[ 67 ]

. The Corallian Rocks of Ouxford, Berks and North Wilts.

By W. J. ArkELL, B.4., B.Sc., F.G.S., Burdett-Coutts Scholar, Oxford University,
1925-27.

Commumnicated by Prof. W. J. Sorras, F.R.S.
(Received November 15, 1926,—Read June 30, 1927.)

(PrATES 1 AND 2 AND Mar.)

CONTENTS.
PAGE
L—INTRODUCTION . . v v v v v v v i e e e e e e e e e e e e e e e e e e e e 67
IL—FORMER WORK . . . . v v v v e e i e e e e e e e e e e e e e e e e e e 69
III.—TuE LowER CALCAREOUS GRIT PERIOD . . . . . . « « v v v v v v v o v v 0 o 73
IV.—THE BERkSHIRE OOLITE PERIOD . . . . . . . « « « v v v v v v v s v e e e a s 82
V.—Tue OsMINGTON OQOLITE PERIOD . . . . . . . . « « 4 v v v v v v e v e e 0 e 122
VI.—Tur UppErR CALCAREOUS GRIT PERIOD . . . . . . . . . « . o v v v v v v v o 148
VIIL—THE AMPTHILL CLAY . . .« & o v i i v i e it e e e e e e e e e e e e 151
VIIT—TuE TerM ‘‘ CORALLIAN,” ITS SUBDIVISIONS AND CORRELATION . . . . « « « + « + . 154
IX.—CORALLIAN GEOGRAPHY . . . . . . . . e e e e e e e e e e e e I 158
APPENDICES.
T —PALBONTOLOGY v« v v v e e e e e e e e e et e e e e e e e e e e e e e e 162
178

T 5

I.—INTRODUCTION.

The rocks described in this paper strike roughly E.N.E.— W.8.W., from Wheatley, near
Oxford, to the neighbourhood of Wootton Bassett and Tockenham in Wiltshire, a distance
of about forty miles. They are mapped on the Old Series 1-inch Geological Survey
Maps, sheets 13 and 34, and those portions east of Kingston Bagpuize also on the New
Series 1-inch Oxford Special Sheet. The extreme south-westerly portions have also
been recently re-mapped by the Survey on the new Marlborough sheet.

This strip of rocks, of which the average breadth is about two and a half miles, varying
from five miles to nothing, has resisted subaerial denudation to a greater extent than
the Oxford and Kimeridge Clays below and above it. In consequence it forms a con-
spicuous ridge, roughly parallel to the Chalk escarpment, dividing the Vale of the White
Horse (in its broadest sense) into the valley of the Isis on the north and the valley of the

Ock on the south. Near Wootton Bassett is the water-parting between the Bristol
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Avon and the Thames, of which the Isis is the upper portion, above Abingdon, the
point of confluence with the Ock. All the formations within this area have an apparent
dip to the north-east.

~ The Corallian formation in the district with which this paper deals is considered to
comprise five divisions [3 and 4]* :—

5. Upper Calcareous Grit.

[4. Trigonia clavellata Beds ; doubtfully represented.]
3. Osmington Oolite Series.

2. Berkshire Oolite Series.

1. Lower Calcareous Grit.

These rocks are described, the various exposures are correlated, and an attempt is
made to show the position which they occupy in the Corallian formation as a whole,
both in other parts of England and on the Continent. It is endeavoured, by means of
detailed analysis, to throw some light on the conditions under which the rocks were
formed, and to account for the apparently meaningless variability which, to a casual
visitor to only a few of the exposures, seems to characterise the formation, both
palzontologically and lithologically.

It is shown that it is only by detailed work, carried out in conjunction with a broad
survey, that we can hope to understand such questions as the distribution of land and
sea, the location of coast-lines and of rivers controlling the sedimentation and the
growth of corals, or the tectonic movements which repeatedly modified the Jurassic
landscape. It is contended that such problems can best be solved by a comparison
of the facies changes and faunal associations preserved in the rocks with their modern
analogues in the coral seas at the present day. Such considerations have been kept
constantly in view in the course of the work.

