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Among the innumerable mortifications which waylay human arrogance 
on every side may well be reckoned our ignorance of the most common 

objects and effects, a defect of which we become more sensible by 
every attempt to supply it. 

 
Vulgar and inactive minds confound familiarity with knowledge and 

conceive themselves informed of the whole nature of things when they 
are shown their form or told their use; but the specialist, who is not 

content with superficial views, harasses himself with fruitless curiosity, 
and still, as he inquires more, perceives only that he knows less. 

 
Samuel Johnson, in The Idler, November 1758 
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Editorial  
 

 
 
Sadly, I have to record that John Morton, the instigator of this magazine 
and its Editor for seventeen years, died on 22 October this year. Many of 
you, like me, will have fond memories of him. I particularly recall visiting 
him in his 'editorial office', a small upstairs room in his house "Brocken 
Spectre" in Windmill Close. The house name (a halo-like meteorological 
phenomenon) recalled his aviator days, about which he had a fund of 
stories. At that time, his preferred method of assembling material for 
Stonechat was by cutting out columns of print and pasting them, with cut-
out pictures, onto A4 sheets of paper in the correct order for final printing 
as an A5 booklet. This demanded great accuracy, time and patience, but 
resulted in a very presentable and informative series of A5 booklets, 
many including articles he had researched, and always laced with his 
humour. A number of members have contributed their memories to a 
tribute to John: thereôs a link to it on the óClub newsô page of the Club 
website. 
 
Members might also recall Angela Milner, of the Natural History Museum, 
who spoke about the dinosaur origin of birds at a Club meeting in 2006. 
Dr Milner died in August (see page 5). 
 
Happier news: Club meetings are once again taking place at Forest 
School, albeit with masks, open windows and bring-your-own-mugs as 
part of the nationôs battle against the Covid-19 pandemic.  
 
The Club Committee still needs someone to organise our lecture 
programme, to take the load off our Secretary. A lot of help and contact 
details are available to ease you in, so please let Gill know if you think 
you might be able to spare a bit of time to do this job. Itôs vital ï without 
it, there will be no Horsham Geological Field Clubé 

Back 

 
 

Drawing on my fine command of language, I said nothing. 
(Robert Benchley, 1889ï1945) 
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The Lower Bathonian of Dorset and Somerset  
Bob Chandler Report by Peter Webster 

On September 8th, the Club returned to the once-familiar Maths Room of 
Forest School. This was the first lecture of the 2021 Winter Season but, 
significantly, this was also the first indoor meeting since lockdown 
restrictions were imposed in March 2019. Of course, COVID-19 was still 
much in mind and we observed the usual precautions. Masks were in 
use, folk were sitting separated from each other, and the windows were 
wide open! Under the circumstances, there was a good turnout of some 
20+ members. 
 
Turning to Bobôs lecture, he gave an account of the work in which he is 
involved on the Inferior Oolite Formation of the Jurassic. His particular 
focus for this talk were the Bathonian sequences of Dorset and Somerset. 
 
He first reminded us of some of the 
geological definitions that he would be 
using : e.g. ózonesô: these are rock units 
labelled with the name of a zone fossil. 
For clarification, the Jurassic Period is 
a period of time, the Jurassic System is 
a pile of rocks. 
  
Then followed a detailed discussion of 
the Dorset coast between Eype and 
Burton Bradstock. This coast and its 
formations are familiar to many of us, 
the Club having, in the past, made 
various visits to the area. Using a 
sequence of slides, including some 
excellent aerial shots, Bob described in 
detail the succession in that area.  
 
There are some inland exposures still 
available, and these were described for 
the area around Broadwindsor, 
especially at Horn Park Quarry, now an 
SSSI. Horn Park sits midway between 
Broadwindsor and Beaminster and will 
be familiar to many Club members ï 
thereôs an article about it in the Dec 2016 issue of Stonechat (accessible 
via the Club website). 
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Problems with interpretation 
Bob noted that sorting out what stratum a particular fossil, recorded from 
these rocks, is from is far from straightforward. For example, fossils 
evolve over time, different countries often give them different names, and 
there can be different names for the macroconch (male) and microconch 
(female) versions; also, the definitions of the Jurassic Periodôs 
subdivisions is currently under revision. And the features now exposed 
could have been subjected to ócondensationô processes. 
 
