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NOTES
Attention is called to the following :
(1) At the last two lectures of each session notice shall be given of the date
by which nominations for the various offices and for the Council must
be sent in. Immediately after that date a list of such nominations
together with a notice of the date, time and place of the Annual Meeting
shall be sent to each member. (Rule VI.)
For the Session 1968-9 the date referred to above has been fixed
as 1st April 1969.

(2) At the Annual Meeting held on 8th May 1967 it was decided that as
from September 1968 Associates should not receive Transactions free
of charge, but should be entitled to purchase them for 7s. 6d. a copy.

ADDRESS BY THE PRESIDENT
l\f. L. MILLARD, M.B., CH.B.

at the Opening Meeting on 2nd October 1967
My Lord Mayor, Lady Mayoress, my Lord Bishop, Ladies and Gentlemen:
I should like to express to you all my deep appreciation of being invited by
your Council to become President of this august Society, now 132 years old,
of which my father was President exactly fifty years ago.
On looking through the long line of my predecessors in this office I
cannot help but be filled with humility and considerable trepidation, but can
only say that I will do my best to maintain the standard the Society deserves.
Now I am neither a student of philosophy nor, still less, of the Literary
Arts, but I take refuge in the thought that 'science' on which medicine is
based, was of old alluded to as 'Natural Philosophy'. Moreover my theme
this evening involves human relationships and the purpose of Moral
Philosophy, which I take to be the promotion of harmonious human relationships. In any event the President has carte blanche to choose any subject
he likes!
My predecessors have usually chosen for the content of their addresses
a subject pertaining either to their professions or to their hobbies. I am a
general practitioner (or family doctor, if you prefer) and I propose offering
you a few thoughts on "The Changing Role of the Family Doctor". I have
been a family doctor for 40 years, and this, I like to think, provides me with
a subject I know something about, and will, I hope, be of some interest to
my hearers.
The last time this Society had a family doctor as President appears to
have been in 1933 when the late Dr. Spriggs spoke on the Scientific Evolution
of Medicine, from its Greek origins derived from Hippocrates, Socrates and
Galen, through the dark ages of superstition, magic and pseudo-science, to
the resurgence of the scientific method in the nineteenth and twentieth centuries.
Later, in 1949, you were addressed by my respected colleague on the
Council, Dr. Tanner, who started his professional life in Leicester as a G.P.
but later rose to the higher sphere of consultant physician. His subject was
the 'History of Preventive Medicine'.
At the outset I would like to stress that Medicine is, as Sir William Osler
called it, an 'Art based on Science', and general practice could be described
as the art of applying medical science to the needs of the common man.
This has always been especially true, I suspect, in the handling of patients by
the "doctor of first contact" (to use a rather cumbersome contemporary
American phrase). How otherwise would the doctor have acquired the
'mystique', the prestige, which seems to have been his privilege ever since
the Hippocratic tradition was established around 400 B.C. Hippocrates, the
Father of Medicine, linked Science and Art with Ethics, and the reputation
of the physician has always depended on the combination of these three
disciplines.
It may be of interest to summarise very briefly the evolution of the
family doctor in this country. It has always been (up till now) an established
principle that a patient should have the right of free choice of doctor or
'healer', whether qualified or unqualified, hence the term "personal" or
"family" doctor.
5
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The College (later Royal College) of Physicians had existed since the
time of Henry VITI, but was a small exclusive body limited to graduates
of Oxford and Cambridge and in no way met the needs of the common man,
who turned to the "barber-surgeons" and "apothecaries", (the latter roughly
corresponding to our present-day chemists and herbalists). The "barbersurgeons", who had a guild of their own for 200 years, apparently combined
hair-dressing activities with minor surgical procedures, first-aid dressings,
etc., but had no legal medical status, except in so far as they might be acting
under the instructions of a qualified physician. They were, however, the precursors of the pure surgeons, and the barber's pole is a symbolic relic of their
craft-presumably a blood-stained bandage wrapped round a wounded
finger!
In 1632 the physicians obtained an order forbidding apothecaries prescribing medicines, but during the Great Plague the physicians scuttled off
while the apothecaries stuck to their posts (i.e. their shops) and continued to
visit the sick in their homes. This enhanced their standing in the eyes of
the public, and they subsequently established their legal right to treat the
sick. There were thus three recognised grades of practitioners by the dawn
of the nineteenth century, physicians, surgeons (now divested of the old
barber-surgeons) and apothecaries, who were really the family doctors of
that day; but there was also a host of unqualified 'quacks'.
In 1858 the first Medical Act was passed, establishing (a) The Medical
Register of fully-qualified practitioners, and (b) the General Medical Council,
whose charge it was to prescribe and maintain standards of medical education and to issue licences to practice, and also to act as a disciplinary body
over the profession itself. Until 1891 the education of a doctor began with
a period of apprenticeship to a family doctor, and my father was one of the
last to have the benefit of this valuable early introduction to medicine, before
going up to Edinburgh University.
During my professional lifetime I have detected a change in the role,
or is it the image, of the family doctor in this country. Many of you will
know the painting in the Tate Gallery, 'The Doctor', painted in 1891 by
Sir Luke Fildes. There is depicted a grave but kindly physician sitting at
the bedside of a sick child, chin cupped in hand, waiting anxiously for the
'crisis' in pneumonia (one may assume), a condition rarely seen today. There
is, I think, implicit in this picture all that was best in the family doctor of
those days; one who could be relied upon, with patience and courtesy, to
devote to his patients his time, sympathy and clinical experience, at any
time of day or night.
What was the popular image of a family doctor at that time? It was of
someone not merely technically competent, not merely kind, but of one who
could recognise the mysterious personal uniqueness of every patient, in
addition to his physical problem. He combined a pastoral with a technical
role. He was also expected to adopt an omniscient bed-side manner, and
this was sedulously fostered by the doctor as part of his therapeutic armamentarium towards a lay public to whom the workings of the human body, and
the world of medicine as a whole, were virtually a closed book.
This "doctor-patient" relationship envisaged the doctor as a kind of
"father-figure" enjoying a position of prestige and respect in the community
which on the one hand justified the highest possible fees from those who
could afford them, and on the other hand free or "token-free" services for
those who could not. He thus acquired a reputation for sagacity and service
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unequalled by any, with the possible exception of the local squire and parson.
In the game of life this meant permanent "One-up-manship" for the doctor
irrespective of his economic status in the community. Moreover the doctor
had a cultural and educational background, usually backed by an arts degree,
which preceded his purely medical education, and this, in my opinion, made
it easier for him, than for his prototype today, to cultivate the "Gentle Art
of Medicine".
Until roughly the end of the first decade of this century the family
physician was not only the "doctor of first contact", he, as often as not, saw
his patients through a1J their major crises and illnesses from "womb to tomb",
(a truer concept than "cradle to grave"), in their own homes or in hospital,
relying entirely on his own skill and experience, without the aid of specialist
or consultant services; these were more or less non-existent (at least in the
provinces) except in so far as certain G.P.s, by outstanding ability or personality succeeded in obtaining an appointment on the local voluntary hospital and thereby acquired consultant status.
In 1911 Lloyd George introduced his National Health Insurance Act
which provided compulsory health insurance for all workers under a certain
income-but not for their dependents. This, like the N.H.S. Act of 1948,
which was the outcome of the Beveridge Report produced during World War
II, was, I believe, a pioneer piece of legislation for the whole world. This
reform was vigorously resisted by the G.P.s of the day, partly from motives
of self-interest, but also from the fear that the quality of medical care would
decline.
World War I stimulated many advances in medicine, and more especially
surgery, and between the wars these advances encouraged the brighter
students and those who could afford to continue their Post-Graduate studies
for a few years before settling down, to pursue specialities where financial
rewards would ultimately be considerably greater than in general practice.
World War II accelerated scientific advances in many fields, not the
least in medicine, and with the discoveries from many scientific disciplines,
specialisation proliferated.
•
In 1948 the National Health Service Act extended the benefits of the
19n Act to everybody irrespective of income, and moreover made specialist
and hospital care free for all at the time of need-that, at least, was the
intention. It became obvious that the G.P. could no longer single-handed
provide for his patients full and adequate investigation, diagnosis and treatment and he became more and more a "sorter-out" of signs and symptoms,
and a "sign-post" to the appropriate specialist or hospital out-patients department. At the same time the demands on his services increased, there
being now no financial barrier, and, particularly in the great industrial areas,
where the increasing population was not being matched by an equivalent
increase in practicing doctors, he found himself severely harrassed and overworked. (It is only fair to add however, as my own experience can testify,
that the introduction of antibiotics made the G.P.'s task in many fields much
easier and more rewarding, and greatly reduced the strain and anxiety of
therapeutic practice).
Many G.P.s felt that this situation was creating an image in the public
mind of a hierarchy of first-class doctors to whom you were inevitably directed
if you were really ill, and a second-class type of doctor (the panel doctor)
who would cope with your minor complaints, give you free prescriptions
for anything from aspirins to trusses, sign your sick certificates, and attest

8

LEICESTER LITERARY AND PHILOSOPHICAL SOCIETY

your passport photos, etc. This apparent loss of status was aggravated in
the eyes of many doctors by the contract system of remuneration which they
felt tended to stifle enthusiasm and initiative and lay themselves open to
intolerable demands from an increasingly health-conscious community.
This state of affairs has resulted in crowded surgeries and rapid patient
turn-over in the consulting-room. I heard of a doctor who, at the end of a
particularly heavy session, was confronted by a lady, arriving late, wishing
to book him for her forthcoming confinement. He was tired and irritable:
to hell with bedside manner l "Get your clothes off, get on the couch and get
a move on: hurry now." He then took a rubber date-stamp from his desk,
plonked it on her abdomen and said "When you can read that date, then you
come and see me again l" That story may be apocryphal, but it helps to
explain why the doctor-patient relationship has deteriorated, or at least
changed, over recent years. The G.P.s, conscious of their declining status
in an increasingly affluent society, became involved in undignified and overpublicised squabbles with the Ministry of Health over remuneration and
terms of service and this has tended to tarnish the image still further.
Since Dr. Spriggs addressed the Society in 1933 scientific medicine
has advanced enormously thanks to the discoveries and researches of many
sciences not necessarily even ancillary to medicine itself. The result of this
has been that the diagnosis and treatment of disease has inevitably shifted
from the family doctor to the hospital or specialist units, where alone are to
be found the requisite facilities and equipment. Moreover the public are
now, through education and mass media, much more knowledgeable about
health and disease, and rightly expect full and thorough investigation of
their complaints.
The G.P. who is still, in this country, the "doctor of first contact",
therefore tends to become, as I have said, a "sign-post" to the appropriate
hospital department, and there has developed an increasing emphasis on
the functions and importance of the specialist or consultant to the detriment
of the G.P. It has even been seriously suggested in certain quarters that
the family doctor is now an anachronism and is dying on his feet-in some
cases literally true!
With the increase of knowledge specialised investigations and procedures have proliferated and there are now no fewer than 26 higher diplomas
which doctors can obtain after qualification, enabling them to rank as a
specialist or consultant in these sometimes somewhat narrow and ratified
fields.
In America the situation has reached the stage where a G.P. has so
little status professionally that he has almost ceased to exist, and all doctors
with ambition now call themselves specialists or "specialoids" of some sort
or another.
It is certainly true that much of a G.P.•s· work could be done by a nurse,
social worker, secretary or lay psychologist Can this be the root cause of
the frustration and discontent of so many young doctors, who after, say,
seven years of hospital training in the highly sophisticated techniques of
modem medicine, find themselves in general practice, divorced from hospitals, coping with the trivia of day-to-day family ailments, without the time
or the facilities for putting their newly-acquired skills to practical use?
After all, they cannot all become specialists! Is this why they emigrate? It
would be dishonest to pretend that the "brain-drain" in medicine, as in other
professions, has nothing to do with financial rewards which, admittedly, are
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high in the U.S.A. and some parts of the Commonwealth; but there are
certainly other factors to be taken into account.
Be that as it may, the fact is that with our steadily increasing population,
the family doctor is in short supply and there is therefore a growing tendency
to pool medical resources and for doctors to practice in groups or from health
centres. The government is in favour of this development; and health
centres, giving community care, staffed by groups of doctors working in
modern, purpose-designed premises, with full ancillary aids such as receptionists, nurses and secretaries, will become a fact of life during the coming