The paper concludes with a revision of the fauna, some new species being described,
and with a geological Map of an important area in the centre of the district, where the
relations and surface features of the stratigraphical subdivisions established are best
shown.

Before proceeding the writer is anxious to express his thanks to the following, who have
been of great assistance in various branches of the work : Prof. W. J. Sorras and Dr.
J. A. Doveras for much valuable help in the field, the laboratory and the library ;
Mr. R. C. Spizier for examining the pebbles ; Mr. H. S. Straw for help with the corals ;
Mr. J. PringLE for his invaluable collaboration while engaged on the Corallian section
of the recently published Geological Survey Memoir of the Oxford district, during the
preparation of which opportunities arose for discussion of problems in the field; Dr.
A. Morrey Davies for putting at the writer’s disposal his notes and collections from
the Ampthill Clay ; Prof. H. L. Hawkins for the latest information concerning the

* Figures in square brackets refer to the list of works at end of the next section,



CORALLIAN ROCKS OF OXFORD, ETC. 69

Echinoderms ; Mr. S. S. BuckmMaN and Dr. L. F. Spata for fruitful discussions on the
subject of the ammonites ; Mr. L. R. Cox for help in the British Museum ; Mr. A. D.
Passmore for his valuable photographic assistance. :

II.—ForMER WORK.

The earliest work published on the Corallian in this area was of a purely descriptive
nature. In 1832 LonspaLr described the quarries at Highworth and carried out the
detailed investigation of the sequence around Calne, eight miles south of our area [19].
Later, in 1858, E. Huww, working for the Survey, mapped much of the central parts and
re-described the Highworth quarries and others, but from his mapping and his accom-
panying short memoir it appears that he did not understand the succession so well as
LonspaLg [14].

The first attempt at a faunal list from the formation was published in 1861 by J. F.
Wharreaves. This formed a basis for Pririies’ list of ten years later, but naturally it
must not be too much relied upon, for a great many Lower Jurassic fossils were supposed
to reappear in the Corallian on the ground of what would now be considered purely
superficial similarity. WaITEAVES described and figured four new species from the
local rocks [46]. JomN Pminips, in his ‘Geology of Oxford and the Valley of the
Thames,” 1871, gave a brief account of the formation, with some excellent drawings of
local fossils and a revised list containing many others [29].

It was left for Messrs. BLakE and HupLESTON in 1877 to give a thorough and coherent
description in their famous paper on “ The Corallian Rocks of England ”[6]. Their
work was so thorough and so accurate, so far as it went, that it will always be the starting
point for any study of the Corallian in this country. Indeed, most of their descriptions
of exposures are so lucid that every bed can still be immediately recognised, and this
part of their work cannot be too highly praised. _

The wide extent of country which they covered, however, and the time in which they
covered it, did not admit of their visiting more than a tenth of the exposures, of paying
anything but a superficial attention to paleontology, or of lingering long enough in any
locality to think out the special local problems. Their work is further open to more
general criticism on the grounds mentioned by Mr. Buckman [9]. Correlations, where
not omitted altogether, are generally implied in the text instead of being separately and
clearly tabulated, and conclusions are obscured by detail. The work suffers much
from the lack of any adequate paleontological time-scale, a necessary result of the
unsatisfactory state of paleeontological knowledge obtaining at the time.

In ‘ The Jurassic Rocks of Britain ’[47], 1895, H. B. WoopwaRD gathered together
much material of mixed value. In most respects little advance was made on BrLakE
and HUDLESTON’s paper of 18 years earlier, though some additional sections were
described for the first time. What would have been valuable fossil-lists are rendered
practically useless by failure to state from which beds the fossils were obtained.

K 2
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In the Memoir accompanying the Oxford Special Sheet, published by the Geological
Survey in 1908, are embodied the results of the surveyors’ work in the field in the extreme
eastern part of the area. The most important contribution is the mapping of the
Wheatley and Stanton St. John district by Mr. H. B. Woopwarp [30].