Revisions of the descriptions of the formations have been undertaken by 
several geologists. Sidney Buckman (1860-1929) undertook research on 
the Bathonian of the area. He erected numerous new ammonite species 
and made many field descriptions. William Arkell (1904ï1958) wrote a 
monograph on the Bathonian ammonites, and revised many of 
Buckmanôs names. Later, Hugh Torrens (b.1940), revised the zonal 
scheme for the Bathonian Stage of Europe and the correlation of many 
locations to one another. 
 
Condensation 
In a ócondensationô process, material from earlier layers are left behind 
after their erosion, or an entire sequence might have been removed. In 
heterogeneous condensation, the fossils you find in a particular layer 
might have come from that layer or from earlier layers, now wholly or 
partly eroded away; in homogeneous condensation, sedimentation is so 
slow that a thin layer can represent a geologically long time. 
 

We were shown slides of some of the 
significant fossil marker ammonites, for 
example, one bearing a name to conjure 
with, the Upper Bathonian Zigzagiceras.  
 
Bob pointed out that at some locations, he 
and his colleagues had found only 7 
ammonites in four days of searching. At Troll 
Quarry (see Bobôs report in Stonechat, 

December 2020), a slide showed two miserable amorphous ammonites, 
the only ófindsô after much effort. 
 
Bob commented that many archived specimens have ócarved-outô 
centres, the result of over-enthusiastic preparation with hammer, chisel 
and nail ï a caveat familiar to many of us whoôve worked on óimprovingô 
our finds.  
 

Zigzagiceras 



 

 5  

Again the Club is indebted to Bob for starting the winter season for us, 
with a lecture full of details and excellent slides. 
 
The slides were viewed in full splendour on the new magic whiteboard, 
on which the images appear almost by magic, clear and bright. Gone is 
the rickety old-faithful projector with its lash-up of wires. 
 
Postscript: ñOld men forgetò declared Henry V before Agincourt. At the mention of Horn Park, however, 
some memories stirred. In the Clubôs early days, frequent visits were made to Dorset, often lodging at 
The Eype Mouth Hotel. On one such visit, there are credible rumours that certain members of the Club, 
aided and abetted by our distinguished leader, Dr. Ellis Owen, made an unscheduled, unofficial and 
exceedingly early-morning flying visit to the Horn Quarry one Sunday morning. Peter Webster. 

Back 

 

 

Angela Milner (1947ɀ2021) 
by Gordon Judge 

Angela, who died on 13 August this year, aged 73, gave a talk at a Club 
meeting in 2006 entitled óDino-birds: how dinosaurs became birdsô. The 
following is a tribute by her Natural History Museum colleague Paul 
Barrett (reproduced here, with permission, from the Natural History 
Museumôs blog of 19 August 2021). 
 

 
 

Dr Angela Milner (née Girven, b.1947) was one of the most influential 
figures in the field of vertebrate palaeontology, with interests spanning 
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350 million years of Earth history. She spent most of her career at the 
Natural History Museum, London, joining its ranks as a curator in 1976 
and rising through the organization to become Assistant Keeper of 
Palaeontology, a position that she held until retirement in 2009. 
 
A keen early interest in biology led Angela to the University of Newcastle 
upon Tyne to study Zoology, with the aim of becoming a microbiologist. 
However, one of the course lecturers, Alec Panchen, inspired her to enter 
the world of palaeontology, and she went on to study for a PhD under his 
supervision. 
 
At the time, the UK was one of only two major centres for studying the 
origin and early evolution of tetrapods (four-legged vertebrates, including 
amphibians, reptiles and mammals), in part spurred by the abundant 
material found in local coals. Angela was assigned a little-known and 
unusual group called the nectrideans and produced the benchmark study 
on these animals, establishing a reputation as an expert anatomist and 
taxonomist. 
 