years:in these centres, or poly-clinics (which are already widely established
in the States, in Sweden and U.S.S.R.) the "doctors of first contact" (i.e. the
G.P.s) see their patients by appointment and much of the trivia is creamed
off by the ancillary helpers. They (the doctors) therefore have the time, the
equipment and the diagnostic and nursing aids to do good practical basic
medicine and minor surgery, and to refer the rest to the appropriate hospital department or consultant. The doctors work on a rota system.
Domiciliary visitations are reduced to a minimum. This latter circumstance
may be a retrograde step. I think it will be a great pity if domiciliary visitation by the family doctor has to be abandoned except in dire necessity, e.g.
the aged. It is impossible to comprehend the needs and stresses in one's
patients' lives unless one sees for oneself the circumstances of their home
environment and the psychological and behavioural interplay of the members
of the household.
Does this envisage the disappearance in this country of the family
doctor, practising, often single handed, from his own consulting-room,
usually in his own house, and visiting his patients in their own homes when
requested, day or night? I think it does. In the American Continent he has
practically disappeared. But the interesting thing is that there he is being
missed and is wanted back I Why? Because the practice of medicine never
has been, and never will be, purely a science. Human beings are not just
highly complex machines which can be investigated, diagnosed and treated
by computer methods; every patient is unique, every doctor is unique, and it
is the inter-play of the two personalities which ideally make up the so-called
"doctor-patient relationship". This relationship is therefore itself unique
and depends for its value on wisdom and experience of life in both parties,
but especially of course in the doctor, whose training and special knowledge
of the "whole man" should equip him (in the words of an eighteenth-century
doctor) "to cure sometimes, to relieve often, to comfort always". There is a
story of a woman caretaker at the Royal College of Physicians in Lord
Dawson of Peon's day; When her panel doctor jokingly asked her why she
came to him when surrounded by so many high-powered doctors all day,
replied: "Oh well, I want a curing doctor" l I think caring might be substituted for curing; perhaps that is what she meant I
We owe an enormous debt to the research-workers and scientists who
have enabled the medical clinician and technologist to relieve so much
suffering and conquer so many diseases during even the short span of my
own professional life, but there remains a wide field of physical and mental
distress which can best, if not only, be relieved by an experienced and
sympathtic personal physician, and that is why our American and Canadian
friends want him back; they cannot all afford the luxury of a pet psychiatrist I
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There is no reason theoretically why a good doctor-patient relationship
should not be established in a health centre any more than in private practice.
But we live in a materialistic and mechanistic age and the medical profession
is in danger of becoming so involved with the scientific, political and worldly
aspects of its calling that it may lose sight of the Gentle Art.
Perhaps I may digress for a moment here, to refer to "bedside manner".
A good G.P. must, I think, always be sincere and honest with his patients
but his honesty must be blended ~ith sufficient subtlety and imagination to
meet the requirements of each inclividual case-this is "bed-side manner",
and in my opinion can only be acquired by experience blended with compassion.
I have often felt that in all medico-political deliberations there should
be an empty chair marked "potential patient", lest the patients' interests and
feelings be forgotten or sub-ordinated. (For this reason I welcome the
appearance of an organisation called "The Patients' Association", and the
recently published book: "Sans Everything". Such "watch-dogs" can serve
a useful purpose I).
I have referred to a large field of human suffering where hospitals and
specialist facilities are not the answer, but where an experienced and sympathetic G.P. can function better. Some would say that an experienced
and sympathetic nurse, social worker or priest could do this equally well,
and that they should be the "first-contact" consultants. The answer, of
course, is that the doctor's long training enables him to be the best "sorterout" of signs and symptoms in the first place, and, further, the lay public,
even in these sophisticated days, still endows the doctor with certain quasimagical powers which are denied to other professions-we are still in sooth
partly "witch-doctors" I
I would like to specify other important roles for the G.P. He alone can
sometimes protect his patients from unnecessary, uncomfortable and sometimes potentially risky procedures undertaken or suggested by certain young
and enthusiastic academically-minded or technically obsessed consultants;
he alone can protect his more naive patients from wasting their time and
money on foolish charlatanry, or even from the blandishments of Harley
Street I He alone is in a position to understand the personality and character
of the real man behind the public mask of his patient and often the better
able, therefore, to diagnose and treat the malady. He alone can help in the
best way he can to alleviate the distress of dying-if distress there be. Finally
he can, and should, take his stand in facing up to the many ethical and moral
issues which confront Society and the medical profession at the present
time, e.g. abortion law reform, sexual behaviour, the drugs problem, the
indefinite prolongation of life in serious brain injury (e.g. after road accidents), when and who to resuscitate, voluntary euthanasia for the dying, the
grafting or transplantation of organs from living or dead donors in certain
contingencies, the use or mis-use of artificial kideys, etc., and, of course, he
has a vital part to play in preventive medicine, and the promotion of positive
health.
Can the family doctor be discarded, or be replaced by a less personal
but possibly more scientifically competent medical officer in a hospital or
poly-clinic? Has his role as 'guide, philosopher and friend' become
irrelevant? I can only say that the medical schools are very much aware that
personal medical care in the old tradition is still vitally important and that
"general practice" must continue, and indeed is a speciality in its own right
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(some would say the most important specialty of all) and it is of interest
that one university at least, in Scotland (Edinburgh) has now established a
professorial chair of general practice. The College of General Practitioners
was founded in r952 to promote higher standards of general practice.
In Leicester, post-graduate refresher courses for G.P.s and, more
recently, regular post-graduate training sessions for all doctors, whether
working in or out of hospital, have become a regular feature of our local
professional life. Already work has started on a fine new post-graduate
centre attached to the Leicester Royal Infirmary which will soon extend these
post-graduate facilities and bring specialists and G.P.s closer together in
their combined work for the community, together with dentists, pharmacists
and veterinary surgeons.
I see among the younger generation, and in the student bodies, a great
fund of goodwill and idealism which is unfortunately liable to be obscured
by the more news-worthy vagaries of a minority, and it is my hope and belief
that this will brush off on to the young medicos of tomorrow, and, that they
will maintain the old Hippocratic tradition. Our National Health Service,
which has come to stay, could be our greatest ever social achievement, and
the envy of the whole world, if only everybody would play the game. But,
alas, we are not an idealist society I
What of the future? For the more economical deployment of medical
man-power and facilities it seems certain, as I said, that G.P.s working together in groups or health centres, with all ancillary services made available,
will become the pattern of general practice. This process has already started,
and in spite of misgivings and many points of disagreement among doctors
themselves, this should provide a more efficient and up-to-date service for
the public. Whether this kind of family doctoring can retain the highest
ideals of medicine as an art as well as a science, and at the same time avoid
·the impersonal features of some (not all) hospital out-patients departments,
will depend on the mutual co-operation and goodwill of governments, doctors
and patients.
So far as the essential pre-requisites of sympathy and empathy between
patient and "doctor of first contact" (i.e. the family doctor) are concerned, I
am greatly encouraged by a recent series of articles by two family doctors,
working in a modern group practice, where they emphasise the vital need of
the patient to be helped with their so-called "trivial" complaints (which so
frequently mark or presage more serious trouble) in a skilled and sympathetic
way, and that a fully-trained doctor is still the person best able to fulfil this
task.
The College of General Practitioners and the medical schools (e.g. the
two new schools at Keele and Nottingham) are now aware that post-graduate
vocational training for general practice, as is already being done in Jugoslavia,
Czechoslovakia, Israel and Russia, will be essential for the future conduct of
family doctoring on the highest level-that is to say on equal terms with the
hospital and specialist services; otherwise the best young doctors will continue to be lost to general practice and community care. To achieve this
goal a hefty financial shot in the arm of the N.H.S. will need to be provided
by the Treasury, and here, of course, it is in competition with the other
social services. It becomes a matter of priorities, but the country must be
prepared to pay for the benefits of modern medicine.
I entitled this address 'The Changing Role of the Family Doctor'. It
occurs to me that perhaps there is no need for it to change. At its best the
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doctor-patient relationship has always depended on mutual trust, the knowledge that the confidences of the consulting room are as inviolate as the
confessional, the ready availability of the most up-to-date means of healing,
and the capacity of the doctor to have the time, patience and sympathy to
put himself in his patients' shoes, no matter how bizarre, irrational or trivial
their complaints may be.
Perhaps it is the "image" rather than the "role" of the family doctor
that changes.
I referred to Fildes's late nineteenth century painting of "The Doctor",
depicted with virtually only his clinical instinct to help him-where the best
available treatment was frequently 'masterly inactivity', and being careful
not to embarrass the Vis Medicatrix Naturae (Nature's healing power). Since
that date, particularly during the past 20 years, Medical Science has enormously increased our armamentariam against disease and physical sufferingindeed it has extended the span of human life-yet the medical profession
must never lose the Gentle Art of Healing and Comforting or we shall
forfeit the right to be called "Gentlemen".
A word of warning. Much as we owe to the scientists-please beware
of them I I recently saw an amusing but horrifying cartoon of a G.P. sitting
in his consulting-room in front of an elaborate control panel, like an organ
console, with an electronic computer by his side. The patient recounts his
symptoms, the doctor elicits the signs, then pushes and pulls the relative
buttons and knobs, the computer whirrs and, heigh-presto, out comes the
diagnosis and applicable treatment-all in a matter of seconds I Unfortunately the patient, feeling no better, was saying to the "doctor" (inverted
commas!) "I wish to change my computer". This may well be the pattern
of the medicine of Orwell's "1984"; I shall have retired from the scene!

REPORT OF THE COUNCIL
The programme of the Session 1967-68, which was carried out as
announced, was as follows :
1967
October 2. Opening Meeting-Address by the President (followed by a
Social Gathering).
October 16. Dr. R. J. Adie (Deputy Director, British Antarctic Survey).
Scientific Exploration in Antarctica (with slides) (in conjunction with
the Geological Section).
October 30. Donald McGavin, M.Ch., F.R.C.S. (Surgeon to the Leicester
Royal Infirmary). Medical Journey to Russia (with slides).
November 13. Elizabeth Hemelryk, F.R.G.S. (Traveller and Photographer). South to the Sahara (with slides).
November 27. W. H. G. Armytage, M.A. (Professor of Education, Sheffield University). German Influence on British Education in the
Eighteenth and Nineteenth Centuries.
December 18. Howard Sergeant (Editor of Outposts). Poetry of the
Commonwealth Today.
r968
January 3 (5.30 p.m.). New Year's Lecture for Young People. T. F.
Gaskell, M.A., Ph.D. (Scientific Adviser to the Information Department
of the British Petroleum Company. Exploring for Oil and Gas (with
slides and film).
January 8. E. A. Ellis (Author of The Broads). The Natural History of
the Broads (with slides) (in conjunction with the Natural History
Section).
January 22. J.M. Cameron, M.A. (Master of Rutherford College, Professor
of Philosophy in the University of Kent at Canterbury). Poetic
Imagination.
February 5. Montgomery Belgian (Author of Reading for Profit). The
Jacobean Problem (The Writings of Henry James).
February r9. R. J. Blin-Stoyle, M.A., D.Phil., F.Inst.P. (Dean of the
School of Mathematical and Physical Sciences, Professor of Theoretical
Physics, University of Sussex). Symmetry in the Physical World.
March n. J. K. St. Joseph, M.A., Ph.D. (Director in Aerial Photography,
University of Cambridge). Air Photography and Archa:ology-Recent
Results (with slides).
March r8. Ven. H. Lockley, B.A., B.D., M.Th., Ph.D. (Archdeacon of
Loughborough). Dietrich Bonhoeffer-Thinker and Man of Action.
The Session was again most successful. The number of paid-up members (276) was only slightly less than that of the previous record year. There
was a slight increase in the number of Associates and a very large increase
in the number of Junior Associates.
Most of the lectures proved very popular and the hall was often crowded.
One or two were rather disappointing.
The Council deeply regret to record the deaths of three ex-Presidents:
Dr. R. F. Rattray, Mr. R. M. Evans and Mr. R. Paine. The loss of the two
latter-both at a comparatively early age-is severely felt by the Council
and the members and they are sorely missed.
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REPORTS OF THE SECTIONS
Natural History
President: F. A. Sowter, F.L.S.
Chairman: J. W. Watson, F.INST.P.A.
Vice-Chairman: Mrs. J. Horwood, B.Sc.
Hon. Treasurer: J. Fieldhouse
Hon. Secretary and Editor: I. M. Evans, M.A., A.M.A., M.I.BIOL.
Committee: H. Bradshaw, Miss E. I. Clay, Mrs. D. S. Fieldhouse,
Mrs. H. Gawadi, B.Sc., Mrs. W. E. Smith and, representing
junior members, J. T. Gawthrope.
Paid-up membership for the year was, at one hundred and thirty-eight,
almost exactly the same as that of 1966. There was however a welcome influx
of members towards the end of the year which should be reflected in the
figure for 1968.
Meetings have been held at fortnightly intervals through the year and
the attendance at indoor meetings again rose, to an average of fifty-three.
The speakers and subjects of the second half of the 1966-67 winter session
were as follows :
January 4. D. A. E. Spalding, "A naturalist in Iceland".
January 18. Professor F. W. Shotton, F.R.s., "Insect life in the
Ice-Age".
February 1. Mrs. H. Gawadi, "Sequoia and chaparral, some
impressions of the natural history of California".
February 15. Hon. Secretary, "The volcanic rocks of the Charowood Forest", together with two films of volcanic eruptions.
March 1. A. E. Squires, "Some aspects of wildlife conservation
in East Africa".
March 15. Mrs. H. Angel, "Marine life around our coasts".
The Annual General Meeting was held on 29th March. There had
again been only one entry for the Junior Competition for 1966, by J. T.
Gawthrope, aged eleven, but in view of its merit he was awarded a special
prize. After the formal part of the meeting slides were shown by eleven
members.
The summer programme opened with a geological ramble, led by Miss
J.B. McKellar, through Bradgate Park and Swithland Wood on 29th April.
Non-geological highlights were a common lizard seen near Old John and
primroses in flower elsewhere in the Park.
On 13th May J. C. Badcock led an excursion to the well-known limestone area in Northamptonshire, Bamack Hills and Holes, where members
were able to see pasque flower, Anemone pulsatilla, in abundance and also,
just in flower, the man orchid, Aceras anthropophorum. Members later paid
a short visit to Castor Hanglands National Nature Reserve not far away,
where amongst other things a number of nightingales were both heard and
seen in full song.
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The late T. W. Tailby led an excursion to Owston Wood on 27th May
to give members a chance to see this wood before the major part of it is felled
and replanted. Despite very muddy conditions a good range of spring flowers
characteristic of the east Leicestershire woodlands was seen.
On 10th June members explored the quarries at Mountsorrel under the
expert guidance of P. H. Gamble of the Loughborough Naturalists' Club,
and later saw some of the rich water meadows between Mountsorrel and
Barrow-on-Soar. The quarries yielded three species of orchid, including two
patches of bee orchid, Ophrys apifera, just coming into flower, the rather
rare clover Tri/olium striatum, found by a track, and the delightful little
birdsfoot, Ornithopus perpusillus. In one of the water meadows a small
patch of meadow saxifrage, Saxifrage granulata, was located, a plant that is
now very restricted in distribution in Leicestershire, although once widespread.
Torrential rain did not deter members on 24th June when, under the
leadership of H. Bradshaw, they visited the common land known as "TwentyAcre Piece" near the cross-roads at Six Hills, to see the acid-loving plants
growing on the peat there. These included meadow thistle, Cirsium
dissectum, saw wort, Serratula tinctoria, lousewort, Pedicularis sylvatica, and
heath spotted orchid, Dactylorchis maculata, all uncommon plants in the
county and particularly so off the Charnwood Forest.
An exploratory visit to the deep disused railway cutting north of Sealford on 8th July proved well worthwhile. Led by Mr. and Mrs. J. W. Hesselgreaves, the party of members fou1,1d woolly thistle, Cirsium eriophorum, in
a new locality, three species of orchids on the banks, including a magnificent
stand of over a hundred splices of the common spotted orchid, Dactylorchis
fuchsii, and a rich and varied flora colonising the ballast, including yellow
stonecrop, Sedum acre, wild candytuft, lbetis amara, and pale toadflax,
Linaria repens. Owl pellets found just inside the tunnel mouth yielded the
remains of field vole, bank vole, field mouse and common shrew.
Three localities in the Chilterns were the objective of the full-day excursion by coach on Sunday, 23rd July. At the Totternhoe Knolls, frog orchid
Coeloglossum viride, and musk orchid, Herminium monorchis, were seen
in flower, and at Stubbings Wood near Tring the rare narrow-lipped helleborine, Epipactis leptochila. A visit to Dancers End Nature Reserve, where
yellow birds-nest, Monotropa hypopithys, was found in fruit, and wood
vetch, Vicia sylvatica, abundantly in flower in places, concluded the day.
On 5th August members had an op_portunity to see for the last time
before it was destroyed by ploughing an area of great botanical interest near
Earl Shilton, Potters Marston Bog. This peat deposit still supported species
such as purple moor-grass, Molinia caerulea, saw-wort, and meadow thistle
and a thriving plant of meadow rue, Thalictrum flavum, was found in one
of the hedges bounding the site. A small collection of specimens was made
in view of the impending destruction of the area.
The meeting on 19th August had been advertised as a ramble but, in
view of the need to map the area concerned, between Freeby and Sproxton,
the party split into three groups, each mapping a three-mile circuit. This
accomplished, the party met up again at Sproxton where Mrs. A. Birch
kindly provided tea.
Croxton Park, visited on 2nd September with Mrs. H. Gawadi as leader,
is an area of botanical contrasts. Heath grassland containing species such
as tormentil, Potentilla erecta, and heath bedstraw, Galium saxatile, lies
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adjacent to limestone grassland on the Lincolnshire Limestone on the one
side and valley marsh with a luxuriant growth of giant horsetail, Equisetum
telmateia, on the other. There are in addition oaks and sweet chestnuts of
great girth and age.
Miss S. Canetti led a party which braved particularly luxuriant stands
of stinging nettles around Cold Overton Lake on 16th September. They
were rewarded by the discovery of a large badger sett, and, in the case of the
youngest member of the Committee, of inordinate quantities of soft black
mud.
The programme of field meetings closed with two devoted to the lower
plants, the first at The Brand on 30th September where a party led by Dr. G.
Halliday were initiated into the mysteries of the bryophytes, and the second
the traditional end-of-season fungus foray at Exton Park, Rutland, on 14th
October. Despite poor weather, members of the Section and of the Rutland
Natural History Society, to whom an invitation had been extended, found
and identified some thirty-six species with the expert help of Mr. and Mrs.
J. Fieldhouse.
The first half of the 1967-68 winter session opened with the Exhibition
Evening on 18th October, when fifteen exhibits were shown by six members.
These ranged from fungi with the delightful name of "trooping crumblecaps" to two live edible dormice. The speakers and subjects for the rest of
the session were as follows :
November I. T. J. Whall, "Badgers".
November 15. M. Walpole, "Hunting British orchids".
November 29. Mrs. E. Loosmore, "The scenery and wildlife of
East Africa".
December 13. Dr. I. Presst, "Wild birds and the problem of
pesticides".
The projected field-by-field suryey of east and south Leicestershire
mentioned in the last report was launched at a meeting on 10th March and
went so well that by October, when the maps were called in, over half of
the county, other than the Chamwood Forest, had been surveyed in part or
in full. It is hoped to be able to complete this work in the spring of 1968,
although its scope was considerably enlarged.
One most important development from the field-by-field survey was
the setting-up late in the year of a Leicestershire Flora Committee to plan
survey work for a new Flora of the county along the lines of that recently
published for Hertfordshire. The Section is represented on this Committee
by its Hon. Secretary, who is acting as Chairman, by Mr. and Mrs.
E. K. Horwood and by Mr. F. A. Sowter, who is acting in an advisory
capacity. It is hoped that provided all the details of recording techniques
can be sorted out and codified in time, then field work on the new Flora can
proceed hand-in-hand with the completion of the field-by-field survey in
the spring.
Seven issues of the newsletter were sent out durin~ the year, numbers
13-16 being a composite issue for the whole of 1966. The editor wishes to
thank those members who continue to send in notes and hopes that they
will go on doing so, despite ,the considerable delay in publication.
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Geology
Officers 1968-9
Chairman: Mr. A. G. Baker
Vice-Chairman: Mr. H. Richter
Acting Hon. Sec.: Dr. J. Hudson
Field Meetings Secretary: Mr. R. J. King
Hon. Treasurer: Mr. G. Odell
Student Representative: Mr. R. Obial
Committee: Mr. G. H. Stacey, Mr. C. Medd, Dr. J. Hudson
The membership of the Section remains constant in number and proportion, the total number of professional, amateur and student geologists
being 57. An increase in membership is expected arising from people who
have expressed interest in the Society and Section "C" at the recent "Leisure
68" exhibition where a very successful geological stand was put up.
Once more Midland topography has provided varied summer field
meetings and winter lectures have proved stimulating, all being well
attended.
Seven field meetings were arranged as follows:
May 27. Holwell, Leicestershire. Mr. R. J. King took a party to
the two abandoned quarries in the Marlestone Rock Bed of
the Middle Lias.
June 3. Yelvertoft, Northamptonshire. Here the alabaster workshops of Mr. Nigel Owen were visited and the methods of
working English and imported alabaster were seen.
June 10. North Charnwood, Leicestershire. Mr. R. J. King conducted a large party through two quarries examining ancient
Charnian rocks, especially the Blackbrook Series, in contact
with later formations. Tectonic and mineralization features
were discussed.
June 24. Cocklow Quarry, Mountsorrel, Leicestershire. Further
aspects of the geology of hard rocks in this area were pursued.
July 8. Blackbrook, Leicestershire. This meeting in the form
of a temporary section, an annual full meeting to this end now
becoming a tradition, was an attempt to trace an old lead
mine in the abandoned railway cutting. Considerable success
was accomplished and work continues.
August 5. Glacial Deposits. Soar Valley. Under the leadership
of Dr. R. J. Rice members examined the sands and gravels of
two glacial periods near Rothley Station and Wanlip.
August 19. Castleton, Derbyshire. A Summer trip to Derbyshire
under Dr. T. D. Ford's leadership is now traditional and in
this instance involved the general stratigraphy of the area
with a walk to such places as Treak Cliff Cavern, Windy Knoll,
Dirtlow Rake and Pindale.
Winter meetings at the Leicester City Museum once more proved
fruitful. Nine meetings were arranged besides the Conversazione and
Members' Evening.
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October 5. Mr. E. G. Poole. Principal Geologist to the Geological Survey gave a talk on "Aspects of the Geology of the
Market Harborough Area".
October 16. Joint meeting with the Parent Body. Dr. R. J. Adie,
Deputy Director, British Antarctic Survey, talked about
"Scientific Exploration in Antarctica".
October 18. Dr. D. A. Bassett of the National Museum of Wales
discussed the popularity and vicissitudes of Geology as a
popular pastime in a talk entitled "Education in Geology".
November 2. "Cropston Reservoir Sediments" were the subject
of Dr. W. A. Cummins's talk. Dr. Cummins of Nottingham
University described the applied and pure scientific aspects of
his work which was done when the reservoir was emptied
recently.
November 16. Dr. A. Khan of Leicester University described
"Recent Geophysical Exploration in East Africa". Dr. Khan
is doing research on aspects of the rift valleys.
January 18. The electron microscope featured in Professor P. C.
Sylvester-Bradley's lecture on "The Revolution in Micropalaeontology". Stereographic viewing of photographs showed
great detail of minute fossil organisms. A new way of classifying micro-fossils was suggested.
February 15. Mr. P. S. Keeling of the British Ceramic Research
Association talked about "Geology in Ceramics".
February 29. Dr. R. J. Savage of Bristol University discussed
"Australian Fossil Mammals" and their paucity. The
character of animal life was investigated with suggested links
with other parts of the world.
March 14. The Annual General Meeting and Chairman's Address
completed the year's activities. The Chairman, in his address,
described some relationships between geological and astronomical phenomena.
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The Leicester Literary