Until 1918 the exceedingly primitive and clumsy zoning still prevailed, in accordance
with which the Corallian rocks of this part of England were divided into a lower zone
of Ammonites perarmatus and an upper zone of Ammonites plicatilis. The name
“ perarmatus ”* was scarcely more diagnostic than ““ Aspidoceras > at the present day,
though even Braxk: and HuprLeston remark that “the group of Ammonites passing
under this name presents three well-marked forms, varieties or species.” Similarly
“ Ammonites plicatitlis ” included practically all the Corallian Perisphinctids. The
unsatisfactory nature of this system of zoning was apparent when Plicatiloid Peri-
sphinctids were found in the Lower Calcareous Grit and Aspidocerates high up in the
Berkshire Oolites In 1913 Dr. SaLrrrp published his classic paper “ Die Gliederung
des Oberen Jura in Nordwest-Europa ” [38]. In this work six zones were assigned to

the Corallian, from the Lower Calcareous Grit to the top of the Sandsfoot Grits, Ammonites
“being chosen as index fossils, and figured in a contemporary paper. But the state of
knowledge of our local rocks at that time is indicated by the only mention of them in
Dr. SaLreLp’s tables; the “ Cale. Grits of Highworth and Coral Rag of Wiltshire
are bracketed together and assigned to the zone of Perisphinctes warte, the whole being
correlated with the Sandsfoot Clay !

Eleven years elapsed after the appearance of Dr. SALFELD’s papers before the publica-
tion of the results of any further work in the district. In 1919 Mr. BuckMAN began to
figure Corallian Ammonites in * Type Ammonites,” and in 1924 to describe representative
sections and hemeral sequences. Some of the old and many new forms received new
generic and specific names, and by 1925 the Corallian had been divided into 3 Ages
and 38 Hemerzw, of which 26 were said to be represented in the Oxford district [9, p. 67].
It has been one of the principal objects of the paleontological part of the present work
to examine these hemers in the field and to test how far they are of value.

The most recent work on the district is by Mr. PRINGLE, in the new edition of the
Geological Survey Memoir accompanying the new edition of the Oxford Special Sheet.
The opposite extremity of the area was also touched upon in Mr. O. WHITE’S memoir
accompanying the new Marlborough Sheet, published in 1925 [45]. The greater part
of the area dealt with in this paper, however, the most important central region, has
remained virtually unexplored since 1877.

Since the days of Dr. BuckLAND members of Oxford University have collected fossils
from the Corallian of Headington, Marcham, and other famous quarries in the neigh-
bourhood, and have deposited them in the museum. In the large collections so formed
fine specimens and rare species abound, but their value, in most instances, is seriously
impaired by the lack of labels, obliging investigators to rely solely on matrix as a
guide to identifying the horizons from which they were collected.
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1II.—Tae Lowrr CaLcarREOUS GRIT PERIOD.

(@) The Sands and Sandstones.

Between Wheatley and Wootton Bassett the Oxford Clay is usually succeeded by
calcareous sands, often cemented in the form of doggers or large lenticles into very hard
blue-centred or iron-stained sandstone, known collectively as the Lower Calcareous Grit.
Details are so variable from place to place that no useful purpose is served by minute
description of particular exposures or subdivision of the series into numbered beds.
Near Oxford extensive false-bedding makes this impossible. Not the least variable
feature of the Lower Calcareous Grit is its thickness. In some places it is absent
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altogether, while in others it attains a thickness greater than is anywhere attained by
the whole of the rest of the formation together—nearly 80 ft.

Although the Lower Calcareous Grit possesses all the irregular features of a sandbank,
with great differences in magnitude in short distances, certain interesting points are
revealed by a consideration of the average thicknesses throughout the district. In
the east, about Oxford, the maximum thickness proved in wells is 50 ft., at Littlemore
and Chawley. The areas in which such a thickness is attained are only local, and the
usual thickness is from 20 ft. to 40 ft. In some places it is less, as in the little valley
the bottom of which is filled with bog, which runs from Southfield Golf-links to the south
of Wingfield Hospital. The thickness here cannot be much more than 12 ft. In the
boring at Wootton it was proved to be 11 ft., the boring passing from Coral Rag through
the Lower Calcareous Grit straight into 34 ft. of “ soft, soapy * Oxford Clay [5, p. 102].

