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Figure 4: Biostratigraphy of lake sediments [simplified]. 1, Sphagnum peat; 2, wood peat ["carr"]; 3, coarse detrital mud; 4, fine
detrital mud; 5, rhythmite/ lacustrine clay; 6, sand & gravel; 7, coarse gravel; 8, bedrock; 9, radiocarbon date; 10, other,
approximate date. Lines between columns link units of similar age. Broken lines show telescoping in sequence for convenience;
depths in metres below datum.
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a) ¢. 18,000 B.P. Merioneth ice cap
High level Glyder cirques
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Figure 5: Reconstruction of glacial conditions in Nant Ffrancon & north Glyderau showing probable appearance of glaciers at [a,
top] ca. 18,000 BP and the Merioneth Ice Cap maximum, and at [b] ca. 13,000 after its decay and replacement with local cirque
and valley glaciers.
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Figure 7: Bedrock Geology. Crest of glacially excavated rockwalls shown by solid lines: lakes stippled.
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Figure 8: Irish Sea and Welsh Ice deposits at Dinas Dinlle [simplified section] 1, Irish Sea Ice till; 2, Welsh Ice till; 3, sands and

sandy silts; 4, coarse sands and gravels; 5, recent & modern soils, etc..
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Field Meeting Report: Staple Edge in the Forest of Dean, led by Bill Draper 5™

October 1986

Les Dolamore'

DOLAMORE, L. (1987). Field Meeting Report: Staple Edge in the Forest of Dean, led by Bill Draper 5" October
1986. Proceedings of the Shropshire Geological Society, 6, 30-35. The purpose of the field meeting was to visit
exposures typical of the Forest of Dean, from the Devonian Brownstones up through the Carboniferous Limestone

and into the Coal Measures.

1aﬁ‘iliation: Members of the Shropshire Geological Society

INTRODUCTION

The day was cool, dry and misty when we
assembled in the car park at the Heritage Centre
in Soudley, preparing to follow the Geological
Trail (illustrated in Figures 1 to 3).

The Forest of Dean is bounded by the rivers
Wye in the west and Severn in the east, it includes
the towns of Ruardean and Mitcheldean in the
north and Lydney in the south.

GEOLOGICAL SETTING

The Forest of Dean follows the extent of a
synclinal basin which has determined the
succession and structure of the area. During the
Devonian and through to the end of the
Carboniferous, the basin was a continental shelf
sea with St Georges Land to the north. Sediments
from St Georges Land were being washed down
by the south-flowing rivers into the basin 400 to
300 million years ago, whilst the beginnings of
the Variscan (Hercynian) tectonic episode was
causing periodic and frequent changes in the level
of the shelf seas.

Devonian Brownstones are the oldest rocks
exposed in the Trail area, although there are older
Devonian and Silurian rocks in the north-east
corner of the Forest. The Brownstones are
micaceous, and sometimes calcareous, sandstones
with cyclothems of mudstones, conglomerates
and sandstones. The conglomerates contain
mainly locally derived quarts-vein pebbles, with
some jasper and igneous material, all set in a
sandy siliceous cement matrix.
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The Tintern Sandstone Group comprise
sandstones and mudstones in cyclothems and are
similar in origin to the Brownstones. The non-
sequence illustrates a possible short period of
recession of the sea with little or no erosion taking
place. Conditions then became suitable for
limestone deposition as the Carboniferous Period
developed. The Lower Limestone Shale is usually
fine-grained and dolomitised, and in some places
may be oolitic and crinoidal.

The Lower Dolomite is a massive fine-grained
dolomitic limestone with poorly preserved fossil
brachiopods and crinoids. Crease Limestone in
the south of the Forest is either oolitic or
crinoidal, elsewhere it is altered to coarsely
crystalline granular dolomite. The dolomitisation
is thought to be of secondary origin, associated
with the iron mineralisation.

Whitehead Limestone is a fine-grained
dolomitic limestone with some shale bands. It
contains fossil algal colonies, thought to have
formed in very shallow marine conditions after a
period of non-deposition.

The Drybrook Sandstone is mainly sandstone
with some shales and conglomerates, the
sandstone containing rounded wind-eroded grains
and cyclothems, suggesting land deposition by
meandering rivers.