SUMMARY OF RECEIPTS AND
RECEIPTS

General Account
£

Balance at beginning of Session
Subscriptions :
Members (276)
Associates (67)
Junior Associates (152)

s. d.

£ s. d.
67 7 s

289 I6 0
4I I7 (>
38 0 0
369 I3

so

Grant from City of Leicester Education C.Ommittee
Profit on Refreshments
Sale of Transactions •••
Leicester Temperance Building Society-Interest •..

6

0 0

6 I4 7
IS I3 6
II 18 2

£521

7

2

Special Purposes Fund
Leicester Temperance Building Society (Paid-up Share A/c)
Balance at beginning of Session

350 o o

Balance at end of Session •..

L. C. HAMER, Honorary Treasurer.

£350 0 0
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STATEMENT OF ACCOUNTS

and Philosophical Society
PAYl\'.IENTS-SESSION 1967-68
PAYMENTS

s. d.

£

Rent-Leicester O,rporation ...
Lecture Expenses :
Fees and Expenses
Operating Projector
Printing, Stationery, etc.:
Transactions
Postage on Transactions and Stationery
Postages-Secretary and Treasurer

£ s. d.
25 0 0

153 II 0
3 IS 0
157 6 0

s

148 7
89 IS II
21 0 0

259 3 4
2 0 6
4 10 O

Advertisements re Membership
President's Photographs
Subscription
Bank Charges and Cheque Book
Balance at end of Session

I

0

2 IS

I

0

69 II

4

£521

7 2

The H. S. Bennett Bequest Account (For Research)
(representing the original bequest in 1930 of £500
plus interest, less payments, invested in £506 5s. 7d.
Leicester O,rporation 3 % Redeemable Stock 1964-69)
Balance at beginning of Session
Interest on Investment (less tax)

LESS Grant to Leicestershire Flora O,mmittee ...

o 6
8 18 6

73

81 19 O
40 0 0

Balance at end of Session
Audited and found correct
J. B. POTTER,
R. H. UPJOHN, Honorary Auditors.
April 1968.

£41 19 O

The Bennett Lectures*

THE EVOLUTION OF
FOSSIL ENVIRONMENTS IN
EAST AFRICA
by

W. W.BISHOP
This lecture attempts to review the dynamics of localities yielding fossil
tetrapods and the extent to which they are peculiar to the East African Rift
System. Three aspects of fossil environment are considered. The first is a
study of those former environments in which conditions may have been
particularly favourable for the fossilisation of bone and tooth. The second
attempts to reconstruct the former or "fossil" environments to which the
tetrapods represented in the fossiliferous assemblages contributed when alive.
The third makes some reference to the nature of the fossiliferous localities
and the conditions favouring the concentration or secondary accumulation
of fossil bones as revealed by erosion at the present day. All the fossil
environments to be described here are the result of continental conditions and
processes.
It is pertinent to enquire how "peculiar" were the environmental conditions which led to the concentration of the living animals or their fossil
bones. Have such conditions occurred more often in East Africa than elsewhere on the continent? In order to answer these questions, it is proposed
to review the distribution of East African fossil tetrapod assemblages in both
space and time.
KARROO RELICS
Grabens are likely to preserve, within their fault margins, downthrown
strata which may be lacking outside their confines owing to removal by
erosion. Much of the surface of Africa is underlain by crystalline rocks of
pre-Carboniferous age across which successive flights of planation surfaces
are traditionally preserved. Profiles showing deep lateritic weathering are
characteristically associated with these surfaces throughout areas having
tropical rainfall regimes. On the surface of such soils bones and teeth are
seldom preserved, even if they are rapidly covered by chance burial. It is
principally in tectonically controlled basins of sedimentation that they have
survived as part of a coherent fossil record.
In Southern Tanzania the Songea Series of Karroo age survives within
a graben 70 miles long having a north-east to south-west trend and with
boundary faults some twenty miles apart. Other small down-faulted areas
of Karroo rocks in Uganda have outlived successive planations and serve to
indicate the former northward extent of these continental sediments. The
Songea Series of the Ruhuhu Valley forms a convenient starting point for
this discussion as, in addition to a rift-like setting, the sediments are rich in
fossil tetrapods.
*Delivered in the Department of Geology in the University of Leicester on 17th
May 1966. Dr. Bishop is a Lecturer in the Department of Geology at Bedford
C.Ollege, University of London, and was formerly Curator of the Uganda Museum.
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The Karroo rocks in which the structures have a N.E.-S.W. trend, are
being differentially eroded by the present drainage system. This is controlled
by the base level of Lake Nyasa (1,568 ft. above sea level) which lies as a
north-south trending fault-bounded lake within the later Rift System.
Exhumation of the older graben has progressed sufficiently far for boundary
escarpments once again to dominate the sedimentary basins containing
Karroo stages K 1 to Ks and to etch out fault blocks and resistant strata.
During September 1963 I was fortunate to be able to join, for a short
time, members of the British Museum (Natural History) and University of
London Joint Palaeontological Expedition to a part of the Ruhuhu Valley.
A preliminary account of the expedition has been published (Attridge et al,
1964). The exposed sequence in the area investigated by the expedition
ranges from the Ruhuhu Formation (K5) to the Manda Formation (K8) of
Stockley (1932) as follows:
KS
K7
K6
K5

MANDA FORMATION
KINGORI SANDSTONES
KAWINGA FORMATION
RUHUHU FORMATION
Ks to KS-Total

6,500 feet
2,300 feet
900 feet
1,750 feet
n,450 feet

K.5 Ruhuhu Formation: The sediments are typically green to grey in
colour, consisting of mudstones and cherty siltstones with interbedded sandstones. Fossils were found by the Expedition at several localities near the
top of the Formation. In the Ruhuhu Valley fossil reptiles were discovered
to range down to some 500 feet stratigraphically below those known previously. Fossil tree stumps in position of growth were found at several
horizons. This implies inundation of temporary land surfaces by shallow
lake waters. Many of the trees exhibit growth-ring structures, suggesting a
seasonal and possibly temperate climate.
K6. Kawinga Formation: The Ruhuhu Formation is overlain with at least
local unconformity by the Kawinga Formation (Charig, 1963; Lower Bone
Bed of Stockley & Oates 1931 a & b). A persistent cuesta is formed by a
basal arkosic grit some 200 feet thick, which dips at 14 ° towards the boundary
scarp. The abundance of fresh feldspar and the occurrence of current bedding in the arkose suggest rapid erosion of fresh rock together with strong
current action in shallow water. Shale and mudstone fragments, derived
from pre-existing sediments, may indicate intra-Karroo fault movements in
the basin. Although no fossils were seen in the basal grit, the overlying beds
include brown mudstones with articulated fossil bones, thin sandstones and
a dolomitic limestone conglomerate containing rolled bones. Tree stumps in
position of growth also occur. The deposits are only sparsely fossiliferous
although the Formation is rich in reptiles at other localities in the Ruhuhu
basin.
K.7 Kingori Sandstones: The Kingori Sandstones overlie the Kawinga
Formation, probably unconformably. The massive sandstone beds invariably give rise to pronounced escarpments with good exposure, but no fossils
were seen.
K.8 Manda Formation: The Kingori Sandstones appear to grade up into
the Manda Formation. This is typically a series of purple to chocolate mudstones interbedded with grey to whitish sandstones and grits of variable
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thickness and persistence. The Manda Formation contains the richest
fossiliferous strata in this area, both mudstones and sandstones yielding
reptilian material at 27 localities. In the mudstones the remains of anomodonts, rhynchosaurs, and archosaurs were frequently found, occurring as parts
of associated and sometimes articulated skeletons. In addition to such fossil
bones found in the Manda mudstones, excellently preserved by siliceous or
ferruginous replacement in a fine grained matrix, cynodont remains were
found associated with surface concentrations of small nodular calcareous
concentrations (kunkar). The fossil cynodonts often have a thin rough calcareous encrustation. The specimens themselves, although shattered and
deformed, are held together by this secondary limstone cement and are still
recognisable. Perhaps the finest preservation was that seen when the bones
had become the nucleus of an ironstone nodule, found frequently in a fine
sandy matrix. Many of the best skulls obtained, apart from some of the
smaller cynodonts, were from such nodules. The distribution of identified
fossils through the Manda Formation is indicated diagrammatically in
Table I. This confirms that the fossil-bearing horizons are in no sense ever
a single "Bone Bed", far less several "Bone Beds". A pronounced concentration of finds, however, occurs within a small thickness of the upper part of
the Manda Formation; 65% of all the specimens found in that Formation
were obtained from 300 feet of strata. Although the fauna represented by
these finds was not strictly a contemporaneous assemblage, several different
horizons being spanned, their stratigraphical concentration implies that there
was a period of time during which conditions more suitable for fossilisation
were widespread throughout the area explored by the Expedition. It is not
clear what factors contributed to these more favourable conditions.

Palaeo-ecological Conclusions:
Shallow fresh-water conditions seem indicated by assemblages of tree
stumps in growth position, by current bedding and by the presence of land
dwelling reptiles. Recurrent minor tectonic movements, intensifying early
faults, may be implied by the influx of fresh feldspar and by the presence
of derived fragments of earlier sedimentary rocks. Most of the fossils appear
to represent complete, or largely complete, carcases stratified in mudstone,
found where the animals died in the shallows of muddy basins. It seems
unlikely that their carcases had drifted over any great distance or into deep
water.
Cynodonts are best preserved where they lay on or immediately under
the surface and where secondary limestone formation (calcrete) prevented
the breakdown of the bone structure. The shattered and distorted nature
of many of these fossils may suggest exposure to the sun and weather on
land-surfaces and lake flats prior to stratification.
Rolled bone fragments and isolated large specimens in sandstone may
have been washed in by streams and rivers. Such washing-in was frequently
followed by the secondary precipitation of iron around nuclei provided by
the bones themselves.
In essence the story is one of the gradual filling of an unstable tectonic
trough in which sedimentation appears to have kept pace locally with
deepening of the basin of deposition. This resulted in the formation of
shallow bodies of water. The detritus carried into these was generally fine
but occasional incursions of coarser sediment (including rolled bones) als~
occurred. Sometimes the coarser influx may have resulted from minor earth
movements.
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Conditions for fossilisation seem to have been most suitable during
later Manda times (Table 1) but fossils occur intermittently throughout
the Series from the upper Ruhuhu Formation (K5) to the Upper Manda (KB).

MIOCENE ENVIRONMENTS
It is possible to trace movements associated with the East African Rift
System at least as far back as Miocene times in both the western (Albertine)
and eastern (Gregory) rifts of Uganda and Kenya. (Hooijer, 1963; Bishop
& Trendall, 1967).
There are numerous Miocene fossil mammal localities which straddle the
Kenya-Uganda border and occur within and outside the Rift System. At
least 12 major localities are known and their ages have been established on
a basis of stage of evolution of the mammalian faunas themselves and by
isotopic dating methods (Evemden et al, 1964; Evemden & Curtis, 1965;
Bishop, 1967; Bishop, Miller & Fitch, in press). The distribution map
(Figure 1) reveals a remarkable correlation between the fossil localities and
centres of Miocene volcanicity and with the extent of phonolite lavas of
plateau type.
The associated volcanic range in age on a basis of 4°K/4°Ar dates from
20 or 22 m.y. to 18 m.y. for the older nephelinite centres up to between 13.6
and 12.0 m.y. for the sealing plateau phonolites. These flood much of the
earlier topography and provide a convenient datum as the minimum age for
many of the isolated patches of fossiliferous sedim~nt (Bishop, Miller &
Fitch, in press). However, although they occur largely within the laterTertiary volcanic province the fossiliferous deposits may be divided into
two categories:
(i) Non-volcanic-fluviatile sediments:
(ii) Volcanic-primary and derived pyroclastic rocks:
(i) The non-volcanic sediments accumulated in valleys and hollows on the
irregular pre-volcanic topography some of which may have been the result
of tectonic deformation heralding volcanicity. The fossil assemblages comprise more or less rolled specimens swept in from the immediate catchment
together with coarse, basement-derived detritus. Parts of robust species and
large, resistant bones and teeth are dominant while fragile bones and small
fauna are entirely lacking. Occasionally associated bones suggest that virtually
entire carcases have at times been caught up in tumultuous gravels but such
occurrences in these coarse, kaolinitic and quartzose gravels are exceptional.
Occasional lava pebbles or tuffaceous horizons at some localities suggest
the local commencement of volcanicity. However, the main role of the
volcanic rocks has been that of sealing the unconsolidated patches of sediment beneath a lava or agglomerate capping which has protected them from
complete removal in later cycles of erosion. The volcanic rocks usually
survive as mesa-like lava "tombstones" around the base of which remanie
concentrations of fossils may be obtained.
Although ,there is some grading into other types of preservation, localities
at which this is the characteristic setting include (See Fig. 1 and also Bishop,
1963, 1967a) Uganda-Moroto I & II and Napak II, VI, VII and VIII,
Kenya-Mariwa, Ombo and Kirimun.
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Fig. 1. Location of fossil mammal localities and distribution of volcanic rocks: Nos. 1-17 Earlier Miocene Localities (triangles; open
symbol implies less important locality); 18, 20, 22 Later Miocene (circles); 24-26 Miocene, western rift (squares); 27-29 PlioPleistocene (crosses): 1. Karungu; 2. Koru; 3. Loperot; 4. Losodok; 5. Maboko Island; 6. Mariwa; 7. Mfwanganu Island;
8. Moroto; 9, Napak; 10. Ombo; II. Rusinga Island; 12. Songhor; 13. Homa: 14. Majiwa; 15. Muhoroni; 16. Tambach;
17. Uyoma; 18. Fort Teman; 19. Bukwa, Mt. Elgon; 20. Kirimum; 22. Moruorot; 24. Karugamania; 25. Nyamavi; 26. SindaMohari; 27. Kisegi-Wasa; 28. Kaiso; 29. Kanam.
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The number of species in these sedimentary environments is usually
limited and at the Uganda localities the mammals typically include:

Pterodon nyanzae Savage
Dissopsalis pyroclasticus Savage
ANTHRACOTHERE Brachyodus aequatorialis Macinnes
Hyoboops (Merycops) africanus Andrews
Dorcatherium pigotti Whitworth
RUMINANT
Dicerorhinus sp.
RHINOCEROS
Brachypotlzerium heinzelini Hooijer
PROBOSCIDEA
Trilophodon angustidens var kisumuensis
CARNIVORE

Macinnes
PRIMATE

Dinotherium hobleyi Andrews
Dryopithecus (Proconsul) major
Le Gros Clark & Leakey (Moroto II only).