Passing south-westward from Wootton the thickness is much less erratic and increases
steadily. In a mile and a quarter, at Cothill, it has become at least 35 ft. At the
Frilford boring, two miles farther, it has reached over 50 ft.—52% ft. being proved [5].

The next deep borings, at Faringdon, Goosey and Shrivenham, proved 70 ft., 79 ft.
and 76 ft. respectively. These three borings are situated approximately in the centre
of our area, and record the greatest known thicknesses of Lower Calcareous Grit in the
district [5].

Passing westward a progressive thinning is indicated by all the borings. In about
three miles, at Highworth, the greatest thickness has become 30 ft., and three other wells
and borings proved 26 ft., 22 ft. and 21 ft. respectively [44]. Four miles farther, on
the slopes of Blundson Hill, it is easy to see that more than 20 ft. cannot be present and
that the usual thickness is from 10 ft. to 15 ft. In yet another mile the Lower Calcareous
Grit dwindles to a parting of sand scarcely capable of being mapped, and finally dis-
appears altogether. Then for eleven miles the Oxford Clay and Upper Corallian are
nearly everywhere in contact, after which, outside the confines of our district, the normal
sands reappear, forming a prominent feature from Spirthill through Bremhill to Calne
and beyond.

There are two exceptions, however, in the area where the Lower Calcareous Grit is
usually absent. A small ““ pocket *” of the sands exists at Tockenham Wick and extends
to the outlier forming Grittenham Hill. A second, even more local patch, forms Paven
Hill, Purton, and the bluff on which Ringsbury Camp is cut. This “ pocket ” was
penetrated by a well at Paven Hill, which proved 50 ft. of sands with hard bands. A
well at the neighbouring Purton Vicarage passed through 20 ft. of Coral Rag straight
into Oxford Clay. This great variability of thickness is reminiscent of the Oxford
district, at the opposite extremity of our area. Part of the stratum mapped as Lower
Calcareous Grit at Purton consists of non-calcareous Rhaxella chert, similar to the
Arngrove Stone at the north-eastern extremity of the district. This will be alluded to
on p. 79.

Concerning the paleontology of the Lower Calcareous Grit, regrettably little can be
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said of any but the upper parts. It was these sands that comprised the old zone of
Ammonites perarmatus. The finest and most productive exposures are at Marcham,
where the enormous excavations testify to the length of time during which they have
been exploited and explain the rich collections of fossils which have found their way from
Marcham to most of the museums in England.

The commonest Ammonites are dspidoceras catena, Sow. and Aspidoceras faustum,
Bavie. The former was so called on account of the loose chain-like way in which the
internal casts of the gas chambers are linked together, the septa and shell having been
dissolved away. Other ammonites occur in the same condition ; particularly Cardioceras
excavatum, SOW. (Anacardioceras excavatum, S.8.B.) of many varieties, ranging in thickness
(expressed as a percentage of diameter) from 28 per cent. to 41 per cent. Varieties of
Cardioceras vertebrale (Vertebriceras spp.) and Cardioceras cordatum (Anacardioceras
cordatiforme S.8.B.) also occur.

In the northern quarry near Sheepstead Farm is an impersistent marly band, con-
taining very large specimens of Nautilus hexagonus, and Belemnites abbreviatus. Careful
search on the weathered surfaces of the sandstone reveals innumerable finely broken
Lamellibranchs, and Exogyra nana, Ostrea gregaria ; other small oysters, Chlamys fibrosus,
Natica argute and Serpulee may easily be recognised. A band near the top is composed
almost entirely of the first three species. I have also obtained Bourguetia striata, Natico
felina, indications of a Plicatiloid Perisphinctid, a vertebra of T'eleosaurus, fruits of
Carpolithes plenus and much drifted wood.