All these Lower Carboniferous sediments
indicate frequent variation in sea level and the
proximity of a land area to the north.

The non-sequence, following up the
succession, again indicates a period of up-lift of
the land area, or a drop in sea level, with little
erosion occurring.

The Coal Measures are present in both lower
and upper groups. The Lower Group is
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represented by the Edgehills Sandstone which is a
coarse sandstone with conglomerates and one thin
coal seam, but there is no Millstone Grit.

The Trenchard Group of Upper Coal Measures
rests unconformably on both the Carboniferous
Limestone and the Devonian. It consists of
sandstones, shales and conglomerate, with one or
two coal seams.

The Pennant Group, of massive sandstones
and some shales, contains the most important coal
in the area, the Coleford High Delf seam, at its
base.

The Supra-Pennant Group consists of shales,
mudstones and thin coals in its lower division, the
Upper division having only sandstones and
shales.

The main Variscan orogenic movements
occurred after the Coal Measures deposition and,
although there are no Triassic or Jurassic rocks in
the Forest, they occur nearby and must have been
deposited all over the Carboniferous sequence,
but now stripped off by subsequent events.

IRON MINERALISATION

The mineralisation of the limestone in the Forest
is Neptunean in origin, the deposition taking place
from descending solutions, via joints and bedding
planes, by metasomatic replacement of the calcite
in the limestone. The iron minerals were able to
penetrate due to the dolomitisation which
increases the porosity of the limestone.

The source of the iron minerals is a problem
yet to be solved.

The iron-bearing ores have a mineralogy
comprising a mixture of oxides of iron such as
goethite (FeO.OH), hydrohematite (Fe,O03.2H,0),
hematite (Fe;O3), and other hydrated oxides under
the all-embracing title of Timonite'.

The deposits occur mainly in the Crease
Limestone as large orebodies or irregular masses
up to 100 metres long by 10 metres in thickness,
usually extending down dip, and connected by
veins called 'leaders'. Orebodies near the surface
were excavated in open pits, known locally as
'scowles'. Iron working goes back to the time of
the Romans or even further, the smelting was by
charcoal.

Underground mining for both iron and coal
was not developed until the seventeenth century,
when steam power for hauling and pumping
became available. The tradition of 'Free Mining'

Proceedings of the Shropshire Geological Society, 6, 30-35

31

goes back to mediaeval times when certain rights
and freedoms were claimed from the Crown. To
be a Free Miner requires certain rigid
qualifications and they are very jealous of their
privileges. The last large-scale mine closed in
1965, but there are a number of small adit mines
still being operated intermittently, and recently
there has been some open-cast working.

PUBLISHED GEOLOGICAL TRAIL

In 1981 the Nature Conservancy Council
published a 24-page booklet, by Andrew
Mathieson of Bristol City Museum, describing a
teaching trail of twelve locations. Due to growth,
weather, wear and tear, and so on, three of the
locations have become inaccessible. We visited
locations 1 to 9 but continued to walk the trail
through the Forest to location 10, then returned on
foot by road to the Heritage Centre in Soudley.

ITINERARY

LOCALITY 1: Railway cutting [SO 654 104]

Starting at the Heritage Centre we took the B4227
road into Soudley towards Ruspidge. After about
half a mile, on the right, is the well-defined track
of a disused railway. At about 30 metres from the
road, a steep-sided cutting shows:

a. Brownstones with cross-bedding,
mudstones with suncracks occurring
together in cyclothems. About 20 metres
thickness exposed.

b. Quartz Conglomerate — about 4 metres
thickness, locally derived pebbles plus
some from further away.

c. Tintern Sandstones with cyclothems, cross-
bedding and ripple marks.

The non-sequence between a. and b. provides
evidence for the changing sea level up and down
the shore of the Old Red Sandstone Continent.

LOCALITY 2: Upper Soudley Sand Pit [SO
653 107]

Upper Soudley Sand Pit is a small quarry in
Tintern Sandstone, the top 8 metres of the
Devonian succession. Cross-bedding is evident,
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solifluxion has overturned the top layers of
bedding. The sand is very micaceous and well-
coloured.

LOCALITY 3: Blue Rock Quarry [SO 653
108]

Blue Rock Quarry yielded limestone at the turn of
the century; small kiln ruins are at the base.