The survival of only robust fragments of the larger mammals, including Dinotherium, and an assemblage of lower vertebrates which contains
crocodile (abundant), lungfish jaws and teeth, and chelonian fragments
(abundant) together with fresh water mo11usca including gastropods and an
oyster (c.f. Etheria sp.), suggests a fluviatile environment. This is confirmed
by the nature of the sediments and their vaUey form situations.
(ii) By contrast the volcanic environments contain fossils preserved in
pyroclastic rocks or their derivatives:
FuUy lacustrine environments occur at some localities (Fig. 1) in Kenya
at Karungu, Mfwanganu, and Rusinga and in Uganda near Bukwa on Mt.
Elgon. These sediments are frequently dominated by ruffaceous material
derived from the flanks of nearby volcanic cones. The mammalia are we11
preserved and long fauna! lists have been identified which include both
large and smaU mammals and are similar to the assemblages obtained from
the primary ruff localities (see below). Crocodile teeth and scutes are
abundant while the fully lacustrine conditions are indicated by the presence
of fish and fresh-water mo11usca and also by horizontal bedding and the
evidence of current action.
The greatest number of fossiliferous localities with weU-preserved
specimens occur in deposits of fine-grained subaerial primary tuffs as at the
following localities (Fig. 1):
Uganda-Napak I, IV, V and IX. Kenya-Koru, Songhor and Fort
Teman.
At these localities the presence of palaeosols suggests intermittent
pyroclastic activity with long periods of quiescence and weathering punctuated by subaerial fall-out of fine ash carried down-wind from the source
vents.
The Napak assemblages (see Table 2) may be taken as typical of the
subaerial ruff environment.
Potassium/argon ages established for the principal fossiliferous subaerial tuff localities at Napak are: (Bishop, Mi11er & Fitch, in press)
(minimum ages) 19±2 m.y. and 17.8 ±0.4 m.y. These compare with the
ages for other localities as fo11ows: Koru 19.6 and 19.5±0.3 m.y.; Songhor
(maximum ages) 19.9±0.6 and 19.7±0.5 m.y.; Fort Teman (maximum
ages) 14.0±0.2 and 14.7±0.7 m.y.
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TABLE

2

LIST OF NAPAK SUBAERIAL TIJFF FAUNAS
I

IV

V

X
X
X
X

X
X
X
X

X

IX

ALL
LOC.

PRIMATE
Dryopithecm (Proconsu]) major
Pliopithecus (Limnopithecus) macinnesi
Piiopithecus (LimnopitheCIIS) ? legetet
Mioeuoticus bishopi

X
X

X

X

X
X

INSECTIVORA
Erythrozootes chamerpes

X

X

RODENTIA
Diamantomys sp.
Paraphiomys pigotti
Paraphiomys sp. nov. (small)
Megapedetes pentadactylus

PEDETEDAE (small)
BATHYERGIDAE (true Bathyergid)
Bathyergoides sp.
Cricetodon

ANOMALURIDAE
(large and small species?)

X
X

X
X
X

X

X
X
X
X

X

X
X

X

X

X
X
X
X
X
X
X
X

X

X

X

X
X
X
X

X

CARNIVORA
Pterodon cf. africam,s
Hecubides euryolon
? Kicheclzia zamanae
Dissopsalis pyroclasticus
Kelba quadeemae
STENOPLESTICID
SUIDAE
Hyotherium sp. ?
RUMINANT
Dorcatherium songhorensis
Dorcatherium ? chappuisi
Palaeomeryx africanus

X
X

X

X
X

X

X
X
X
X
X
X

X

X

X

X

X

X

X

X

X
X
X

X
X
X

X

X

X

X

X

X
X

X
X
X

CHALICOTHERIIDAE
Chalicotherium nuingense

RHINOCEROTIDAE
Dicerorhinus sp.
Aceratherium ac11tirostrat11m

X

PROBOSCIDEA
Trilophodon ang11stidens t•ar
kimmuensis

X

X

X

HYRACOIDEA
Megalohyrax championi

X

X

X
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These ages fall into an earlier group 17.8 to 19.9 m.y. for Napak, Koru,
Songhor. This is in keeping with the broad similarity of the mammalian
faunas. The younger age of approximately 14.0 m.y. for Fort Teman
agrees with the range of potassium-argon ages of 12.3 to 13.4 m.y. for the
phonolites which immediately overlie these fossil-bearing tuffs in the
Kericho area. The mammalian assemblage from Fort Teman also contrasts
sharply with those from the older Jocalities.
The abundance of species of small mammals at Napak, including
rodents, primates and insectivores, is also typical of Songhor, Koru,
Mfwanganu and Rusinga and is in sharp contrast to the fluviatile sediments.
At Napak I, IV, V, and IX the various large mammals (e.g. Dinotherium,
Brachyodus) which are typical of the fluviatile localities appear to be absent.
Trilophodon is present only at two of the four tuff localities at Napak and
is represented by only a few' individuals. Fossil invertebrates include the
shells of land snails which together with casts of their eggs are abundant.
From the Napak subaerial tufI localities the land gastropods kindly identified by Dr. B. Verdcourt include:
Limicolaria ? leakeyi Crowley & Pain
Limicolaria sp.
Homorus sp.
Maizania sp.
Sibilina sp.
Trochonanina sp.
The assemblage tentatively suggests a moderately wet to moderately
dry evergreen forest or thick bush.
Crocodiles are absent except for two fragments of scutes of juveniles
but vertebrae, often associated in series of up to 7 or 8, and other fragments
of snake skeletons are an impo~nt element. Lizard remains also occur.
Bird bone is present but chelonian fragments are virtually absent Fossil
fruits occur at certain levels, rootlet casts. and fossil wood are abundant on
many horizons and casts of leaves, frequently rolled and transgressing the
bedding are common at some levels. At Napak X which is also in the subaerial tufI sequence the preservation is in calcite and in addition to fruits
and gastropods, fossil millipedes also occur. All these palaeontological
pointers support a subaerial environment of deposition which is confirmed
by the presence of palaeosols, by the haphazard distribution of micas at all
angles to the bedding and by the presence of rain spotting and accretionary
lapilli. Leaves from Napak IV have been identified by Dr. H. A. Osmaston
who comments that a tropical vegetation of trees and shrubs is indicated.
The lack of broad-leaved monocotyledons and of ferns indicates that the
climate was not very moist while the absence of microphylls suggests that
it was not very dry. The lack of narrow-leaved savannah grasses indicates
a closed forest or thicket.
More detailed analyses of the total fossil mammal collections from the
four subaerial tufI localities at Napak are helpful in assessing the nature
of the assemblages. (Table 3).
All recognisable teeth and bones were collected as were all indeterminate
bone fragments which, regardless of size, would not pass through a sieve
of ½inch mesh. The peculiarities which can be noted from Table 3 are:
(a) The high proportion of skulls, teeth and iaws in relation to the total of
"better bones" plus indeterminate fragments representing the post-cranial
skeleton.

.J
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TABLE 3
NAPAK
T

.

NAPAK
IV

NAPAK
V

NAPAK
IX

GRAND
TOTAL
ALLLOC.

TOTAL

2008

4176

1291

401

7876

INDETERMINATE

1258
62.7%

3054
73.1 %

885
68.6%

286
71.3 %

5482
69.6%

BETTER BONES

468
23.3 %

509
12.2%

231
179.9~~

67
16.7%

1275
16.2%

SKULLS,
TEETH&JAWS

282
14.0%

613
14.7%

175
13.5%

48
12.0%

III9
14.2%

RODENT

Percentages of skulls, teeth and jaws
81
502
14
II9
81.8%
42.2%
46.3%
29.2%

716
64.0%

PROBOSCIDEA

99
35.1%

22
45.8%

122
10.9%

ARTIODACTYL

18
6-4%

30
4.9%

SI
29.1%

5
I0-4o/o

104
9.3%

IO

PRIMATE

3.5%

40
6.6~~

16
9.1%

I
2.1%

67
6.oo/o

OTHERS

36
12.8%

41
6.7%

27
15.5%

6
12.5%

9.8 %

no

(b) The dominance of rodents within the total of skulls, teeth and jaws. It
should be noted that the occurrence of Mastodonts at Napak I and Napak IX
is slightly misleading as the fragments represent parts of only one or two
individuals. In contrast many of the rodent finds are complete or near
complete skulls.
(c) The high proportion of primates. This is particularly striking when it
is remembered that primates are normfl}ly considered but shy candidates
for fossilisation.
(d) One further peculiarity is that the localities Napak I, IV, V and IX
are discrete patches where bone is abundant. The localities preserve virtually contemporaneous assemblages at points within one mile of each other
on the flanks of a growing volcanic cone. There is almost continuous outcrop of lithologically identical strata which represent the same sequence of
ash falls. Despite this fact, diligent searching has failed to find fossil material
eroding out on the surface between the main fossiliferous patches.
I tentatively explain these peculiarities as follows:
(a) Scarcity of post-cranial fragments in relation to skulls, teeth and jaws:
This pattern has been noted in many mammalian assemblages. At
Napak its combination with the comparative absence of articulated or partially associated skeletons and the frequency of gnawing marks on the dismembered and fractured remnants of bone suggests the action of predators
and scavengers in the form of carnivores, rodents and birds. The lack of
articulated skeletons seems to rule out the possibility of death by volcanic
misadventure (i.e. direct ash fall, poisonous gas or the insidious ground glass
consumed in the form of vegetation coated by Pelee's hair). Even if these
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were the primary causes of some of the deaths, there seems little doubt that
scavengers attacked the carcases shortly after death and before stratification.
It seems more likely that one must envisage deaths from a variety of natural
causes taking place through considerable periods of time on the flanks of the
dormant volcano. Blankets of fine ash caused stratification from time to time
of the surviving remnants of bones and teeth. Inedibility and robustness
were the principal factors governing the remnant bone samples which were
abandoned to await eventual burial and fossilisation.
An analysis of a small sample of fossil post-cranial bones from Napak
showed that among 305 identifiable bones, only two fragments of rib were
present by contrast with parts of 120 vertebrae, and of a further 159 identifiable bone fragments which could be accounted for under six headings. (Table
4). This leaves a balance of only 26 bones representing all other parts of the
skeletons of a minimum of 14 individuals.
TABLE 4
Analyses of fragments of post-cranial bones from Napak I, IV & V
TOTAL SAMPLE 305 bones
vertebrae
120
calcaneum .. .
19
phalanges
51
metapodials .. .
18
femur fragments
28
humerus
15
astragalus
28
all other bones 26 (including fragments of tibia 5, ulna 4, ribs 2, etc.)
During 1963 studies were made of recent natural kills in the Murchison
Falls National Park, in the Uganda section of the Western Rift Valley.
(Bishop, 1967b). Twenty-one days after a young buffalo had been killed by
lion the remains of the skeleton were found to be scattered over an area of
flat grassland 200 yards in diameter, presumably by the action of predators.
One or two bones had been dragged under short bushes. The skull still
retained horns on the cores and had all its teeth, but the anterior part of the
nasals showed considerable sign of chewing. The left mandibular ramus
was near the skull but the right was over 100 yards away. Both had condyles
which were broken and chewed. The vertebral column was in twr parts
with seven cervical and three thoracic vertebrae forming one portion. All the
transverse processes and neural spines had been chewed away. The rib cage
was virtually absent but the presence of some thirty small slivers of bone
suggested that many of the ribs had been consumed rather than carried
away. Both halves of the pelvic girdle were still together but with the illium
margins considerably chewed. Both shoulder blades were present but again
chewed, while all but one of the long bones were entire but chewed. The
bones of the ankle were still attached to each other by ligaments but the right
calcaneum was considerably chewed. Only one metapodial was found.
The bulk of the "potential fossil" material in the form of bone lying on
the surface in the game park at any one time can be estimated from a small
study in a part of the Murchison Falls Park carried out by the Brathay
_Exploration Group. A series of sweeps was made across a triangular area
with sides approximately half-a-mile long. Only surface concentrations of
bones were noted and collected for identification, but a total of 122 bone
accumulations was seen within this small area. These represented natural
deaths ranging over several seasons, but as this is an area where the soils are
not particularly rich in calcium carbonate, breakdown of bony structure was
quite rapid.
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In the Queen Elizabeth Park, also in the Western Rift, on soils rich
in calcium carbonate and with layers of calcrete, the following skeletons were
found during a brief search over an area of approximately 100,000 sq. yds.
Buffalo
I 3 skeletons
Uganda kob
7 skeletons
Rodents
7 skeletons
The factors governing the survival of such bones in fossiliferous
"patches" are discussed more fully below.
(b) Dominance of rodents;
This is a feature of the assemblages at other Miocene localities. Small
samples taken for comparative purposes at different localities showed the
following percentages of rodent remains from the total pool of skulls, teeth
and jaws: 70% Mfwanganu, 88% Koru and 82% Songhor, compared with
an average of 64 % at the Napak subaerial tuff localities. At Napak, however,
percentages varied from 82% to 30% of the skulls, teeth and jaws at
individual localities. Apart from an abundance of living rodents, their
numerical superiority as fossils may perhaps be related to the ease with which
their small skeletons or partial skeletons become scuffed into or buried by
the unconsolidated ash. Only a few of the rodents are burrowing forms and
a few are indeed arboreal (Anomaluridae). These pose problems similar to
those raised by the small primates.
(c) High proportion of fossil primates;
At Napak the primates include Dryopithecus (Proconsul) major, suggesting in size and morphology forms ancestral to the modem gorilla; a large and
small species of Hylobatine, Pliopithecus macinnesi and Pilopithecus ?
legetet; a skull of Mioeuoticus bishopi together with other dental and postcranial fragments of galagids. Their abundance varies from locality to
locality as shown in Table 5 and probably reflects local ecological changes.
TABLE 5
Distribution of Napak Primate Specimens (Up to 1965)
TOTAL

Dryopithecus

Pliopithecus

Cereopithecoid

Galagid

NAPAK I
9
6
2
I
NAPAK IV
28
1
22
5
NAPAK V
16
8
6
I
I
NAPAK IX
I
I
It is difficult to escape the conclusion that the newly vegetated
volcano slopes provide highly attractive environments for living primates
and particularly for ancestral gibbons and bush babies (also flying squirrels)
requiring an arboreal setting. An ecological comparison with the gorilla
sanctuary on the Bufumbiro volcanoes in S.W. Uganda and the Congo has
been made elsewhere (Bishop 1963). If a favourable habitat for living
primates was combined with suitable conditions for fossilisation after death,
the relatively high percentage of arboreal forms might be accounted for.
(d)