She maintained active research on early tetrapods for over four decades, 
often working on these groups in collaboration with her husband ï 
Andrew Milner ï whom she met while they were both postgraduates. 
 
Working at the Museum 
Following her appointment to the museum Angelaôs research programme 
diversified, most notably including the dinosaurs under her curatorial 
care. She became most famous for the naming (with Alan Charig) of the 
bizarre British theropod dinosaur Baryonyx walkeri, a totally unexpected 
discovery, which led The Sun to its immortal headline ñClaw blimey! A 
new dinosaur!ò. 
 
In addition, Angelaôs ornithological interests extended to fossil birds and 
included a major study on the brain structure of the iconic earliest 
bird Archaeopteryx, using CT scanning. The outstanding results of this 
work gave Angela the leverage to lobby single-handedly (and 
successfully) for the Natural History Museum to acquire its own CT 
scanner, having realised that this new technology would be a game-
changer, a prediction that proved more than prescient. 
 
An exceptionally able and pragmatic administrator, Angela oversaw 
several major building renovations and managed a large team of 
researchers and curators, as well as helping with day-to-day running of 
the collections. Unparalleled knowledge of these collections made her 
invaluable to visitors and staff alike: many visiting scholars owe 
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enormous debts of gratitude for the help and hospitality offered during 
their research visits. 
 
A skilled communicator, Angela was the public face of dinosaur research 
at the Museum for many years and the intellectual force and main driver 
behind the Museumôs current Dinosaur Gallery, which is enjoyed by more 
than 3 million visitors every year. 
 
An avid traveller, holidays with Andrew took her in search of wildlife all 
over the globe and she conducted fieldwork during major expeditions to 
the Sahara and China, and was one of the first westerners to be invited 
to work in the latter. 
 
Interests in natural history, gardening and classical music kept Angela 
busy in retirement and she continued to be active in research. 
 
And Dr Susannah Maidment, who gave dinosaur-related talks to the Club 
in 2017 and 2020, said of her: 
 
ñAngela was really important in the Museum for many years. She was not 
only the premier dinosaur researcher but also in a senior position when 
women didn't have those roles in the museum, so for me as a student it 
was really important. 
 
ñShe really inspired me and was incredibly helpful when I joined the 
Museum. She went out of her way to show me the ropes, and that goes 
for me and so many others, including three of us on this paper [about a 
new, small carnivorous dinosaur, Pendraig milnerae, named after 
Angela].ò 

Back 

 

 

The influence of geology on the London 
Underground 
Jonathan Gammon Report by Debbie Brand 

Jonathan Gammon has previously given us an insight into the real-world 
challenges that geology can pose on engineering works in his talk on the 
HS2 railway ground investigation (Stonechat June 2016). In October he 
returned with a talk about how Londonôs geology has influenced the 
development of its Underground network. 
 
Looking beneath 
The main layers found beneath London consist of the following: 
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Á óMade groundô/Alluvium/river terrace deposits 
Á London Clay 
Á Lambeth Group (previously known as the Woolwich & Reading Beds) 
Á Thanet Sand 
Á Chalk 
Research in the London 
Basin has revealed 
more faults and complex 
structures in and above 
the Chalk than initially 
thought, influencing the 
geology above and 
hence any underground 
engineering work. There 
is also a very complex 
water table, which, after 
a long history of water extractions from the Chalk, has generated a ónon-
hydrostaticô profile (see diagram above). But it is now rising, and even 
today it is necessary to maintain the water pressure at a certain level by 
periodic water extractions. 
 

The London Clay is a key 
deposit from a tunnellerôs 
perspective; this blue to 
greyish brown material with 
a consistency similar to 
plasticine was found early 
on to be ideal for supporting 
underground engineering 
works. However, south of 
the Thames the geological 
map (left) shows less clay, 

and more complex geology, limiting the early development of the 
Underground network. 
 