Lower Limestone  Shales (base of
Carboniferous) are exposed at the top of the
quarry with alternating fine-grained limestone and
calcareous mudstone with brachiopods, crinoid
ossicles and wormcast fossils. The curious
cavities on the high wall appear to be due to
small-scale blasting.

LOCALITY 4: Brinchcombe Tunnel, North
Entrance [SO 653 109]

Lower Dolomite is exposed with the bedding and
jointing well-developed but easily confused.
Traces of cross-bedding on the vertical faces.
Dolomitisation is the conversion of calcium
carbonate to calcium magnesium carbonate by
hypersaline marine conditions, such as may occur
at the base of reefs. Up to 15 per cent of the
calcium may be substituted.

LOCALITY 5: Perseverance Iron Mine [SO
652 113]

All that can now be seen of the mine is the
concrete capping to one of the shafts. Iron ore
from the Crease Limestone was extracted by deep
mining to about 400 feet. Some 370,000 tons of
ore was obtained. Closed 1899.

LOCALITY 6: Perseverance Road Cutting
[SO 652 112]

The Perseverance Road Cutting exposure is at the
left side, probably in the top of the Lower
Dolomite, overlain by Crease Limestone, a coarse
and granular dolomite containing hematite and
limonite and about 10 metres thick. Then 14
metres of Whitehead Limestone, a shallow water
deposit having brachiopods and crinoids also, but
very difficult to see, fossil algal structures.
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LOCALITY 7: Staple Edge Sandstone
Quarries [SO 651 111]

The Staple Edge Sandstone Quarries are two
disused quarries where building sand was
extracted. The exposures are in massive Drybrook
Sandstone with cyclothems of shales and
conglomerates. ~ Some  fossils,  including
brachiopods and gastropods were seen. Evidence
of fluvial deposition, channelling, washouts,
ripple marks and wind-eroded sand grains were
all present.

LOCALITY 8: Mr Warren's Gale (Free
Mine) [SO 649 109]

This is an adit in the Coleford High Delf seam
which outcropped here. The mine was not in
operation. The adit follows the dip of the seam
some way before being worked more easily along
the strike.

LOCALITY 9: Chimney Scowles [SO 651
105]

Chimney Scowles is a disused ironworking, so
called for the eighteenth century stone-built
chimney, used for inducing ventilation in the
deeper parts of the mine. We were able to enter
the workings for a short distance to follow the
leader’ and get an idea of the ways in which the
ore was emplaced. The country rock is the
dolomitised Crease Limestone.

In 1981 the Nature Conservancy Council published a 24-
page booklet, by Andrew Mathieson of Bristol City
Museum, describing a teaching trail of twelve locations.

The maps and tables which follow are reproduced
from the Trail Guide Book, a copy of which is held in the
Society Library.

Prior permission to visit the Trail is required from
the Forestry Commission; details may be obtained at the
National Conservancy Council Office at Attingham Park.

Disclaimer - The information contained in this account
has been prepared from notes taken during the field
meeting. Its sole aim is to provide a record of what was
seen and provide an insight into the diversity of geology
exposed within the Forest of Dean. It should not be used
for any other purpose or construed as permission or an
invitation to visit the sites or localities mentioned.

© 1987 Shropshire Geological Society



FOREST OF DEAN

GEOLOGICAL SUCCESSION IN THE FOREST OF CEAN
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Figure 1: The geological succession within the Forest of Dean.
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SIMPLIFIED GEQLOGICAL MAP OF THE FOREST OF DEAN
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Figure 2: Simplified geological map of the Forest of Dean.
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MAP OF TRAIL ROUTE

NEW FANCY
PICNIC SITE

Scale 1:25,000

Figure 3: Map showing the location and route of the Geological Trail.
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The accretion of sedimentary rocks at subduction zones and how Barbados became an

island

Graham Westbrook'

WESTBROOK, G. (1987). The accretion of sedimentary rocks at subduction zones and how Barbados became an
island. Proceedings of the Shropshire Geological Society, 6, 36-37. The account of a lecture describing the
accretion of sedimentary rocks at subduction zones and how Barbados became an island.