Fossiliferous patches and the death environment;
No fully satisfactory explanation has been put forward to account for
the richly fossiliferous patches of ruff at Napak. The fact that they represent
volumes of fossiliferous sediment varying in outcrop from 40 ft. to 80 ft. in
diameter was revealed by detailed excavations. At Napak IV four fossiliferous
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horizons occur in the form of weak palaeosols in subaerial tuff. These range
through 30 ft. of tuff. At Napak I !1t least 5 horizons are similarly stratified
one above the other through 40 ft. of strata (Figs. 2 and 3.).
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Fig. 2. Napak Locality I. Section through fossil mammal bearing tuffs.
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Fig. 3. Cross-section of Napak fossil mammal locality IV (1964 excavations).
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These superimposed fossiliferous horizons are in virtually parallel
bedded strata exhibiting no signs of current action. Present day erosion gives
rise to surface concentrations of the fossils. The superimposition of several
fossiliferous layers rules out any suggestion of the stratified fossil associations
representing merely a midden or a normal lag concentrate. The concentrating conditions would need to have occurred at successively higher levels in
the same spot over a considerable period of time. I have suggested elsewhere
(Bishop, 1963, 1967) that a three-fold coincidence seems required to account
for these peculiar patches as follows:
(i) The occurrence of calcareous tuffs which gave rise to czernozemlike calcite-rich soils. These were gradually colonised by mammals following in the wake of vegetation which provided only incomplete ground cover
at first. Water courses, supplied by precipitation as a result of the local
climate induced on its higher slopes by the volcano itself, gave gallery forest
with lianas as suggested by some of the fossil wood and fruits. Natural
deaths allowed gradual accumulation of potential fossils over all the slopes
of the volcano as bone became scuffed into and covered by the calcareous
soils. The next layer of wind-borne ash effectively buried the bone and
allowed mineralisation to take place. The chemistry of the environment of
burial seems to have been crucial and it is likely that the fine matrix was rich
in calcite as the ash came from a carbonatitic centre. The primary calcareous
nature of the tuff is difficult to prove owing to recrystallisation of the calcite.
However, trace elements may help to confirm this (see below).
(ii) The second stage required seems to be a concretionary concentration
of calcium carbonate at a much later stage to strengthen the calcified fossils
and allow them to hold together on re-erosion. Many of the fossils are seen
to be riddled with small cracks but are held together as coherent specimens
by concretionary carbonate. At Napak IV a spring-eye which seems to have
been active during the later Pleistocene but before erosion, lowered the water
table to its present level, is centred above the cone of fossil-bearing strata
(Figs. 2 and 3). The amount of concretionary calcium carbonate (kunkar)
falls off very rapidly away from the centre marked by the travertine of the
former spring-eye.
(ill) The third requirement is a catchment area in the form of a shallow
valley (as at Napak IV) or a flat (as at Napak I) to allow the slow and natural
accumulation under present-day conditions of a remanie concentrate of calcified and reinforced fossils.
Excavation at Napak IV showed similar proportions of fossils in the
eroded concentrate and in the excavated sample as follows:
IndetenninTOTAL ate
NAPAK IV SURFACE
1835
n92
NAPAK IV EXCAVATED 2341
1862

Skulls, RodBetter Teeth, ent Artio- PriBones Jaws
Dactyl mate Others
327 316 249
18 22 27
182 297 253
12 18 14

COMPARATIVE STUDIES OF RECENT CARBONATITE
VOLCANOES
Additional information relevant to the role of carbonatite tuff in the
Miocene environment of fossilisation can be obtained from study of the late
Pleistocene to recent carbonatitic centres.
Pickering (1962) drew attention to the nature of fine tuffs on the
Serengeti Plain which when traced laterally westwards and away from the

w
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TABLE 6
ANALYSES OF CALCAREOUS TUFFS & LIMESTONES FROM KENYA
LOC. & LAB. No.

DESCRIPTION & FIELD No.

La

Ba

Nb

y

Zr

Sr

Rb

MnO

TiO 2

SONGHOR:

~

g
VI

490I A

Pink marly tuff. 30/ S

.OI

.o6

.004

.oos

.0I

.04

trace

.05

.I

490I B

Flaggy "limestone". 30/6A

.02

.2

.02

n.d.

n.d.

.2

n.d.

.IS

n.d.

490I C

Flaggy tuff. 30/6F

.0I

.07

.03

.005

n.d.

.14

n.d .

.15

n.d.

490I D

Calcareous tuff. 30/6G

.03

.12

.02

n.d.

n.d.

.22

n.d •

.I

n.d.

Grey medium tuff. 30/61

.0I

.12

.03

.oos

n.d.

.25

n.d•

.I

n.d.

i;!
::,,
I""

490I E

.

I
..,~

=
I""
0

KORU:

VI

4903 A

Pink fossiliferous tuff. 24/ 2

n.d.

.09

.004

.oos

n.d.

.18

.004

.o6

.4

..,0

4903 B

Grey fossiliferous tuff. 26/2E

.04

.3

.03

.0I

n.d.

.3

n.d •

.3

n.d.

~I""

::i:

VI

0

FORT TERNAN:
4902 A

Coarse (Carbonatitic?) tuff. 25/4

.0I

.o6

4902 B

Coarse tuff (Bed 4). 25/9

n.d.

.3

.006
•008

.005

.02

.04 ·

tr.

.03

.015

Approximate X-ray Fluorescence Analyses by Dr. A. Livingstone.
n.d.-not detected. All figures expressed as percentages.

0

.002

.08

1.0 .

.002

.o6

2.0

~
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at Olduvai Gorge,, Tanzania and Bishop (in press) in the Katwe-Bunyaruguru
explosion crater area of Uganda that limestones occur at various horizons
within subaerial, wind-blown ashes of Holocene age.
Dawson (1964a) showed on a basis of both field relationships and trace
elements that calcite-rich tuffs in northern Tanzania with calcium carbonate
content up to 70% of the total rock, have volcanic rather than sedimentary
affinities and can be traced into carbonate tuff rings and cones at carbonatitic
centres of explosive activity.
In other studies Dawson (1962, 1964b) has investigated the eruptive
history of Oldoinyo Lengai and commented upon carbonatitic ashes from
this centre and at other vents in Northerµ Tanzania. The field relationships
inferred for the Miocene volcanoes which dominated the fossil localities at
Napak, Songhor, Koru, Rusinga and Mfwanganu show that these fossiliferous localities are all closely associated with intrusive carbonatitic centres.
To test the similarity of the Miocene calcite-rich tuffs containing fossil
mammals to modem carbonatite ashes and to undoubted carbonatites, a
series of specimens was collected by the writer from Kenya and Uganda
Miocene fossil mammal localities. I am indebted to the Institute of Geological
Sciences, and in particular to Dr. T. Deans, for carrying out trace element
analyses of these specimens. Dr. Deans also kindly discussed the implications of the results. The details of preliminary investigations of samples from
three localities are shown in Table 6.
Of the five samples from Songhor, one is from the "Red Clay" unit of
Kent (1944) and the remaining four are from different levels within the
"Limestone" sequence of Kent (1944) and Shackleton (1951). Many of
these "limestones" can be seen from detailed investigations to be calcified
tuffs. In all but the most dense calcretes ghost crystal outlines of the original
tuff can be seen in thin sections. The overlying red marl is a red weathering
erosion product which was also dominantly tuffaceous in origin. These two
lithological units form the main source of the Songhor fossil mammal fauna.
At Koru two deposits were sampled. One is a pink marl, which yielded
the bulk of small mammals collected by Hopwood (1933). The other is a
calcified tuff from one of a series of shallow quarries in surface limestone
near the carbonatite centre to the north-east of Legetet Hill. These limestones are also calcified tuffs and contain fossil land snails. The final two
specimens of calcite-rich tuff were collected from horizons in the Fort
Teman fossil mammal excavation (Fig. 1).
The results in Table 6 can be compared with trace element percentages
recorded by Dawson (1964a) for recent carbonate ruffs and surface limestones
from northern Tanzania and also with trace elements from Indian carbonatites (Deans & Powell, 1968). In each case a broadly similar pattern can be
seen which contrasts sharply with the trace element spectrum from most
normal limestones.
Dawson (1964a) comments that the carbonatitic affinities of the Tanzania
tuffs and limestones were shown in all cases by high trace amounts of barium,
strontium, lanthanum and titanium accompanied in some of the analyses by
yttrium, zirconium and niobium. Deans and Powell state of the Indian
carbonatites, "The high abundance of strontium and phosphorus is perhaps
most striking but the presence of lanthanum and cerium is equally significant". Although they note that "barium and niobium are rather capricious
in their abundance" yet "collectively enrichment in a majority of six elements
can usually be regarded as diagnostic".
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The analyses from Songhor, Koru and Fort Teman all have some
features which confirm their carbonatitic affinities and they contrast sharply
with analyses of normal limestones. The two analyses from Koru are remarkably similar to those from the carbonatite centre north-east of Legetet Hill,
Koru, collected by Dr. M. J. Le Bas (personal communication Dr. T. Deans).
Further work is necessary based upon suites of carefully selected samples
from a range of Miocene limestones and tuft's yielding mammalian faunas to
ascertain the areal importance of the carbonatite influence. However, from
this preliminary trace element evidence, primary falls of carbonatitic ash
seem likely to have been an important factor in the preservation of bone at
several fossiliferous localities. The analyses also confirm that the Songhor
limestones are calcretes developed within and upon tuft's and resulting from
diagenetic redistribution of calcite under processes of subaerial weathering.
As carbonatitic volcanic activity survives within the rift system at the
present day, it will be necessary to investigate the role of carbonate ash fallout throughout the later Tertiary and Quaternary.
Studies of the recent soda carbonatite ash falls from Oldoinyo Lengai
are relevant to the problem of relating thickness of tephra to palaeo-wind
directions. Also the effects of the variable blanket of ash on the existing
vegetation and in polluting water-holes have considerable relevance to the
interpretation of the Miocene and later environments of fossilisation.(Pls. 1
& 2). The presence of carbonatitic volcanic centres is certainly one of the
factors of fossil preservation peculiar to parts of the East African rift system.
THE RIFT SYSTEM IN THE PLIOCENE AND PLEISTOCENE
It is not possible to deal with all the different types of environment
produced by kaleidoscopic variety of tectonic, volcanic and sedimentary
patterns within the rift system. It must suffice to collect the more significant
and interesting features in the light of present knowledge.

The Lake Albert Basin
The various fossiliferous localities in the Lake Albert Basin, all unconnected with volcanicity, are shown in Figs. 1 and 4. The succession
varies at different localities but the sequence exposed in Uganda at the
south-western end of the basin where lacustrine sediments outcrop as the
result of faults trending NNE and NE from the northern nose of the
Ruwenzori range is as follows :
Wasa Beds
100 feet
Unconformity
Kaiso Formation (Wayland, 1925, Bishop,
Gautier and Heinzelin 1967)
2,700 feet
Passage Beds (Bishop, 1965)
650 feet
Kisegi Beds (Wayland 1925)
900 feet
Strata equivalent in age to the Kisegi and Passage Beds have yielded
limited assemblages of mammalian faunas from the Congo. These have been
described by Hooijer (1963) and shown to be of Miocene character. However, it is the Kaiso Formation and its contained molluscan and mammalian
faunas that are most instructive from the viewpoint of palaeo-ecology.
The Kaiso Formation was first described by Wayland (1925; 1926)
from the type site near Kaiso Village on Lake Albert (Fig. 4). Further
descriptions are given by Solomon (1939) and Bishop (1965 and in press).

PLATE

I

7

I

Small ash plume over summit of Oldoinyo Lengai, August 1966.

PLATE

II

(a) Crater of Oldoinyo Lengai, 23rd August 1966, showing recent soda carbonatite
ash (white) and ash cone.
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(b) Southern rim of crater showing new white soda carbonatite ash with vegetation
showing through, 21st August 1966.
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The typical deposits are parallel-bedded, poorly consolidated, drab grey
to greenish clays interbedded with buff micaceous silts and fine sands and containing local, rusty-brown limonitic ironstone bands. These ferruginous
horizons are frequently sandy and sometimes flaggy or oolitic. When traced
laterally the ironstone horizons are seen to be lens-like and discontinuous as
noted by Wayland (1925). Fossils occur within the sandy beds but are most
numerous in the ironstones which at some localities consist solely of limonitic
casts of gastropods and occasional bivalves set in a ferruginous oolitic matrix.
The lithology of the type area is repeated in the Kisegi-Wasa area to
the south-west of Lake Albert (Fig. 4) and the rhythmic pattern of the sedimentation is the dominant feature throughout over 2,500 feet of sediments.
Mammalian assemblages occur in the type section near Kaiso Village and at
three principal horizons in the sequence in the Kisegi-Wasa area.
Interpretation of the Kaiso Formation sediments and of the fossiliferous
ironstones has varied considerably since Wayland (1925, p. 12) suggested
that the lithology implied "accumulation on a slowly sinking bottom". He
added that the nature of the fossil-bearing ironstones or "bone beds" and
their association with gypsum were indicators of desiccation. This was
amplified when in 1934 Wayland referred to the Interpluvial period of the
Kaiso Bone Beds as a phase when climatic change reached its zenith.
Solomon (1939) could not support the postulated desiccation, while
Flint (1959) noted that although intermittent emergence undoubtedly
occurred, the nature of the climate at the time of deposition of the Kaiso
Formation was not proven. Bishop (1965 and in press) believes that the
rhythmic sedimentation implies repeated small-scale sagging of the floor of
the basin as originally suggested by Wayland. The sequence of clays passing
up into micaceous silts and then into sands overlain by flaggy, gritty or
oolitic and frequently fossiliferous ironstones, is repeated again and again
and invites analogy with coal measure cyclothems.
Continual infilling by sediments resulted in emergence of the surface of
the deposits from time to time, and the break-up of the large lake, which at
times filled the graben from one fault wall to the other, into a series of
shallow pools and bays. These gave rise to conditions suitable for ironstone
formation and for the preservation of molluscan assemblages. From time to
time land mammals living and dying on the newly emerged lake flats at the
scarp foot were included as part of the fossil assemblages. Somewhat
naturally Hippopotamus dominated the mammalian fauna surviving to be
fossilised. An analysis of a small collection showed 65% of the fossils to be
of Hippopotamus.
Gautier (1967) has carried out a detailed study of the mollusca from
the Kaiso Formation of Uganda and has related this work to the fossil
mollusca known from the Congo section of the Albertine Rift. Fig. 5 shows
the various collections of mollusca from localities in the Kisegi-Wasa area
plotted as far as possible in their corre_ct position within the sedimentary
sequence. The positions in this sequence of the main fossil mammal
assemblages (North and South Nyabrogo and Behanga I) are also shown
together with a graph from Gautier 1966, p. 8, showing the abnormality of
the conditions in proto Lake Albert in relation to time. This abnormality of
the environment is inferred by Gautier from the "peculiarity" of the molluscan
faunas. He envisages the development of a reduced lv:e basin with stagnant
waters resulting in several periods of geographical isolation and aberrant
ecological conditions which gave rise to the peculiar faunas which were
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geared to survival in these abnormal circumstances. Finally, connections
with other drainage basins were re-established and immigration of normal
species took place.
These changing palaeo-ecological conditions as represented by the
curve can be seen in Fig. 5 against three main periods of change in the
fossil molluscan assemblages within the span of deposition of the Kaiso
Formation. However, these changes may be only apparent in their sharpness as the diagram assumes a continuous sedimentary sequence as the time
base. It is possible that faulting may account for the changes although no
mapped faults occur at these levels. The three main groups of molluscan
faunas are also compared in Fig. 5 with seven molluscan associations
recognised by Gautier. Finally, in terms of the geological time scale and the
climatic inferences of interpluvial periods which were associated with the
Kaiso Formation before its full thickness was known, it is interesting to
speculate on the age equivalence of the mammalian fauna at South Nyabrogo
which occurs at the base of the Formation. The Kaiso Formation mammalian
faunas will shortly be described by Cooke and Coryndon. By analogy with
faunas now being dated by the potassium-argon method in the Kenya Rift
Valley and in Ethiopia, it seems possible that an age in excess of five million
years might be possible for the earliest mammals of the Kaiso Formation.
Gautier (1967) has commented upon the problems of reconciling the
sequences in the Congo and Uganda based upon molluscan and mammalian
evidence respectively. After reviewing the problems involved he concludes
that the Pliocene may have suffered amputation at both its time boundaries
in sub-Saharan Africa.
There seems little doubt that the failure to find mammalian localities
of Pliocene age has arisen in part from the fact that under the guise of
"Villafranchian" their fossils have all been assigned to the Pleistocene. The
problem has been further complicated by the failure to recognise tectonic
rhythms governing rates of sedimentation. Thus long periods of quiescence
may be represented by comparatively thin clay grade deposits as in the
Passage Beds. Short spells of rapid deposition are recorded in coarse-grained
sediments such as the Kisegi Beds and Wasa Beds while minor repetitive
. rhythms of long duration may span several million years as in the Kaiso
Formation. These tectonic mainsprings also account for some of the
peculiarities which are associated with the fossil mammal and molluscan
assemblages of the Albertine rift valley.
The Climatic Gossamer
It is convenient to proceed from the Kaiso "bone beds" which for over
25 years were incorrectly associated with desiccation and interpluvial conditions to a brief consideration of climatic influences as recorded in the
sedimentary record of the East African rift system. A rigid cliniatic/stratigraphic terminology was typical of this part of Africa until after 1960.
Following criticisms by Cooke (1958) and Flint (1959) voicing again the
early comments of Solomon (1939) a normal system of stratigraphical terminology is now applied to Quaternary rocks as to those of earlier epochs in
Africa. (Bishop & Clark 1967.)
This is important not only for stratigraphic terminology but also for
palaeo-ecological and particularly palaeo-climatic studies. An unstable rift
environment with an ever-changing pattern of drainage basins and fault
escarpments and of newly deposited substrates of volcanic origin all within
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a rain shadow setting is perhaps an unsatisfactory area in which to try to.
isolate climatic influences. Nevertheless, despite the number of variables
contributing to changes in landscape and in the sedimentary record, some
recent studies have shown that considerable climatic changes are recorded
by strandlines within the rift system. Many of these changes such as lake
shorelines up to 200 ft above Lake Rudolf or 500 ft. above Lake Elementeita
can be shown to have been undeformed by tectonic activity. However, they
fall within the Holocene and are not the pluvial equivalents of the Last
Glaciation of temperate latitudes.