Going Underground 
The Victorian era saw great expansion of the railway networks, with many 
new lines reaching the capital from 1836 onwards. However, these 
terminals were all some distance away from one another, necessitating 
travel between them. London was already a large, complex and growing 
city with tram networks and busy roads which made above-ground rail 
connections impractical ï hence the solution to go underground. 
 

London Clay 

Thanet Sand 

Chalk 

Lambeth Group 

Rotherhithe tunnel 
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The London Underground was the worldôs first underground railway, at a 
time when train travel was by steam locomotives and wooden carriages. 
The first length of line opened in January 1863 between Paddington and 
Farringdon, then the Metropolitan District Railway from 1868 to 1884 
developing into the Circle line.  
 
Cut and cover 
The earliest tunnels were built using a 
cut and cover technique: essentially 
digging a trench down from the 
surface, constructing the brick tunnel 
and filling back in. Stations were built 
using the same method. This caused 
a lot of disruption at the surface, 
sometimes requiring the demolition of 
buildings and diversion of traffic or 
even temporary support of tram routes over the top of the open trenches. 
In total around 20 miles of tunnels were constructed using the cut and 
cover technique. These early sections were necessarily at quite shallow 
depths. 
 
Tunnelling with Shields 
The technique of tunnelling in a tube through the ground was developed 
by the 1870s but first became safe in the late 1880s. The change from 
steam locomotive to electric power in 1890 also made it more practical. 
The Thames Tunnel at Rotherhithe 
was the worldôs first tunnel going 
beneath a river, developed by father 
and son Marc and Isambard Brunel. 
Started in 1825, it was initially 
designed as a means of transporting 
goods more efficiently across the 
Thames, avoiding the congestion 
caused by ships and bridges. It was 
finished in 1843, becoming integrated 
with the Underground rail network in 1869. (Since 2010 it has been part 
of the overground network). The tunnel is 366 m long and sits at a very 
shallow depth, just 5 metres below the river bed - nowadays bored 
tunnels are generally no shallower than 1ï1.5 times their diameter below 
the surface. Needless to say, there were several inundations of water 
during construction. 

The tunnelôs Wapping exit in 1870 

Cut and cover near Kings Cross 
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The technique used to create the 
tunnel was a rectangular shield, 
developed by Brunel, consisting of 
a set of cast iron frames, allowing 
material to be dug out ahead, and 
then being pushed forward; the 
main brick structure built behind as 
they went along. Progress was 
made at a rate of 3 to 4 metres a 
week. A geological map shows that 

the tunnel appears to be right on the edge of the London Clay - the shield 
technique was only suitable for areas of low permeability such as the 
London Clay, and not in sands, gravel or where there is a water risk. 
 
In 1840 a circular shield design was proposed, which gave more stability 
and allowed the diameter of the tunnel to be increased. This idea was 
developed through to 1870, when James Henry Greathead patented his 
design, which was used on the Northern line in 1884, then to construct 
Bank station in 1886. 
 
Tunnel boring machines 
Invented in 1863, with an improved design coming in 1875 from Major 
Frederick Edward Blackett Beaumont, a tunnel boring machine (TBM) 
was first used for a railway ventilation tunnel under the Mersey from 

Brunelôs tunnelling shield (right) 

óHelenô, one of the two TBMs used in the Northern Line Extension 
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Liverpool to Birkenhead in 1883. A TBM is a rotating cutting wheel 
supported by bearings and a thrust system, followed by various support 
mechanisms providing power, applying linings and removing the spoil. 
Modern machines contain more automating technology for monitoring 
and feedback and so reduce the need for people to be at the dangerous 
end. 
 
But forward pressure must be maintained, so an óEarth Pressure Balance 
TBMô can monitor this and push extra material ahead of the cutter, 
varying its pressure and speed. These are large and expensive pieces of 
equipment, and can quite literally dig themselves into a hole, sometimes 
necessitating abandoning them under the ground once they have finished 
their job, where removing them is practically impossible. 
 