1aﬁ‘iliation: Geology Department, Birmingham University

Using slides, the geophysical aspects of the
modern theory of plate tectonics was introduced.
First the speaker looked at Seasat satellite pictures
which showed deviations in the heights of sea
level over the earth. A further slide, a derivative
of the first, displayed gravity anomalies which
emphasised the very strong anomalies at
subduction zones. Maps of earthquake and
volcano occurrences, topography of the sea bed
and bathymetry correlate to pinpoint the positions
of subduction zones, mid-oceanic ridges and
transform faults.

With the aid of diagrams showing sections
through a typical subduction zone, the speaker
was able to show how and where earthquake foci
and volcanoes occur and how gravity anomalies
are related to rock density and upthrust of one
plate over another. He also explained briefly how
island arcs are created on the 'uplift' side of a
subduction zone, often many kilometres away
from the associated trench.

He examined the Aleutian Islands, the
Marianas and the Lesser Antilles in the eastern
Caribbean, in some depth to show how
accretionary complexes associated with these arcs
have come into being. The Lesser Antilles in the
eastern Caribbean was chosen as an illustration of
one explanation of this phenomenon. This island
arc has been active since the Palacocene. Large
amounts of sediment swept down from the South
American continent by the Orinoco River in the
Pliocene and Pleistocene have been laid down in
front of the island arc as turbidites in a submarine
fan on the plate being subducted. These overlie
older sediments dating back to the Cretaceous that
were laid down hundreds of kilometres out to sea
and are composed mainly of pelagic material; the
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remains of planktonic animals and fine grained
silica, micas and clays.

As this plate sank down beneath the plate
supporting the island arc, sediments at the 'leading
edge' were 'scraped off' in thrust slices, deformed
and folded. As the plate advances further, a
further slice is sheared off and inserted beneath
the next oldest slice moving it backwards and
upwards. All the time, a slope cover of new
sediments is deposited over the whole area. Thus,
in summary, each slice of accretionary material is
stratigraphically correct in that old rocks are at the
base and young rocks are at the top of each slice,
but the slices are arranged so that the youngest is
at the bottom and the oldest is at the top. This
pattern of stratigraphy and structure has led some
geologists to hypothesise that the Southern
Uplands are a relic accretionary complex from
Lower Palaeozoic times formed on one or more
margins of the Iapetus ocean.

Evidence from other parts of the world
suggests that some igneous rocks may be broken
off as well as the sediments, especially if pieces
are standing up as minor horsts or other highs
formed initially at mid-ocean ridges. Also, in
some cases, shear stresses between the plates
build up so the system becomes locked and then,
instead of moving along its previous suture, a new
fracture occurs breaking off flakes of material
beneath the accretionary complex and adding to
it.

A converse to this is Tectonic Erosion which is
the process of breaking material off the base of
the complex. Thus accretionary complexes do not
always grow — sometimes they diminish in size.

The Professor went on to show slides of
seismic sections and he explained how these were
produced by ships' equipment producing shock
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waves that travel through sea floor rocks and are
reflected back in varying ways depending on
changes in the physical properties of the rocks.
Boundaries between rock layers can be detected
in this manner. The Professor was able to interpret
and explain the sections and distinguish between
the basaltic ocean crust below a sedimentary
sequence. Subsequent sections showed positions
of folds and thrusts and a future project to drill
through such folds and date parts of the bores to
determine the rate of thrust was discussed. Folds
can be traced on bathymetric maps and can be
major structural features.

He also explained the technique of sidescan
sonar — a device towed behind a ship which
consists of a series of transducers emitting fine
sheets of focused sound every few seconds. The
returns are monitored on a visual display unit.
Slides of results of this technique showing a run
across an accretionary complex showed the front,
scarp ridges and folding.

The speaker also explained the process of
subcretion or underplating by means of the
formation of duplexes, in which lozenge-shaped
pieces of sedimentary rock called horses are
broken off and added to the bottom of the
accretionary complex.

Water within the pores of the rocks is held at
high pressure and this allows thin layers of rock to
slide over the underlying ocean floor. Sometimes
this water is squeezed out as warm water springs,
and also mud volcanoes can erupt at the frontal
edge of the accretionary complex.