Innumerable pebbles of so-called “ lydite * form a conspicuous feature of the Lower
Calcareous Grit at Marcham: They are here far more abundant and larger than anywhere
else, often attaining a length of as much as 256 mm. They are thoroughly smoothed
and rounded and, being very hard, they must have been subjected for a long time to
water action. As we pass westward these pebbles become less and less a feature of the
Lower Calcareous Grit, dwindling both in numbers and in size. '

The Marcham quarries, which expose about 30 ft., are typical of several in the vicinity.
They show the present top of the Lower Calcareous Grit, though much that is preserved
elsewhere has here been removed by erosion. Two quarries in Tubney Wood expose
lower beds. The lower parts, at depths of from 10 ft. to 30 ft., are practically unfos-
siliferous and devoid of pebbles, while the highest 10 ft. contain numerous fragments
of the Marcham oysters and are crowded with lydite pebbles, so that they probably
correspond to the base of the sands in the Marcham quarries.

Another feature of the Lower Calcareous Grit of Marcham and Tubney is the fantastic
false-bedding, which is here more marked than at any other locality. Here the sand-
bank appears to have been heaped up rapidly by changing currents. The dip of the
false-bedding gives no indication of the direction of the prevailing current, for dips in all
directions may be seen in the same quarry. TFalse-bedding in general, however, diminishes
westward progressively as the pebbles become scarcer and smaller, and by the time
Highworth is reached even-bedding is practically universal.

VOL. CCXVI.—B. L
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West of Marcham the Lower Calcereous Grit is exposed at Fyfield Wick, Draycot Moor,
Kingston Bagpuize, Pusey, Littleworth, Shellingford, Stanford in the Vale and in many
other quarries worked primarily for the overlying Berkshire Oolite limestones. In most
of these places it is unfossiliferous. In many the top shows an eroded surface, and in most
of them it has been indurated into an intensely hard band on which the hammer sparks.

In the Hangman’s Elm Quarry, Highworth, fossils occur in this indurated topmost band.
The most characteristic are beautiful casts of Natica arquts in highly polished or
opalescent calcite. I have also obtained a large inflated, smooth, keelless Cardiocerate
of the excavatum type (thickness, 58% per cent. at 196 mm.), and Nautilus hexagonus.
The eroded surface is here very marked.

The deepest exposure in the west is at Highworth Railway Station, where about
16 ft. of even-bedded yellow sands are seen. In a dogger about 3} ft. below the top in
another sandpit, south of Highworth, I obtained Aspidoceras sp., Cardioceras dorsale,
S.8.B. and casts of Natica arguta and Pleuromya tellina. All the other exposures have
proved unfossiliferous. '

Returning to the eastern extremity of the district ; in certain places we find beds which
appear to be newer than the greater part of the ordinary Lower Calcareous Grit. Such
occur at Cumnor, Cowley and probably Littlemore. At Bradley Farm Quarry, near
Cumnor, the false-bedded sands of Tubney and Marcham are overlain by a remarkable
stratum widely known as the Natica Band.

The Natica Band is a course of hard grit, 6 ft. thick, lying horizontally upon false-
bedded sands. It consists of two harder courses enclosing a central, irregular, softer
band, composed almost entirely of the casts of Gastropods. The commonest is Natica
argute, Phil., but the following is the complete list :—*

Cylindrites polygyrus. Natica (Ampulling) arguta.
Ceritella costata. Natica (4.) clio.
Pseudomelania condensata. Natica (4.) clytia.
Pseudomelania heddingtonensis. Natica felina.
Pleurotomaria bicarinata, Nerinea goodhalls.

Pleurotomaria reticulata.

The casts of Natica arguta are reminiscent of those in the indurated topmost bed
at Hangmans Klm Quarry, Highworth. Besides these Gastropods I have seen Velopecten
velatus, impressions of Plicatiloid Perisphinctids, and Cardioceras cordatiforme, S.S.B.
(typical). The typical form of the last fossil also occurs in the extreme top of the sands
at Headington, but still associated with C. excavatum.