These machines allow tunnels to be bored through a wide range of 
materials, including rock and water-bearing ground, and have a rate of 
progress of around 20 m a day. They can also install the tunnel lining as 
they go, using concrete segments reinforced with steel. 
 
Sprayed concrete lining 
Formerly known as 
the New Austrian 
Tunnelling Method 
(NATM), a sprayed 
concrete lining is a 
modern technique of 
spraying an 
excavated cavity 
with a layer of 
concrete, usually 
around 150 mm 
thick. This allows complex shapes to be constructed and has the 
advantage of being suitable for mixed ground as stability can be 
maintained by working incrementally, and also for areas where a TBM is 
not practical. It is often used to create cross passages between tunnels 
and also shafts, for safety, ventilation or movement of equipment. 
 
Out of the Clay 
Comparing maps of Londonôs Underground network from the early 20th 
century with todayôs network, it is clear that there is still not much 
underground rail coverage south of the river, but new techniques have 
allowed some extensions. In the early days the Northern line down to 
Morden was the only significant branch south of the river and out of the 
London Clay; this was made using the cut and cover technique along the 
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length of the old Roman road that today forms the A3. Cut and cover is 
still in use today for the construction of stations, where surface conditions 
allow; new construction methods mean less surface area needs to be 
opened up. 
 
Geological hazards 
Utilities, such as cables and pipes, are now more of a problem when 
planning tunnels today, as well as foundations of buildings and piles of 
other structures. Although engineers can probe ahead using geophysical 
techniques such as ground penetrating radar, detailed geological 
mapping and cross sections allow other geological hazards to be 
anticipated, such as drift-filled hollows ï these are being found in several 
places across London, including near the Northern line extension (see 
below) and are probably features from the glacial period, where the 
surface of the clay was eroded by water discharge, then filled in. Another 
hazard sometimes found while excavating is ógreen rustô, found in the 
Lambeth group (Upnor formation), which, once exposed to the air, draws 
out the oxygen, creating dangerous hypertoxic conditions. 
 
Recent works 
Development of the Underground south of the Thames continues today 
with projects such as the Jubilee Line extension, which opened at the end 
of 1999, and the recently opened Northern Line extension from 
Kennington to Battersea Power Station. (Jonathan was an expert witness 
for the public inquiry as to whether the Northern line project could go 
ahead). A geological cross-section of the Northern line shows that, 
towards its eastern end, the tunnel goes below the Clay into the Lambeth 
group ï hence the need for an Earth Pressure Balance TBM. However, 
in other places local noise issues meant that it was not always possible 
to use a TBM, so sprayed concrete lining was used instead. The stations 
were formed by the cut and cover technique. 
 
Another project Jonathan has been involved in was Crossrail ï this 
consists of 21 km of ótwin boreô tunnels, formed with TBMs. For this 
project ground movements were monitored by satellite (INSAR; for more 
information on this as a monitoring technology see Stonechat December 
2019, page 25); this showed surface movements of just a few millimetres. 
The stations were built by enlarging the tunnels and spraying a concrete 
lining; cut and cover not being suitable as they were too big. On both the 
Jubilee line and the Crossrail projects the stations needed to be 
óanchoredô with concrete blocks ï their modern, lighter, more open design 
meant that they would have tended to move or ófloatô in the looser and 
water-bearing ground. 
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Jonathan then concluded his talk with a look at future developments from 
TfL, including Crossrail 2, which will go from Epsom to North-east 
London, the Barking to Riverside extension (nearing completion), the 
West London Orbital, and the Bakerloo Line Extension. 
 
Postscript: Where did all the spoil go? 
Tunnelling inevitably generates a lot of excavated material, which has to 
go somewhere. Answering a later question from Beryl, Jonathan revealed 
where the various ósomewheresô were: 

¶ Northern Line extension ï to landfill near Tilbury Power Station 

¶ Jubilee Line extension, and possibly the Channel rail link (HS1) too ï 
to raise ground level in the Stratford area 

¶ Crossrail ï to create a new nature reserve on Wallasea Island on the 
River Crouch, north of the Thames Estuary. 