The speaker and his American colleagues have
created a model of the Barbados Ridge
accretionary complex based on all the evidence to
hand, showing not only the uppermost layers but
the shape of the base of the complex also. One
problem for which he could not provide an
answer was whether some sedimentary material is
carried further down into the subduction zone.
However, seismic velocity readings appear too
high to allow a significant amount of the
sedimentary rocks to be present at depth.

In conclusion he looked at the rocks of
Barbados, which is an uplifted part of an
accretionary complex. Most of the island is
covered in coral, underneath which are basically
two main types of rock. The rocks of the Eocene
basal complex, sometimes called the Scotland
Formation, are composed mainly of deformed
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turbidites that were probably accreted at the front
of the complex when it was smaller. On top of
these are thrust nappes of the Oceanic Formation
which are pelagic and composed mainly of
foraminifera and radiolaria remains that had been
deposited on top of the complex and in forearc
basins. Pockets of gas and oil have been formed
from organic material carried by terrigenous
material and in fact there is enough gas to
completely supply the island's needs.

ACKNOWLEDGEMENTS

Based on notes by Joan Jones prepared during a lecture
given by Professor Graham Westbrook to the Shropshire
Geological Society on 15" October 1986.

Copyright Shropshire Geological Society © 1987.

ISSN 1750-855x

© 1987 Shropshire Geological Society



Evolution and extinction through time

ISSN 1750-855X (Print)
ISSN 1750-8568 (Online)

Fred Broadhurst'

BROADHURST, F. (1987). Evolution and extinction through time. Proceedings of the Shropshire Geological
Society, 6, 38-39. The account of a lecture describing past extinctions and evolution from the evidence of the fossil

record.

1 .o . .
affiliation: Geology Department, Manchester University

The lecture began by pointing out that all we
know about past extinctions and evolution has
been gained from the fossil record and he showed
slides of specimens to show how well some are
preserved. For instance some still show evidence
of colour bands and dye remnants. Not only the
ectoskeletons of invertebrates and skeletons of
vertebrates are preserved but also trails and
footprints. One slide showed a coalmine in Utah,
the roof of which shows tracks of a dinosaur.
Behavioural patterns of the dinosaurs can be
deduced from the fossil evidence. The tracks
seem to stop in front of a particular sequoia tree
and it has been supposed that the dinosaurs were
feeding there. Soft tissues too are sometimes
preserved and slides were shown of a shrimp,
spiders and a gigantic millipede.

The speaker went on to explain where such
fossils might be found. One of the most
spectacular venues is the Grand Canyon in the
United States which is a mile-deep gorge cut by
the  Colorado River through stratified,
sedimentary rocks. Dating shows that the
uppermost layers are very much younger than
those at the base of the stacks. Fossils collected
from the various layers here and at other locations
in the world produces a patchwork of information
which can be pieced together to produce a jigsaw
picture of the history of the Earth.

The Earth is believed to be about 4,500 Ma
and the fossil record stretches back to 3500 Ma.
For 7/8"™ of this time the record is dominated by
unicellular organisms - algae and bacteria. Then
in a relatively short time there was a rapid
transition and multitudes of multicellular animal
and plant species became apparent. What could
have caused this?

It is widely believed that the Earth's earliest
atmosphere was depleted of oxygen, but as the
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algae colonised the ancient seas they emitted
oxygen into the  atmosphere  during
photosynthesis, oxygen that could support the
more efficient aerobic respiration of more
complex organisms.

But another factor came into play also. At the
beginning of the Palacozoic Era there is evidence
to suggest that the world's sea levels rose, creating
shallow continental shelf seas. One suggestion for
this phenomena has been that at this time the
earth's land masses were grouped together as one
supercontinent and this began to fragment. What
were to become mid-oceanic ridges appeared and,
as parts of the supercontinent moved apart, hot
magma welled-up at the ridges. Hot rocks at the
ridges are of low density and displace much water
but as the rocks move away from the ridge and
cool they contract and sink. At times of high
levels of ridge activity therefore sea levels rise
and during periods of relative inactivity sea levels
fall.

The beginning of the Palacozoic Era then gave
evolving multicellular species oxygen and the

right environment to succeed and the
fragmentation of the continent produced
geographical isolation which supported the

evolution and divergence of species. Brachiopods
became dominant in the shelf seas, most species
being attached to the sea floor. Trilobites too
became prolific. The evidence also suggests that
predation pressure was much lower in those times
than in later ages.

