrance was blocked haddces
obscured by landslips. Some folk continued up steps nature reserve that overlooked the main guarile
others investigated a much smaller quarry wherepkssnof reef limestone containing corals (Figurea@y
fractured ooliths were found. Examples of fossé@mens from here are displayed at the Botanicegardhuseum
at Funchal. These quarries are about 475m aboventwsea level, clear evidence of the uplift of teef as the
mantle plume underlying Madeira had periodicalljated and deflated .

The next stop was at Sao Vicente ‘caves’ where eved through the 5m high lava tunnels (Figure 7)
that had formed during a Quaternary eruption, datedl90ka, now at a constant @) many with running water
and small clear pools. Tunnels are formed wherother surfaces of a lava flow chill and ‘freezet beneath the
chilled surface liquid lava continues to flow; heseme tunnels were part filled with ropey lava thatl cooled
within the tubes as the flow ceased and ended.héfe tisited a display of samples of the islandleaoic rocks,
and went on to experience ‘a Journey to the Cerfittiee Earth’ and a clever 3D film.

Fig. 7. Quaternary lava tunnel, Sao Vicente ) FigSéiaIQuaternary lava flow (B5

Next, we looked at the Miocene Basement lavas (®&)lain unconformably by (B3) Pliocene lavas in a
cliff on the east side of the river valley; whila the west side a Quaternary (B5) lava flow tert@dan a sea cliff
formed during higher sea levels. We also had awlistew of the Seixal lava delta to be visite@tat

After lunching under an artistic ‘basalt rocks avigs’ exhibit we travelled along the north coast ai
recently opened tiny cliff road, with natural caashking facilities (waterfalls) to Seixal. At therbaur we were
able to walk on the lava breccia delta (Figurea)ich formed the harbour, to try and interpret wieetit had been
lain down under the sea or not. After much disarssie thought that some of it probably had beerosiégd in
water, one large flow covered by later flows peshap land.

We moved on to our final stop of the day at Ribéiaalanela where in the cliffs opposite a smaliréryd
electric power station we saw multiple lava flowg ty vertical dykes and a basalt plug (Figure It thad
radiating small columnar joints. The (B2) lavas egued to have scoriated surfaces and not the pa@oepey
lava described in the geological guide (Burton &didanald). We returned to our hotel through a raathél cut
in the Quaternary lava flow; one of the most impies features of Madeira is the large number ofl to@nels and
sweeping bridges, built fairly recently to by-péss hazardous old coast roads and speed up istarel.t

Day 3 — Porto Da Cruz; lan Hacker

We left Funchal by bus but returned to the bus ttaptrieve Judith’s bag and passport where stddia
it for safe-keeping. We arrived at Portela, with panoramic view of the coastal lava and ash, alfegedly, an
intrusion. We finally found the exposure with Bdaand ash cut by a steep-sided coarse grainedayaihusion
(Figure 10), slightly over 1m wide, showing contatamorphism at the sides and some onion skinhegag.
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We then went to Porto da Cruz where there were ¢liffs of lake margin sediments and alluvial famsh
cross bedding. There were well-sorted thin horizbsandy/ash deposits. Some beds had larger rowgrded|s
and boulders, possibly mass flow deposits. At tlveel levels we found fossil wood and black vegeeatieposits.
The sediments were topped by a mugearite lava flow.

After lunch we walked around the Cais peninsulee €liffs showed air-fall ash deposits, cross-bedsted
possibly formed in a lake. There were no sag featumder small boulders, so they may have beemdaco
water flow deposits. Dramatically, a layer of muggeacapped the large vertical section of sedimé@rigure 11)
and below them was a basalt layer with ‘poor mapahoehoe (Figure 12) over columnar joint structuhéou
don’t see that very often!

ims, & P 5
Fig /R@or man’s’ Pahoehoe lava, Cais

Fig. 11. Mugearite lava on sediments, Cais

We saw the contact between the lava and sedimeghefuround the peninsula. The tall vertical cldte
had a talus-angled outcrop into the ocean fromntedéf collapses. Further along, three basaltady/lwere seen at
an angle of about 30° to the vertical. At a lowevel, one dyke reduced the angle to about 15°tHmutdykes
seemed to be passing through unconsolidated sedifrégure 13) which was strange, as the straigbarcl
interface would not have occurred, it should hagerbmore diffuse — answers on a postcard pleaseentied
another grand day out at Faial visitor’'s centrehvatcup of tea and views of spectacular columnatijg in a
fine-grained basaltic lava before returning totibeel.
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thd:HasaIts, P. do Sol

Fi. 13.Dyes pasing through unonolidated sedim  Fig. 14. Red lateritic soil contrasts wi

Day 4 — Ribeira Brava To Porto Moniz; Beryl Jarvis

At Ponta do Sol, B2 Pliocene lavas erupted sulalemfter the initial Miocene eruptions had proddc
enough thickness of lava for the island of Mad&ramerge above sea level.

On the SW facing coast, we stopped on the seafibonto do Sol and made for the headland at the
southern end of the beach. At first sight this segtto be a massive, (35m?) thick lava flow. The-finained grey
basalt columns in the cliff face showed that thelhad been very viscous and had cooled quicklykiaround
the headland we could see that the ‘lava flow’ wese complicated than we first thought. The cliffshind the
‘lava flow’ on the landward side consisted of ae®of thinner horizontal lava flows within whidhetre were brick
red laterite horizons (Figure 14).

Laterite is a soil produced by the sub-aerial wesatly of basalt in the tropics. All the silica aalkali
minerals have disappeared in solution (rainwatayihg the mafic minerals, e.g. augite and pyrogetweoxidise
to a brick red colour. It forms at the top surfatea lava flow and the thickness of the depositdagks how long
the area had lain undisturbed to allow such deegihveeing.