Tectonic and Volcanic "Niches" within the rift
The rift system is a complex of grid fault patterns superimposed across
earlier sediments and volcanics. This gives rise to landforms ranging from
"Clapham Junction" type fault blocks to basins of internal drainage containing saline lakes. Late Pleistocene to Recent volcanic cones in their turn
diversify the frequently arid climatic regime and also aid in breaking up the
simple conceptional rift valley into a series of minor sedimentary basins by
punctuating the mid-line of the graben.
Thus the rift offers a variety of those niches beloved of the ecologist.
These are reflected, albeit imperfectly, in the complexity and variety of the
sedimentary and palaeontological records.
Recent work within the rift system as for instance by Hay (1963, 1967)
at Olduvai Gorge or Isaac at Lake Natron (1965, 1967) shows what can be
achieved in reconstruction of palaeo-environments. Studies at present being
undertaken in the Omo Valley, in the vicinity of Lake Rudolf, and in the
Lake Baringo area, are just beginning to reveal a little of the long and
involved history which has contributed to present day rift environments.
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The Bennett Lectures*

l\'.IOLECULAR PALAEONTOLOGY
by

MELVIN CALVIN
INTRODUCTION
I understand that the Bennett Lectures have, since their inception,
attempted to explore the common ground that lies between geology and the
rest of science. 1 am particularly happy to join this programme, for in a way
I am one of those who has regressed in his view of the nature of science back
in time to somewhere about the middle of the nineteenth century, to a time
before the sciences which we know today were separated one from another. It
is almost a return to the "childhood" of science that we are now witnessing, in
which the chemist, the physicist, the earth scientist, the astronomer and the
biologist are joining each other in their attempt to understand the nature
of the world around them.
The term "Molecular Palaeontology" was invented to describe a rather
special kind of interest and activity which has been going on for the last
decade or so and I think it has not been used explicitly before in the context
in which we are using it today. First, we are concerned with the question:
How did Life appear on the Earth? Classical palaeontology has mostly
concerned itself with the ways in which living things have changed during
the course of geological time. But an extrapolation of the basic notion of
evolution backwards in time must lead to a point at which living organisms
consisted simply of one variety of molecular aggregate. The shape of such
molecular aggregates, which we now recognise as the "morphology" of an
organism, is not likely to have left its impression in the rocks; ultimately, we
must look for the shape of the molecule itself, rather than for that of the
aggregates. This is what I mean by Molecular Palaeontology-we are looking for the shapes and detailed, intimate architecture of the molecules that
may be left in the rocks. We are trying to find out something about the time
and nature of the interface between the chemical part of evolutionary history,
before the advent of living organisms, and biological evolution. Evidence
for such an interface is not likely to be found in the form of morphological
remains but rather in the form of molecular architecture. We are looking,
then, for changes which occurred during the change-over from prebiological
to biological evolution.
Fig. r shows a diagram of the geologic periods; the field of classical
palaeontology is concerned with a relatively short period, the last 600-700
million years during which macroscopic morphological remains have been
preserved in the rocks. In molecular palaeontology we will be dealing mainly
with the periods before the Cambrian, and we will try to extend our molecular search back in time as far as we can go. What we would like to find are
criteria, self-contained within the molecular aggregates, which will give us
some clue as to the origin of the individual molecules or aggregates. The
more interesting rocks for this purpose are, of course, Precambrian, and
*Delivered in the Department of Geology in the University of Leicester on I4th
May 1968. Professor Calvin is Director of the Laboratory of Chemical Biodynamics
in the University of California (Berkeley). He was awarded the Nobel Prize in
Chemistry in 1961.
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some of these are listed in the centre of Fig. r. There are also two locations
which I would like to add to these; one I have learned about in the last few
weeks and that is the southwest coast of Greenland where the Ketilidian
Formation has been dated at about 1,700 to 2,000 million years. The other
is Charnwood, near Leicester, dated as something over 700 million years.
THE PRECAMBRIAN FOSSIL RECORD
The youngest of the fossils to which I want to refer is that of the
Ediocara segmented worm, dated at 650 million years, shown in Pl. IA
(Dickinsonia costata Sprigg). Somewhat older is Charnia from Leicester
(Pl. rn). These are complex forms, showing that evolution was already far
advanced 700 million years ago. Slightly older, 800 million years, are the
microscopic fossils found in the Bitter Springs formation; Pl. 2A shows a
filamentous form rather like the blue-green alga Nostoc, and Pl. 2B a globular form somewhat resembling another blue-green alga, Anacystis. Pl. 2c
shows another filamentous alga-like form, but this is from the Gunflint formation, dated at 1,700-1,900 million years. The forms in Pl. 20, also from
the Gunflint, have been identified as bacteria.

. l'
''

Fig. 2. Microfossil from the Ketilidian Formation of Greenland
years old).

(1,800-2,000

million

I have just received from Denmark a description of the Ketilidian formation in Greenland, some 1,700-2,000 million years old, which contained
some remarkable microphotographs of "organized elements" which have
been found in this sediment (Fig. 2). These have a general polyhedral shape,
and the polyhedral surfaces extend roughly 10 microns throughout the
organism. Extending from the faces of the organism in some sort of symmetrical fashion are what look like extrusion necks. In these characteristics
there is a strong semblance to an organised element described a few years
ago from a meteorite (a carbonaceous chondrite). At first it was thought that
this might have been extraterrestrial, but it was later shown that if ragweed
poIIen (common in the atmosphere of California) were treated with chromic
acid in the same way that the chondrite had been treated, the pollen grains,
which ordinarily were spherical in shape, contracted, developed extrusions,
and took on the form which was shown in the meteorites and which is also
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seen in this example from the Ketilidian formation. Does this mean that this
particular aggregate of molecules, which now resembles a modern pollen
grain, has existed more or less unchanged for 2,000 million years? Or is
contamination to be suspected? Of course, further investigation is required
to determine whether these grains are pollen grains at all, as well as to
determine the molecular constitution of the residues which might be associated with such forms.
·
We will now tum to the last example of the microfossil record, which
is the Fig Tree Chert from Swaziland in South Africa, the oldest rock yet
investigated, dated at 3,160 million years. Pl. 2E, F and G show forms which
have been described by Barghoom and others as bac~eria. In the polished
chert samples one can see, in addition to the polish scratches, the crystallization planes (grain boundaries) running right through the organism, indicating that the organism is about the same age as the chert itself.
Are these "organized elements" which have now been found in rocks
as old as 3,100 million years truly biological residues? This is where we need
to extend our search in molecular terms. So there are now two objectives
for molecular palaeontology: (1) to confirm the nature of the organized
elements in the ancient rocks; and (2) to determine the interface between
prebiological and biological evolution. Although inorganic geochemistry
has been able to make many contributions to biology in terms of conditions
of the time, it remains for organic geochemistry to provide the framework
of a genuine "molecular palaeontology".
MOLECULAR ARCHITECTURE OF BIOLOGICAL SIGNIFICANCE
There are some kinds of molecular architecture which both have biological significance and can be expected to last for the long time with which
we are concerned (more than 3,100 million years). There are five general
classes we must consider: (1) the carbohydrates; (2) the nucleic acids;
(3) the proteins; (4) the pigments; and (5) the lipids.
First, the carbohydrates which are parts of the cell walls, parts of the
cellular metabolism in general and which are made up of sugar molecules
which have three to nine carbon atoms on them; each carbon atom is linked
to hydrogen and oxygen so that the overall formula can be represented as
Cn(H2 O)n (Fig. 3). These carbohydrates can be hooked together in a complex way to give cellulose, starch and the like. Obviously, if we could find

H, ,,OH

{~
CHOH

0

tHOH I
Ht=-i
I
Cft.OH

Fig~ 3. Carbohydrates-sugars.

anything of this type in the rock, it might show specificity of structure and
would be very interesting indeed. Unfortunately, these molecules are unlikely to be found intact, as they are very labile. They eliminate water

PLATE

I.

(a) Pr~cambrian macrofossils: Dickinsonia costata Sprigg, from the Pound Quartzite,
Ediacara, South Australia ( x 1.0).

(b) Precambrian macrofossils: Charnia masoni Ford, from the Woodhouse beds,
North Quarry, Hangingstones, Woodhouse Eaves, Leicestershire ( x o.6).
(Photos:

R. G. Richards, University of Leicester.)
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molecules very ea~ily from their skeleroxis, aii~i'-~iiai and caramelize quite
readily. So the carbohydrate skeleton is not likely to be found intact in
geologically ancient rock.
Related to the carbohydrates are the nucleic acids which have an
additional component which is not like the carbohydrate and which has
another interest in the study of chemical evolution. The skeleton of the
nucleic acid component is shown in Fig. 4, containing its phosphate residue,
which is one of the impormnt aspects of it. Here, again, it is a sugar residue
which holds the molecule together and this is unlikely to withstand geological
time or severe conditions. It is conceivable, however, that the heterocyclic
ring (the adenine ring, for example, one of the four bases of the nucleic acid)
may have a stability beyond that of the sugar molecule. Such things might,
therefore, have survived. Some isotope work on the small amounts of phosphate associated with organic matter would be useful in this regard; as far as
I am aware this has not yet been done.

Fig. 4. Nucleic acids and components.

The proteins are the next class of molecules of interest, made up of
amino acids hooked together in a simple fashion, illustrated in Fig. 5. · In the
case of the protein and peptide one would not expect to find the intact macromolecule, but might expect the fragments, i.e. the amino acids. In fact,
these fragments have been found, even in the Fig Tree. These amino acid
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Fig. 5. Proteins-;imino acids.
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fragments have enough stability (and we have been able to demonstrate what
that stability is) to be molecular fossils, and could survive temperatures that
one might expect in sediments for extended periods of time. For amino
acids, the time to be reduced to 1/e of the initial amount, at 300° K, is about
109 years; however, if we raise the temperature by 100° (to the boiling point
of water) the time drops sharply to only 101 years. It is conceivable therefore
that some of these amino acids might be found in the ancient rocks.

Fig. 6. Pigments-porphyrlns.

The next major class of interest is that of the pigments, such as chlorophyll and haem, which belong to the most interesting subgroup, the
porphyrins. The porphyrins have a universal biological distribution which
is easy to recognise, and have the stability necessary for them to survive in
ancient rocks. In this they are unlike other pigments such as the carotenoids,
flavins, flavinoids, quinones, etc., which are universally distributed but relatively labile. Of the pigments which are generally found in living things, the
porphyrin which is the skeleton characteristic of chlorophyll, haem, and a
wide variety of other biocatalysts (cytochromes, and the like), is constructed
of four pyrrole rings hooked together by carbon bridges, giving this very
stable structure. The metal in the centre of the porphyrin ring helps to give
it the kind of stability which we search for in the ancient rocks.
The condensed aromatics which come from certain types of organisms
might also be considered as molecular fossils, but they are so easily formed
by the pyrolytic action of heat and pressure on any carbon compound that
they are not very useful as indicators in the rocks because they themselves,
even if they are there, will not be very critical about their origin.
The last class of potential "molecular fossils" which I would like to
bring to your attention is that of the lipids and their derivatives, the
hydrocarbons. These hydrocarbons are simple molecules made up of only
carbon and hydrogen with no multiple bonds in them, and they are related
to the lipids. The lipids and the hydrocarbons, containing only carboncarbon and carbon-hydrogen linkages, to my mind represent the principal
candidates for useful molecular palaeontological study. The transformation
of the hydrocarbons requires the breakage of C-C and C-H bonds, and the
breaking of these bonds in a saturated system without any activation gives
us a clue as to how long these things can survive. For example, at 300°K the
hydrocarbons will survive for 1021 years at room temperature before they
are reduced to one-half their original amount, and if the temperature is raised
to 400°K, the hydrocarbon survival drops to 101 4.S years, which is still plenty
long enough to be expected to resist geological diagenesis.
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, ANALYTICAL METHOD
During the last few years the analytical methods of gas chromatography,
mass spectrometry and optical spectroscopy have developed to such an extent
that we can recognize fractions of parts per million, particularly in the group
of compounds comprising the lipids and hydrocarbons, which seem to be
particularly sensitive to analysis by these sophisticated methods. For this
reason, then, the amino acids, the porphyrins and the hydrocarbons are the
three major groups which we have set out to investigate in ancient sediments.
The ma1n analytical methods used have been gas · chromatography
coupled with mass spectrometry. During extraction, more than the usual
precautions are required to avoid contamination because of the analytical
method. We have to work essentially in closed chambers in much the same
way as we work with radioactivity. The rocks are handled in the same manner
as one handles plutonium; the solvents are carefully purified, and all sorts of
control mechanisms and standards for that purpose are maintained. Figs.
7 and 8 show something of the extraction and analytical method. Fig. 7 is