The Earth is spherical and it is plain to see that
the fragments of the diverging supercontinent of
the early Palaecozoic Era would eventually meet
again with a resultant slowing of the plate tectonic
processes and shutting down of the ridge system
engine. This was the situation at the end of the
Palaeozoic Era, about 225 million years ago. The
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ridges cooled, the colder rocks sank and the sea
levels dropped, destroying the shelf seas and the
habitats of many common species. The resultant
supercontinent then broke up at the initiation of a
new plate tectonic cycle, with the consequent re-
establishment of extensive shelf seas. Different
species became dominant in these seas - the
ammonites and bivalves. These were more
resilient to attack from predators which also
became prevalent. The land became gradually
dominated by reptiles. The Mesozoic Era had
begun.

There is a hypothesis at the moment that at the
end of the Mesozoic Era, a large meteorite with a
diameter of about 10 km collided with the Earth.
The effect was to throw so much dust and debris
into the atmosphere that there was a permanent
night for perhaps months or even years. Many
species, such as the dinosaurs, perished and when
the atmosphere cleared the small mammals took
over niches previously filled by reptiles.
However, the crater of the meteorite has not been
found and this theory is lacking in proof. There is
nevertheless strong evidence in the stratigraphical
record to suggest that the sea-level at this time
dropped considerably and this may have had a
marked effect on the demise of the Mesozoic
fauna.

From the beginning of the Cenozoic Era
evolution has continued its path to give us the
diversity of animal and plant species that are
familiar to us and the dominant species now is —
man.
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The Ries meteorite crater — a unique geological feature in southern Germany

Richard Hofling'

HOFLING, R. (1987). The Ries meteorite crater — a unique geological feature in southern Germany. Proceedings
of the Shropshire Geological Society, 6, 40—41. The account of a lecture describing the Ries meteorite crater.

1 .o . . .
affiliation: Munich University

The lecture began by comparing the surface of the
moon with that of the earth and pointing out that
the reason that the moon is badly crater-marked is
because of the number of collisions there have
been with meteorites. These are believed to
originate from the asteroid belt, a region between
Mars and Jupiter, where it seems a planet
disintegrated and fragments of it now follow an
ellipsoidal orbit around the sun and frequently
shower the inner planets with meteorites.

The reason why the earth is not so badly
marked is because, even though collisions have
been relatively as frequent as on the moon, the
earth's crust is dynamic and most craters have
been destroyed by tectonic processes or erosion.
Well-known examples of craters on earth are
apparent near Quebec, the Western Territories of
Australia and Arizona and the Ries crater situated
in the rectangle between Regensburg, Stuttgart,
Nuremberg and Munich in Southern Germany. It
was this latter example that the speaker wished to
discuss.

The Ries crater is almost perfectly round with
a diameter of approximately twenty-four
kilometres and is spectacularly different to the
surrounding uniform landscape of the Swabian
and Franconian Jura Mountains (otherwise known
as Alb) in that it is a flat fertile plain. For nearly
200 years German and foreign scientists tried to
unravel the mystery of the Ries formation, many
theories were formulated, including most
popularly that there had been a Ries volcano
which had long since disappeared leaving as its
only trace its ejecta masses.

Crater rim rocks and the steep sides of
Malmian limestone quarries within the crater
show signs of some great destruction. Rocks are
rarely larger than head-size and the regular, near-
horizontal layering that is usually characteristic of
Jurassic limestones, has totally disappeared. The
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rock itself is so completely fractured it can only
be used for rubble for road building. In the region
of the rim completely illogical layering of the
rocks is found; rocks known to be older than the
Malmian limestones are lying on top. A
catastrophe of tremendous proportions must have
been responsible for the inversion of the rock
layers in such a manner and where the older ejecta
masses overlie younger rocks the area of contact
is striated, polished, scarred, scratched or flawed.
These features had been explained, in past
centuries, as the result of a Ries glacier.

In 1960, however, Professor Shoemaker, an
American who had been working on comparisons
between the effects of meteoritic impacts and
artificial nuclear explosions, sent samples of Ries
rock to his colleague, Dr Chao, in Reston,
Virginia. Using X-ray techniques, coesite was
found. This is a high pressure modification of
quartz needing up to 300 kilobar for formation
and is considered to be incontestable evidence of
meteoric collision. The speaker showed slides
showing the similarities of Ries quartz grains with
lunar samples.