We used a particularly thick laterite horizon asarker and saw that it disappeared behind the meassi
lava and emerged on the Ponto do Sol side. Theivedts/a flow' now seemed to be a separate endtyplaced
in front of cliffs. The lavas at the top of therther horizontal flows did not correspond to the snaslavas of the
headland. We therefore decided that the headlamd bave been a discreet plug or lava dome and flotv.

We saw how the lava had cooled as it came up threxgsting cold rocks (Figure 15). The existingditwas
pink and although the contact at the base was hiddder the footpath round the headland, it wableisn places.
Examples were:

e Marginal Breccia (Figure 16) - small pieces of tbemer surface that were broken off and carrieshglby the movement
of the hot magma making a filling in the sandwigtvieen that and the cold basalt;

« Fault Planes - appearing as a series of long fimgoss fractures near the edges in the hot lavallphto the junction
between that and the cold basalt;

» Cooling Joints (large scale fractures radiating thie cooling basalt at right angles to the coofingace.

Fig. 15 (left). Later B2 lava plug intrudes earliava flow.
The flow planes, marginal breccia (enlarged as Fégabove) and
cooling joints are annotated.

FGS Newsletter — October 2010 14



About 25km NE of Ponto da Pargo a portion of th# cl
face had slipped vertically down and spread odbtm a
faja deposit just above sea level (Figure 17). pla@ was
to travel down the cliff face in a cable car, stndythe
Pliocene lavas including pahoehoe lavas, latesitesdyke
swarms in the cliff face as we descended. Howewer
strong smell of hot electrics, brakes and clutchesailed
our nostrils as we peered over the edge of thkiotid the
depths, and a communal sigh of relief could be dhéar
Funchal as we were told that the ‘Teleferique’ was of
action due to maintenance. We could have spenhébé
few hours taking the zigzag footpath down the ¢éffe but
time and stamina were not on our side. Madeiragsaar
much tougher race than we are! We saw more |avesfl
with laterite horizons as we travelled further tpe toast;
in many places they were cut by dykes (Figure 18).

Fig. 17. The Faja from the terrifying ‘Teleferiguegble
carll

Day 5 — The Central Mountains; Derek Jerram

Lesley’s birthday! This field day was to the Paal Serra, where stands Pico Ruivo do Paul, at 1640m
almost the highest pico in Madeira. The journeyrfreea level to almost 5,500ft made the bus anpagsengers
gasp. No main road journey in Madeira can be actishgnl without passing through tunnels - the lohgesng
over 3km, all built with eurodosh. There must beentunnels per square mile on Madeira than anywbkse on
earth. Their construction would have been a gestsgidelight. The Serra was composed of late Plegste and
Holocene lava flows with ash cones, dykes and agglomerates.

Fig. 19. Ash Cone
dyke (on right hand side).

First stop was at a place called Encumeada, omtinth side of the Serra, which, when the cloud
blanketing the north of the island parted momehltagave a view down a valley to the coast. Colamg and
enveloped in many layers of clothes we had no giesire to spend the rest of the day there. Hagkagmined
(through the mist) some lateritic weathering of Bleistocene lavas, refuge was sought in the bhighwook us
through 3 more tunnels to the south side of theaSéw warmth, sunshine and the opportunity toabtisee the
geology. There was an ash cone (Figure 19) threwtgbh the road had been excavated; it had beeteptason
the lava flows. Dykes had cut through the lava thiedash, standing proud after erosion of the sudimg earlier
deposits (Figure 20). The lava flows were spectacul
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Rig. Splendid example of a Spindle Bomb

Fig. 22. A lava tunnel with a éollapsed crest

The view from a high picnic site (Figure 21) islimted to show the drama of the scenery createdhédoy t
Quaternary deposits and their erosion. Furthes siteluded witnessing the effects of magnetite oto@pass
needle, and a lava flow in an eroded river gulleigire 22). This turned out to be a collapsed tabe, the top of
the tube had collapsed, but at the sides of tHew#iere was evidence of the arched top of the.tub

Our last locality was a short climb to the top afaaical hawaiite volcanic plug. Boulders of trasa were
scattered about, but so were large pieces of egglathterial and on top of one was found a spleexinple of a
spindle bomb (Figure 23), inconsistent with thealdow of the hawaiite. Speculation as to what tptdce was
not easy, as admitted. If the speculation was wtbeg so what? To paraphrase Richard Nixon, ieisebto be
wrong than dull. Dull our leaders weren't.

If Janet Catchpole organizes something it mustdmgogy. This time we were taken to a mandolin cdnce
by the local orchestra (thirty musicians with instents ranging from the size of a table-tennistdatvice that of
a double bass). We looked at the geology of thenapns in the church, which appeared to be limestgttebluish
streaks, but that must be another story.

Day 6 — Funchal; Graham Williams

Planned as an investigation of the various lavg®sed around Funchal, to-day turned into a todagt
folk visited the exotic botanic gardens and expldfee town. A small geological museum in the gasdexhibited
fossils from the Miocene limestone and various otbediments scattered around the islands of theelvad
archipelago; there were examples the differentdgaeocks that we had seen, but without the eradipdanations
of Alan Bromley.

This trip was billed as an ‘Exploration’ led by ngysand a great friend, Alan Bromley; | would have
found it impossible without Alan’s vast experierafdgneous rocks, and his great teaching skills, amportantly,
this was one trip where every single participandenan important contribution towards the exploratid the
spectacular basalts of Madeira — thanks go to all.
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