'~\~- . tl ir-.
~~~•

~

t .. , ,..
_• : . . - - - - -

1 ',

Fig. 7. A block of Soudan Shale and a vial of the extract prepared from it for
analysis.

a photograph of a piece of the Soudan, and the small vial shows the solution
from about one kilogramme of the rock itself. The material is then injected
into the gas chromatograph equipment, a long column suitably packed, and
as the gas (hydrogen, helium or some other inert gas which is used to sweep
the material through the packing agent) flows through it, the various components go through at different rates depending upon their relative volatility
the more volatile going through first. One thus gets a deQnite pattern of the
material coming through as related to volatility. In Fig. 8 is given a flow
diagram of the equipment that is used for the analysis, i.e., the gas chromatographic equipment coupled to the mass spectrometer, which gives the mass
spectrum of the individual component that is being studied. This combination of gas chromatography and mass spectrometry is probably one of the
most powerful analytical tools we now have available, producing results in
fractions of parts per million. The identification not merely finds each
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material but, with the mass spectrometry analysis, gives information about
its intimate molecular architecture. Fig. 9 shows the gas chromatogram of
the total alkanes from Spirogyra with each component of the material coming
out separately, and with n-C11 as the dominant compound. What does the
mass spectrum of a normal hydrocarbon look like? When you hit the molecule with an electron beam, how does it break up? This is shown in Fig. 10
which gives the mass spectrum of a n-C17 hydrocarbon. The parent peak is
. at m/e = 240, and it breaks more or less non-specifically, but nearer the
. middle of the chain than towards the end, so that the bigger ions are rela, tively rare, and there is a gradual increase in abundance towards the smaller
fragments. This type of pattern allows one to recognize a normal hydrocarbon. By way of contrast, Fig. l l shows the mass spectrum of a branched
hydrocarbon, phytane from Spirogyra, which shows selective breaking at the
branch points, illustrated diagrammatically in Fig. 12. In the case of the
phytane, the parent peak is at m/e 282, with a sudden jump in intensity at
m/e 197 and 183. This is because the molecule has branch points at these
particular atoms (i.e. 197 and 183); and this causes the chain to break
selectively at these points. It is quite easy to recognize the detailed molecular
. architecture by having an experienced person examine the mass spectra,
with knowledge about the behaviour of molecules under electron impact and,
recourse to a collection of known molecules for comparison.
113

127

M·282
267

183

197

Fig.

12.

253

Phytane.

MOLECULAR FOSSILS FROM ANCIENT SEDIMENTS
The Green River Shale (60 million years)
The Green River Shale is a relatively young sediment Fig. 13 shows
the gas chromatogram of its alkane fractions divided into three sections; the
top section shows the total alkane hydrocarbons extractable from the Green
River Shale by n-heptane, and from which all chemical functions (double
bonds, aromatic rings, oxygen atoms) have been removed, leaving behind
only the saturated hydrocarbons. The next step was to separate the saturated
hydrocarbon group into two parts, one consisting of the branched-cyclic
fraction and the other the normal hydrocarbons. This was done by a simple
sieving operation, in which the hydrocarbon solution was exposed to a
"molecular sieve". This is a lattice (e.g., a crystal of zeolite) having small
pores in it of a predetermined size, chosen in such a way that the straight
chain hydrocarbon could wiggle its way into the pore, and the branched
hydrocarbons could not. The branched-cyclic materials were washed out
of the molecular sieve with cyclohexane, and the straight chain hydrocarbons
were trapped in the pores. The branched-cyclic component of the Green
River is shown in the centre of Fig. 13, and the normal hydrocarbon component is shown at the bottom. In the normal hydrocarbons you can see the
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Fig. 13. Gas-chromatograms of alkane fractions from Green River Shale (Eocene of
Colorado about 60 million years old).

usual pattern that one expects from a biological collection of hydrocarbons,
a homologous series, each one different from its neighbour by one carbon
atom, with the highest peaks at Cm Cz9 and C31 , showing the odd dominance of normal hydrocarbons. This is interpreted to mean that the
hydrocarbons are derived from the ordinary carboxylic acids which are
booked together two carbons at a time, ending with an add group (a carboxyl
group) at one end; this, in the course of geological time, is decarboxylated,
leaving an odd number of carbon atoms in the hydrocarbon. In the middle
chromatogram is seen a more complex result. There is isoprenoid dominance
in the branched-cyclic fraction, including the C16 and C.s isoprenoids, the
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Fig. 14 Mass spectra of various hydrocarbons.

pristane (C 19 isoprenoid), the phytane (C20) and the Cis (sterane). All of these
have been unambiguously identified as components of the Green River. The
mass spectra of the cyclic isoprenoids (steranes) are shown in Fig. 14; the
C21,2s, 29 steranes from the Green River have the same dominant peak as that
in the authentic compound, sitostane~ showing that the structure of the
sterane is unambiguous. The important point to remember is that the
steranes have the general tetra-cyclic structure which seems very specific as
far as biological material is concerned. It is this kind of structure which
convinced us that we were indeed seeing residues of biological products.

The Nonesuch Shale (1,000 million years)
The gas chromatographic analysis of the hydrocarbons from the Nonesuch Shale from the White Pine Mine in Northern Michigan, which is dated
at I,ooo million years is shown in Fig. IS, again divided into three components. Here the normal hydrocarbons have a different kind of distribution,
with a very complex distribution in the branched-cyclic group. Fig. I6 shows
the high resolution gas chromatogram of the Nonesuch branched-cyclic
alkanes, showing both the total and some separated fractions. The presence
of phytane, pristane and famesane isoprenoids in the Nonesuch show, again,
evidence of biological material.

450

57

MOLEf:ULAR PALAEONTOLOGY
POSITON
ATT'N
10 x 2

2Sm,n

20

15

10

BRANCHED-CYCLIC

mon

0

5

10.

e

2

0

_NORMALS
10 x 16

2Sm,n

10

Fig. 15. Gas-chromatograms of alkane fractions from the Nonesuch Marker Bed.

Vt

00

(di

n
(a) TOTAL FRACTION

l,"PRISTANE

t""

....tr1

n
11
,

lo)
r+

1c1

JWM~,~Ti ,.\iii
11.0min.

9P

8J)

70

1l M

4P

5·0

11

tr1

'

s

I

I

I

II 1l,1"ll,..,IJ, Mj

240"

~
.
60

I'

30

(I)

t""

~

~

=

.

6
(I)

0

(b) FRACTION (ao) ~ (g)

! l("PRISTANE ADDEDI.

5.0min.

40

~

3.0

(er· . ."
20

10

Fig. 16. Gas-chromatograms of branched-cyclic alkane fractions from Nonesuch oil.

~
(I)

0

~

59

MOLECULAR PALAEONTOLOGY

C19 tSOPR[NOtO .. ._ .-CIT

re,..,

ATT'N
IOOI I

C2Q ISOPft[NOIO

TOTAL

.,.,.

,,

:,oo•c

3/J

IS
I

I/)

'P

'

C,, "°""ENOIO

i

ATT'N
100•1

Czo lSOfl'R[NOID

....

c,,

C.■ ISOl'Jl!NOIO

Fft"N to

C2.7,C,a,

c19

STDIAN[S

c•

•

TINTIOft TlJilE
Of CHOUST.U.E

:,oo•c

. .,.1.

3/J

1,s

1/J

·~

1p

SOUDAN SHALE BRANCHED-CYCLIC AlKANES, 2.5 X 109 YRS •

.,,

.-CIT

NORMALS

:IO

15

ATT"N
100•1

IO

Fig. 17. Gas-chromatograms of alkane fractions from the Soudan Shale.

~

60

LEICESTER LITERARY AND PIIlLOSOPIIlCAL SOCIETY

The Soudan (2,500 million years)
The gas chromatogram of the Soudan hydrocarbons (Fig. 17) shows
the relatively narrow distribution of the normals, and the predominance of
the Ci1 isoprenoid. The general pattern of hydrocarbons is very much the
same, giving both open and ring isoprenoids, and differs in detail but not in
principal. In Fig. 18 we can see the presence of the famesane, phytane, and
pristane (similar to that in the Nonesuch), and, along with that, the Ci1
isoprenoid, 2, 6, 10, 14-heptadecane, which is peculiarly characteristic of the
Soudan.
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Fig. 18. Gas-chromatograms of branched-cyclic alkane fractions from the Soudan
Shale.

The Keti1idian (1,700-2,000 million years)
In the Ketilidian sediments of Southwest Greenland, in addition to all
of the hydrocarbons which have been reported for such ancient rocks as the
Soudan, Nonesuch, etc., something else seems to appear, and it is the first
time, I believe, that this has been reported. In effect, what Pedersen did was
to carry out the fractionation of the extract and did not reject the chemical
functional components. Instead he collected them and put them in the mass

6I
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spectrometer to determine what they might be. Unexpectedly (for me at
least) he found two rather interesting monoterpenoids with a very curious
structure, one of which was bomeol (a C10 monoterpenoid) and one of which
was camphor, which is related to bomeol, again a ro-carbon atom compound
(Fig. r9). It may be that these bomeol and camphor structures are widespread in ancient rocks, but this is the first report I have seen of them.

d? 4;
0

Fig. 19. Borneo! and camphor.

Probably one of the reasons that these compounds have not been reported
in the other ancient sediments up until now may be that the method of
fractionation has discarded them. The surprising thing is that these compounds are reported in a rock of r,700-2,000 million years of age, and the
oxygenated function, one would have thought, would have been destroyed
(reduced) by the long period of time in the rocks. Pedersen says the material
is relatively unmetamorphosed rock. The gas chromatograms and mass
spectra of the fractions from the Ketilidian are shown in Figs. 20, 2r and 22.
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Gas-chromatogram of fraction III (monoterpenols etc.) from Ketilidian
Formation (after Pedersen and Lam, 1968).
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The Fig Tree (3,100 million years)
The Fig Tree is the oldest of the rocks which have been examined, and
we do not have very much data on it. Fig. 23 shows the total hydrocarbon
content of the Fig Tree rock according to Tom Hoering. It will be seen
that the Fig Tree, like some of the other ancient sediments, has pristane
and phytane in it
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Fig. 23. Gas-chromatogram of the hydrocarbon fraction of an extract from the Fig
Tree Shale (after T. C. Hoering, 1967).

ABIOGENIC VERSUS BIOGENIC ORIGIN OF
SPECIFIC MOLECULES
A recent publication from Barghoom's laboratory points out that the
amino acid content of some of these ancient sediments runs down from
5 ppm ln ~e 1,000 million year old rock to I ppm in the Fig Tree. Barghoom
comes to the general conclusion that these are probably biogenic for that
reason. This argument does not yet seem to me compelling. The amino acid
concentration would decrease with age in the same way whether they were
biogenic or abiogenic. We cannot yet be sure of the biogenic origin of the
amino acids, nor of the other "molecular fossils" found in these ancient
rocks.
Part of the reason for taking these molecular patterns-four of them,
more or less the same-as evidence of biogenic origin is that nonbiological
random construction of hydrocarbons was expected to lead to a multitude
of hydrocarbons and isomers, energetically nearly equal, as, for example,
when one makes hydrocarbon by dissolving iron carbide. Fig. 24 shows the
types of hydrocarbon distribution that occur when you dissolve iron carbide
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Fig. 24. Gas-chromatogram of the hydrocarbon fraction produced by hydrochloric
acid on iron carbide (after T. C. Hoering, 1967).

in acid, which produces a series of hydrocarbons. When that series of hydrocarbons is put through a gas chromatograph you don't get a series of discrete
materials, you get everything, and Fig. 24 shows the multitude of hydrocarbon compounds, so nearly alike that they overlap each other and discrete
compounds do not appear. This is exactly what one would expect from a
random construction of carbon and hydrogen. It is for this kind of reason
that, when you see discrete hydrocarbon patterns in the ancient sediments
we have so far examined, the tendency has been to say this means biological
origin. The lower part of Fig. 25 shows the pattern of materials resulting
from a spark discharge on methane, and here, again, there is a multitude of
products but certain ones seem to be more important than others. It somewhat resembles the iron carbide chromatogram, but if we could get a higher
resolution, perhaps we could discover some of the individual compounds.
This shows a multitude of different structures, with a few dominant ones,
whose nature we do not yet know. At the top of Fig. 25 you see a FischerTropsch reaction product of total alkanes, and you can see something that
begins to look like a biological pattern. This Fischer-Tropsch information
was the result of a laboratory synthesis experiment, and is a reaction involving the hydrogentation of carbon monoxide over a suitable catalyst to
produce a whole series of hydrocarbons, discrete one from another. There
is more than just a simple array of linear hydrocarbons but, in general, one
does not get a multitude of things which overlap each other; discrete and
relatively specific synthesis is involved.
The moment you begin to think in these terms you begin to see that
there may be many abiological ways of getting rid of these discrete patterns,
which up until now have been accepted as real evidence of biological origin;
such ambiguity is given not only by the Fischer-Topsch method but by other
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Fig. 25. Gas-chromatograms of: (a, upper figure) total alkanes from a FischerTropsch reaction product; and (b, lower figure) a methane spark discharge
product.

processes as well. It has been known for many years that in the chemical
industry many processes start from two carbon compounds and build up
other more complex compounds. Thus, if we start from ethylene we can
initiate, under suitable conditions, a polymerization reaction of ethylene, in
which we pull out of the rr bond either one electron, or a pair of electrons,
leaving an unfilled valence carbon atom; this can work on another ethylene,
taking out the rr bond, and leaving the unfilled valence condition on the end
of the chain. You can see that this will construct a linear chain, which is a
common method of chemical construction (Fig. 26).
This polymerization leads to normal hydrocarbons, both odd and even,
depending upon the nature of X and Y. One would expect under these circumstances to get both even and odd hydrocarbons, as the chains terminate
in a special function. Thus there are ,ways of generating linear sequences in
just exactly the way we find them in biological systems but by abiological
routes.
Further than this, we can demonstrate abiological methods for generating polyisoprenoids. In a recent visit to a large petrochemical complex I
saw some of the analytical data they had and noted that the product of one
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of the fractionating columns from the cracking furnace (which had as feedstock ethane and propane) was very peculiar. This column ~as delivering a
C5 stream containing isoprene to constitute ,..., 2 % of the total carbon into
the furnace; the polymerization of isoprene will produce the polyisoprenoid
(Fig. 27). We thus have an abiogenic route to the polyisoprenoid which up
to now has been thought of as characteristic of living things-phytane,
pristane, farnesane, etc.

x - - - - - - ~ - - - - - - ~ ) ---- Propagation -------- Y
Initiation

Termination

Fig. 26. Possible mechanisms for vinyl polymerization. Reaction centres ( •) arc
either (1) a free radical (unpaired electron); or (2) a carbonium ion (vacant
orbital); or 3 a carbanion (unshared electron pair).

What this really does is to demand a rethinking and more experiments;
we need to find internal criteria within the molecular architecture which are
more discriminating with regard to biological origin than those at present
available. There is a reciprocal problem: not only have we found abiological
methods of producing architectures which appear to be biological (or which
actually are biological in some cases) but also there have been found natural
deposits of hydrocarbons which give other than these sharp distinct patterns
in their composition. A principal one of this type occurs here in Leicester.
Fig. 28 shows the gas chromatogram of a natural biological hydrocarbon
residue, the hydrocarbon product of a methane discharge which is a smooth
pattern, and the pattern from the Mountsorrel hydrocarbon, showing a continuum. We not only have, therefore, abiological products which show the
discrete pattern but we also have a naturally occurring mineral source of
hydrocarbons which shows the continuum.

CHz=CH-CH-TH

l

r•lfcor"'".i.d.
Fig. 27. Abiological synthesis of polyisoprenoids.

CHs
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Fig. 28. Gas-chromatograms of hexane fractions from (A) a Jurassic shale from
Germany (Posidonia Shale); (B) a methane discharge product; (C) the
Mountsorrel bitumen. (After Ponnamperuma and Pering.)

You might say that this is really what we have been looking for. Here is
a hydrocarbon collection which might very well be the residue of the primeval hydrocarbons of the earth's surface before living organisms got to work
on them. That may be. But it remains to be proved. If this should be the
first case of the nonbiological naturally occurring hydrocarbons, it would be
very interesting. But we do not know yet what the internal criteria would
have to be to make us sure of this.
In closing, then, I think we must re-examine the internal criteria characteristic of both abiogenesis and biogenesis. Part of that re-examination will be
concerned not merely with the architecture of any individual molecule which
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may be found in the ancient rocks, but with the juxtaposition or distribution
of structures found in the rocks. If some isoprenoids are abiogenic and have
been derived by some route such as suggested above, there should be other
things present as well which are not in this isoprenoid pattern. Since isoprene
came from ethylene and propylene, one should have, in the same mixture,
polymers resulting from the polymerization of ethylene and of propylene, and
from the co-polymerization of ethylene and propylene. This should give a
more varied distribution of the methyl branches than is present in a true
biogenic isoprenoid which has methyl groups distributed along the carbon
chain on every fourth carbon atom.