Much research has since been carried out on
the Ries crater and scientists now conclude that
the impact occurred some 14.8 million years ago
and that the meteorite had a diameter of between
800 and 1200 m and hit the surface at a speed of
approximately 20 to 60 km per second. The
energy released is comparable to fifty 100
megaton bombs exploded simultaneously.

With the help of a series of diagrams, the
speaker explained one theory of how the
meteorite pierced the atmosphere and hit the
Tertiary surface of the Alb. Milliseconds before
impact the air between the meteorite and the earth
was compressed and intensely heated, lateral
release of the pressure consequently melted and
forcibly expelled a thin layer of the earth's
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surface. A fountain of small glass drops was jetted
out and evidence of these are found in parts of
Czechoslovakia! The meteorite then struck the
earth and penetrated approximately 700 to 1000
m into the crystalline basement. The body itself
and adjacent rock were immediately compressed
into a quarter of their original volume, and within
only a few seconds a deep basin-shaped primary
crater was formed. Compression waves, many
times the speed of sound, were propagated into
the surrounding rocks, spherically.

After only two seconds the main ejection
phase began. First younger rocks and then older
ones were discharged in an inverse sequence to
the original layering. A thorough mixing occurred
in some regions creating the Bunte
Trummermassen which covered the whole of the
Ries foreland. Tons of Malmian limestone
megablocks flew through the air to distances of
up to 60 km away.

Some of the meteorite's kinetic energy was
converted to heat, the rocks reaching temperatures
of several thousands of degrees. The meteorite
and adjacent rock vaporised and an incandescent
vapour cloud left the crater. Melted crystalline
basement fragments, dust and a small portion of
sedimentary rocks mixed and were deposited on
top of the Bunte Trummermassen with inclusions
of deformed glass bodies. This on cooling created
the rock 'fallout”: suevite. A similar rock found in
the crater basin with fewer glass inclusions is
believed to never have been highly ejected and is
termed 'fallback’ suevite.

The compressed rock of the crystalline
basement sprang back causing an upward
movement and intense mixing of the crystalline
rocks. This resulted in the central part of the
primary crater being filled and the rim sank
creating an inner ring of elevations.

The ever climbing gas and vapour clouds
caused deluge-like rainfalls. Immense mud
torrents raged within the crater and the crater was
filled with boiling mud. Ejected rock masses had
disrupted the drainage systems of the region and
soon the crater became filled with water — pouring
in as rivers over the rim and seeping in from the
groundwater as well as from the torrential rainfall.
The Ries lake had formed and is believed to have
had no outlets and, due to high evaporation and
ground solutions, was very rich in salts and had a
high soda content. Very few well adapted water
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plants and animals could settle in and around the
lake. Almost immediately sedimentation began,
firstly of coarse, clastic rocks then with finely
layered silts and marls. After two million years or
so a change in climate and larger inflowing
streams changed the water to predominantly fresh
water and finally the lake silted up. Brown coal
deposits in eastern Ries are evidence of swamps
and their plant remains.

The speaker went on to show slides of fossils
to be found in the Ries crater. Green algae, such
as Characeans and Cladophorites, were largely
responsible for the construction of bulky
calcareous build-ups at the lake edge. The snail,
Hydrobia trochulus is found in tremendous
numbers and is an indication of the high salinity
of the Ries lake as are the rock building ostracods,
Amplocypris risgoviensis. In contrast the presence
of the snail, Planorbarius cornu mantelli in later
times, indicates a more fresh water environment.
Numerous fossil finds of bird bones, feathers and
eggs document one of the best early Tertiary bird
fauna in the world and many mammals have been
identified from various outcrops.

The present form of the Ries was reached
towards the end of the Tertiary and during the Ice
Age was subjected to alternating cold and warmer
spells. In the course of the last cold spell the Ries
was subject to similar conditions to the modern
day Arctic. Summer vegetation consisted of hardy
cold-steppe shrubs and herbaceous plants but no
trees. One region of the crater is well known for
finds of mammoth and wild horse teeth and
skeletons of woolly rhinoceros.
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