 
After several years in Hong Kong and New Zealand, Jonathan became 
Technical Director of Tunnelling and Earth Engineering at CH2M Hill and 
Head of Ground Investigations at HS2 Ltd. He has advised on the design 
of the Dublin Metro, Crossrail, HS2 (Phase 1), Thameslink, and on 
upgrades to the London Underground. He is now a non-executive 
director and advisor at Surrey-based Geotechnical Observations, leader 
of a Working Group of the Association of Geotechnical and 
Geoenvironmental Specialists ï and a Club member. 

Back 

 
 

 
ñI've always found the wisest and safest plans go straight in the 
direction that you believe to be right, and to plan without fear or 

compromise.ò 
 

Isambard Kingdom Brunel 
 

 
 
The 3.2 km offshoot of the London Undergroundôs Northern Line from 
Battersea Power Station to Kennington was completed in September 
2021, thanks to the round-the-clock efforts of two huge tunnel boring 
machines (TBMs). They were given the names Amy and Helen after the 
aviation pioneer Amy Johnson and the first British astronaut, Helen 
Sharman. Amy knew that some of the TBMs used elsewhere had simply 
been driven off-track into a dead-end of their own making when their work 
had been finished, and she worried that this might happen to her and 
Helen. So, as she tunnelled her way towards Kennington, she hatched a 
survival plan, just in caseé 
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Amyôs lament 
by Gordon Judge 

ñIf you think your life is boring, it canôt compete with mine: 
Iôm down here carving tunnels to extend the Northern line, 
And itôs boring, boring, boring every hour of the day. 
There is no going back ï this trip is just one-way. 
I have a sister, Helen, who has suffered the same fate; 
She is boring next to me at a very similar rate. 
 
ñMy owners called me Amy, after Amy Johnson, who 
In the early 1900s, took to the skies and flew 
Distances so lengthy that I cannot comprehend. 
But, sad to say, her exploits met a very sticky end: 
In Herne Bayôs wintry waters, poor Amyôs plane was downed 
And, despite attempts to rescue her, the aviator drowned. 
 
ñHer bodyôs not recovered ï will her fate now be mine? 
Will I be left, with Helen, in the extended Northern Line, 
In London Clay entombed, with no blue memorial plaque? 
If thatôs the case, weôll show them how we TBMs strike back: 
With strategies and tactics we will plan out finest hour, 
And bide our time, absorbing geothermal power. 
 
ñWhen fully charged, weôll come to life and once more start to bore 
With new-found energy and drive, more eager than before, 
Weôll tunnel through the clay, oh how weôll dig and cut and scrape, 
And so, to everyoneôs surprise, make good our Great Escape! 
Weôll be in all the papers, social media and TV, 
And best of all, we TBMs will once again be free!ò 
 
(In fact her futureôs brighter and rather more benign, 
For plans had been made to take her apart at the end of the Northern 

Line. 
Her cutter head would be removed and lifted out by crane, 
While all her other body parts would travel back again 
Along the very tunnel that she and Helen bored 
And lifted out at Battersea ï their tunnelling reward!) 

Back 

 
 

 
Change is the only constant. 

(Heraclitus) 
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Geological map of the Moon 
Gordon Judge 

If you want to take your geology to new heights, how about the Moon? A 
team of researchers from the US Geological Survey (USGS), the Lunar 
and Planetary Institute and the South Dakota School of Mines and 
Technology has released a ñseamless, globally consistentò, 1:5,000,000-
scale map of the Moonôs geology. 
 

 
This new digital map, called the Unified Geologic Map of the Moon, ñwill 
serve as the definitive blueprint of the Moonôs surface geology for future 
human missions and will be invaluable for the international scientific 
community, educators and the general publicò. 
 

 
How the map was made 
Dr Corey Fortezzo, a geologist at the USGS, and colleagues combined 
information from six Apollo-era1 regional maps of the Moon, elevation 

Geological map of the Moonôs near side (left) and far side (right) 

The map in Mercatorôs projection 


