This is the kind of argument that will have to be formalized in a
"harder" fashion before isoprenoids can be used as either biological markers,
or (when accompanied by these other compounds) as indicators of abiogenesis. The search for what is not present must be added to the search for
what is present before we can formulate a more significant judgment of
origin. For this to be useful, we need more clear-cut evidence bearing on
the nature of the abiogenic construction, and on modification principles on
carbon skeletons which might occur during geological time.
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RECORDS OF TICI(S (IXODOIDEA)
FROl\1 LEICESTERSHIRE
by
GORDON B. THOMPSON
INTRODUCTION

This report is based on a collection of ticks kindly loaned to me for
study by Mr. I. M. Evans, Keeper of Biology, City of Leicester Museum
and Art Gallery. The preparation of distribution maps of the published
records of British ticks has revealed how very little is known of the distribution of our twenty-one species. These notes illustrate what a considerable
amount can be contributed by local museums and I make no apologies for
publishing them because such lists add to our knowledge of their hosts,
biology and distribution. Ticks are the most important vectors of diseases
of man and domestic animals.
SYSTEMATIC LIST

Abbreviations used are as follows: L-larva or larvae; Nor Ns-nymph
or nymphs.

Ixodes ricinus (L.)
1~

'Man', Leicester, 22.vii.I955

I. canisuga Johnston
2 ~~

1N
I~
I~
I~

d' Fox, Vulpes vulpes (L.), South Croxton, Leics.,
27.i.I966
~ Badger, Meles meles (L.), Cropston, Leics., 16.iii.1962
d' Badger, Grimston, Leics., 30.vi.I964
~ Badger, Charley, Leics., 4.ii.1965
Badger, South Leics., 25.iv.I965

I. hexagonus Leach
18Ns

12,IL
2 ~~ ,3Ns,1L
12,2INs
62~,7Ns
2 2~ ,1N,16L
I~

222
~,IL

I

I~
I~

Immature d' Hedgehog, Erinaceus europaeus (L.),
Stoughton Drive South, Oadby, Leics., 2.xi.1961
Nest of Hedgehog, Lambourne Road, Birstall, Leicester,
13.viii.1963
Hedgehog, Trinity Road, Narborough, Leics., 15.ix.1963
Immature Hedgehog, Scraptoft, Leics., 10.x.1964
Hedgehog, Skeffington, Leics. 24.vi.1965
Hedgehog, Spencefield Lane, Leicester, 24.vi.1965
d' Fox, South Croxton, Leics., 15.i.1966
'Dog', Shepshed, Leics., x.1964
'Cat', Braunstone, Leicester, 19.ix.1959
'Cat', Glenfield Frith Drive, Glenfield, Leics., 15.i.1965
'Man', Mountsorrel, Leics., 23.vii.1959
'Man', Leicester, 7.viii.1959
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7I

I. lividus (C. L. Koch)
I~
Sand Martin, Riparia riparia (L.), Rothley, Leics.,
5.viii.r960
Hyalomma aegyptium (L.)
3 ~~
'Tortoise', Leicester, r958
I~ ,eggs
'Tortoise', Leicester, 3r.vii.r964
NOTES
I. ricinus. An adult ~ of this species, commonly known as the sheep
tick, has been recorded recently by Mead-Briggs and Hughes (r965) from a
rabbit, Bradgate Park, Leics., n.viii.r964. Its occurrence on man is not
unusual and it may have been picked up many miles away, even in another
county.
,
I. lzexagonus. This species, generally referred to as the hedgehog tick,
was recorded from a cat, Leicestershire, by Pillers (r923). The males only
occur in the nests.
I. canisuga. This species, the dog tick, occurs commonly on sheep dogs,
breeding in their kennels. The males are very rarely found on the host. The
present records from badger and fox are of special interest because they are
the first for the county and confirm these animals as hosts. Lees (r946)
regarded the fox and badger as probably being the primary hosts of this tick.
I. lividus. This species, the sand martin tick, has been recorded from
the county, "near Rothley Station, Swithland Reservoir", under the name
"erinaceous" by Jolley and Storer (r945).
H. aegyptium. This is an introduced species from the Mediterranean
area and the Middle East. In its native habitat it parasitises a much wider
range of hosts.
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APPENDIX

The following records from counties other than Leicestershire were
also included in the collections sent by Mr. I. M. Evans. Abbreviations as
above.
I. ricinus

Ns,L

d' and 9 Red Squirrel, Sciurus wlgaris (L.), Thetford

Id',I 9 ,IN

Chase, Suffolk, 17.v;1960
9 Roe Deer, Capreolus capreolus (L.), Milton Abbas,
Dorset, 21.x.1961

I. canisuga

s99,6Ns

d' Fox, Pitsford, Northants., 29.i.1966

I. hexagonus

299,2Ns,27L

I9

Stoat, Mustela erminea (L.), Derbyshire, 18.x.1963
'Cat', Notts., 1964

THE REMARKABLE FEATURES IN THE
ULVERSCROFT VALLEY;
A REAPPRAISAL OF THE DRAINAGE IDSTORY
by

J. F. D. BRIDGER
Rising near Copt Oak (SK482.r29) the tributaries of the Ulverscroft brook
unite near Blakeshay Wood (SK510.109). Flowing, initially in a southeasterly direction the stream turns abruptly to the east at Newtown Linford
to feed the Cropston reservoir.
The brook runs discordantly 1 across Pre-Cambrian or intrusive rocks
at two points. A major, gorge-like feature occurs in Bradgate Park
(SK 525.099); the other is less conspicuous and is located near the derelict
Ulverscroft Mill (SK514.108).
It was the latter area that the late Dr. F. W. Bennett described and
discussed in a short paper published in the Society's Transactions for
1928-29 2 •
He drew attention to the course of the stream where it meets the long,
narrow neck of Charnian rock (Maplewell Series), that protrudes westwards
from Sharply Hill to form a distinct valley obstruction.
There are two breaches in this outcrop. The eastern gap, through which
the stream flows, is asymmetrical, being steepest on the western side. The
other gap, some 600 feet to the west, has no natural stream course and has
had its steeper-sided form accentuated by tl)e excavation of much of its
natural infill when the mill was built. The associated construction of a weir
and a channel to bring water to the Inill have further disturbed the natural
surface•.
The direct down-valley route for a stream in the present-day Ulverscroft
Valley leads through the line of the artificially constructed mill-stream
channel, yet, as Bennett points out, the stream flows more or less parallel to
the northern flank of the outcrop before turning and crossing by the eastern
gap. The stream then abruptly turns westwards and flows back along the
lower flank before resuming a southerly course below the Inill (Fig. 1).
Bennett observed that faulting on a line running north-north-west
to south-south-east had brought a band of felsitic agglomerate alongside the
slate agglomerate of Sharply Hill. The juxtaposition of these highly resistant
rocks resulted in the formation of the upstanding outcrop that runs across
the valley.
He considered that the western gap was an abandoned and infilled
channel and suggested that it had been cut by a Carboniferous ancestor of the
present brook. The weakness of the fault shatter-zone guided such a
stream and allowed it to flow, without detour, directly down the valley. Later,
the deposition of Triassic deposits plugged the gap and infilled the valley.
The subsequent exhumation of the valley, in post-Triassic times was by a
stream with a course that was initially controlled by the higher outcrop of
Chamian rock to the east This resulted in the super-imposition of the stream
on to the rock neck to the east of the earlier gap. The breach eroded at this
point is the course which has since been followed.
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THE GEOLOGY OF THE AREA AROUND ULVERSCROFT
MILL
Sources are given under Note 1
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No reference to Pleistocene glacial drift or events in the Quarternary is
made by Bennett. The locality is rich in deposits of this age and it is the
distribution of such material that suggests an alternative agency for superimposition and justifies a reappraisal of the drainage history.
The Geological Survey4 has recorded large areas of glacial boulder
clay on both sides of the valley to the north of the mill and extensive tracts
running to the west and to the south. Remapping of the areas indicates
that in many instances the cover of glacial deposits is more extensive than
is shown on the Survey's maps.
The location of glacial deposits, as shown in Fig. 1, supports the
hypothesis that at one stage in the Pleistocene the whole of the valley was
infilled and much, if not all, of the surrounding landscape was blanketed
with glacial drift. A good exposure of this material occurs a few hundred
yards to the south of the mill (SK5148.1039) where the stream cliff reveals
sticky, red-brown and brown clays, the latter containing many Jurassic and
Cretaceous erratics.
Accessible, undisturbed deposits at the western gap are restricted to
limited exposures of a light brown, clayey sand. The more conspicuous
outcrop, lying some fifty feet to the south-east of the mill, was noted by the
Geological Survey. An extension of this deposit may be traced northwards
following the eastern side of the gap into the bank of the artificial mill-stream
channel. It is possible that the location of sands on the bank beside the mill
may be due to the dumping of excavated material during the building of the
mill. Heaps of weathered brown clay with a variety of pebbles and flints at
the northern entrance to the gap certainly appear to be the residue of deposits
removed from the gap at that time.
Neither of these deposits is typical of local Triassic material and the
close similarity of the clay in terms of erratic content and colour with the
weathered sections of 'boulder clay' in the immediate locality implies a
common glacial origin. It follows that the gap was open before the onset
of the glaciation which deposited the infilling material.
Augering into the present floor of the gap did not yield conclusive
evidence. All attempts at augering here were halted close to the surface by
pebbles. The deepest penetration was at Site a, where it was possible to
descend to 2 ft. 6 in. The following sequence of deposits was recorded.
Inches
0

12

Deposit
Brown clay containing a piece of ironrich sandstone.
Sandy, brown clay with a fragment of
hornstone.
Brown clay with quartzite pebbles and
a piece of Lias limestone.

Whilst the lower, sticky, brown clay is again typical of local Pleistocene
deposits its presence in the side of the channel could be related to recent
slumping and, as such, would not represent the original infilling. The nature
of any underlying deposits and the depth of the rock floor remains conjectural.
Nevertheless, the evidence which supports the presence of a former
cover of glacial drift is strong and its acceptance contradicts the possibility
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of an unmodified inheritance of drainage elements developed through
Triassic strata. Coupled with the infinite possibilities of burial and disturbance during other periods of the Mesozoic and Tertiary, an unmodified
Triassic inheritance, as postulated by Bennett, becomes unacceptable. The
geological evidence, as it now stands, cogently argues that the superimposition
responsible for the formation of the anomalous eastern gap occurred from
glacial deposits during the Quaternary Era. The Mesozoic and Tertiary
history of the valley is obscure but in the light of the available evidence it
is apparent that before the glaciation the western gap was open and may well
have been the route of a stream at that time. However, the absence of glacial
deposits would give the valley a wider cross-profile than at present and it is
possible that the route of the main stream lay further to the west in the area
still covered today with boulder clay. The gap, valley and surrounding area
were subsequently buried under the glacial deposits.
It appears that the initial course of the post-glaciation stream was
developed on a thick mantle of drift over, what is now, the eastern flank of
the Ulverscroft Valley. The stream, possibly under the influence of a
uniclinal shifting related to the dip of sub-drift surface, has moved westwards
as it eroded the relatively soft glacial drift deposits. At the stage when the
stream was superimposed onto the Charnian rocks it was some two hundred
yards to the east of the pre-glaciation gap. The westerly component in the
stream's erosion continues into the present and is responsible for the asymmetry of the valley's cross profile. The steep slopes which form the first
quarter of a mile of right-hand bank of the Ulverscroft valley below the
mill represent the present limit of the former blanket of glacial deposits.
The surface of the western gap's infilling deposit has been lowered by
sub-aerial erosion to expose the gap's uppermost solid rock slopes. The
sheltered position of these deposits within the gap has, however, acted to
maintain the surface above the valley's flood plain level. Accordingly, the
modem stream passing close to the northern entrance of the blocked gap
is unable to utilise that direct, down valley route and continues to flow along
the circuitous course via the eastern gap.
A Quaternary date for the superimposition raises the question of the
time available for the accomplishment of the erosion involved. In the
Ulverscroft area erratics are predominantly of an eastern provenance. They
are probably related to deposition during a late stage in the Riss glaciation.
This may be taken as ending about one hundred and twenty thousand years
ago6. An initiation of drainage development at the end of that glaciation
would allow a figure no longer than an eighth of a million years for the
process of valley development and a new breaching of the Charnian rocks.
Admittedly short, it is perhaps not totally unacceptable in view of the
climatic changes and associated variations in the nature and speed of the
erosion which occurred in this period.
These events may be conveniently summarised under three main headings:
I.

Pre-glaciation

Prior to the Pleistocene glaciation the Ulverscroft valley was much
wider than at present, being unobstructed by glacial deposits. It was sufficiently deep to allow the exposure of the Sharply Hill neck of Charnian rock
and the erosion of the western gap.
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2.
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Glaciation

Pleistocene glaciation during the Riss phase resulted in the plugging of
the gap and valley with glacial deposits.

3.

Post-glaciation

Stream erosion begins to exhume the pre-glaciation form of the valley.
In the area of the mill the eroding stream was following the eastern flank
and was superimposed on to the Sharply Hill neck some two hundred yards
to the east of the glacially plugged gap. It cut the eastern gap which it has
continued to use, via a circuitous route, into the present; the western gap
being left, until the construction of the mill, with an obstructing deposit of
glacial material.
The implications of this reappraisal warrant a brief consideration of
the origin of the other discordant stream sections in Chamwood Forest.
Watts7 considered that most of the discordancies were the result of
the superimposition of a drainage pattern developed and directly inherited
through Triassic or possibly later Mesozoic strata.
A recent investigation into the problem of the discordant drainage 8
suggested a Quaternary origin for all the discordancies.
The thick deposits of glacial drift subsequently exposed on the higher
parts of the Forest by the Mr motorway excavations9 have provided evidence which confirms the contention that formerly the greater part, if not all,
of the area was thickly blanketed in glacial drift. Such a mantle, it is argued,
provided a fresh surface and on it a new, possibly in part glacially influenced,
drainage pattern evolved. Ultimately, its superimposition led to the development of the discordant drainage sections at locations where the streams were
let down onto the underlying Charnian or intrusive rocks.
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A PROBLEM OF THE SOAR VALLEY
by

P.E.KENT
In his outstanding newly-published paper on "The Quaternary Deposits of
C.Cntral Leicestershire" (Phil. Trans. Roy. Soc., 1968) Dr. R. J. Rice comments on the "curious and as yet unexplained transformation" by which the
Soar changes from very large meander loops above Quomdon to a steeper
gradient and nearly rectilinear path in a narrow flood plain downstream. He
comments that the failure of the river to trim back the constricting spur,
not only at present river level but also during the preceding erosion phase,
"betokens something more than a normal head of rejuvenation" (p.503).
A possible explanation may be found in the local solid structure. The
Sileby Fault, two miles to the south-east, has a downthrow to the north-east
of more than 50 feet, probably 200-300 feet, and is likely to continue northwestwards; it seems significant that its line of continuation crosses onto the
Soar alluvium where the change of meander style occurs. Late movement
of the fault would be precisely what is needed to affect the drainage, especially
if associated with very slight antithetic tilting of the upthrown block (of the
order of a fraction of a degree), which would assist meander formation.
This might be considered a far-fetched hypothesis, but for the demonstration by Shotton in his Presidential Address to the Geological Society
(Q.7. Geol. Soc. 1965, 419-434) that on the M-1 motorway in Leicestershire
faulting of the solid rocks post-dates the Boulder Clay, and that on the same
Sileby line six miles north-west of the Soar drainage anomaly the Diseworth
earthquake demonstrated that deep fault movement persisted into the 1950s.
At least a remarkable coincidence.
Are there other cases of the same kind? Take the Hoton fault, the next
fracture north-west in the same system, which almost certainly continues
across the Soar Valley, past Kegworth, and is next mapped as a half-mile
stretch heading for the Trent alluvium just south of Hemington. At the latter
place this throws gypsum beds-probably the Newark gypsum-against the
base of the Keuper Waterstones (resting on Millstone Grit nearby), so that
the displacement is probably several hundreds of feet, and lateral continuity
of the fault across the adjacent alluvial area reasonably certain.
Here there is little effect on the Soar-except for a very strong isolated
kink in the course at Kegworth which might be worth investigation-but on
the fault line the Trent itself changes pattern from a mildly sinuous course
to strong meandering which continues to Nottingham. Overloading by
alluvium from the Derwent may be a major factor in producing these
meanders, but is it only coincidence that here again the river gradient changes
on a major fault line?
Looking around the geological map of the Midlands one can find other
possible cases of positive correlation of faults and river behaviour-and
obvious cases of negative correlation. To establish a link requires at least a
review of the local history as shown by the river terraces, but our concepts
of the date of faulting have now changed, and there is clearly a problem for
detailed investigation. Any volunteers?
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