Upon the Natica Bed lie 6 ft. of even-bedded interlaminated sand and clay. This
bed is suggestive of similar sand and clay separating the Trigonia Beds of Marcham,

* To save constant repetition, the sense in which the name of each fossil is to be interpreted throughout
the paper is set forth in Appendix I (pp. 162-178).
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belonging to the Berkshire Oolites ; but that it is really a part of the Lower Calcareous
Grit becomes apparent on closer inspection. It is overlain by a particularly fine specimen
of the Pebble Bed which always forms the base of the Berkshire Oolites, above which is
the Shell Bed with T'rigonia, Astarte ovata, etc. It is itself full of small Lower Calcareous
Grit lydite and quartz pebbles, but it contains no trace of the large pebbles of grey
limestone and indurated grit so characteristic of the Pebble Bed at the base of the
Berkshire Oolites. '

I have obtained Cardioceras cf. tenuistriatum from this bed and Br.ax® and HupLEsTON
mention that it contains “ nodules surrounding Ammonites cordatus, or enclosing a nest
of shells in which Cylindrites [polygyrus] is abundant. It also contains Natica clytia,
Gervillia aviculoides, Ostrea [gregaria] and Serpula tricarinata ” [6, p. 307].

BrapLEY FaRM QUARRY, CUMNOR.

OsmiNaToN OOLITE SERIES. Ft. ins.
9. Typical Coral Rag with fine reef corals in situ; Lima zonata, Chlamys nattheimensis,
Littorina muricata, Lithodomus tnclusus, ete. . . . . . . . . . . . . . ... Oto 4 O

On the N.E. of the quarry this rests directly on Bed 6, and appears to have grown
out over Beds 7 and 8, expanding towards the top.
8. Broken and ground up corals and shells, non-oolitic ; few whole fossils but Exogyra nana 0to 2 0

7. Consolidated ditto, forming a hard white limestone . . . . . . . . . . . . . .. Oto 1 10

BerksHIRE OOLITE SERIES.
6. Shell-cum-Pebble Bed. Cream-coloured limestone with pebbles at the base and many
shells, particularly Trigonia perlata, Astarte ovata, Gervillia aviculoides, Chlamys fibrosus,
C. splendens, Lima rigida, Natica casts, Pleurotomaria casts, Exogyra nana, Serpule 3in.to 1 10

Lowrr Carcareous GRIT.
5. Interlaminated sand and clay with chert and quartz pebbles. Cardioceras cf. tenuis-
IOl . . . . o o e e e e e e e e e e e e 2ft.6in.to 5 6
4,3,2, The Natica Band . . . . . . . . . . . . . . o 0 e e e e e e e e e e 6 O
4. Intensely hard calcareous grit with cherts.
3. Porous mass of Gastropod casts ; inconstant.
2. Intensely hard calcareous grit with cherts. -

1. Yellow false-bedded sand, with some seams of clay towards the top ; chert and quartz . 9 0

At Cowley the top of the Lower Calcareous Grit is highly fossiliferous in the quarries
beside the road to Horspath, but unfortunately these are now no longer worked. Three
feet of sands are still exposed, containing Chlamys fibrosus, Pseudomonotis ovalss, Exogyra
nana and Serpule. The sands contain an impersistent hard band, from which Mr.
BuckMaN records Cardioceras cordatiforme, C. excavatum, C. ammonoides, Cardioceras
cf. suessi, Perisphinctes kranaus, large «“ P. cf. triplex > and casts of Pleuromya [9, p. 51].

At Littlemore the Lower Calcareous Grit is seen to be even-bedded for at least 12 ft.
from the top. It consists of yellow sand with the usual indurated topmost band, and
three rows of doggers, the whole being very unfossiliferous. According to Mr. CoBBoLD
[10, p. 314] at 14 ft. there is a thicker, more constant hard band, which has been met with

L2
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at the Sandford sewage farm and elsewhere, and below this sands again. In a neigh-
bouring well the sands had a thickness of 50 ft. In the top part the sands are so pure
and of such fine texture that they are sent for moulding to Swindon Works.

All the sections so far described expose only the higher parts of the Lower Calcareous
Grit. No permanent sections of the lower portions, or of the junction with the Oxford
Clay, have ever been described or now exist, and our only information has perforce to
be gleaned from the records of wells and borings and the inspection of the tip-heaps
of a few of them. Palxontologically this critical region remains practically unknown.

The highest beds of the Oxford Clay exposed in the district sufficiently well to be
available for study are those in the brickyard at Horton-cum-Studley. This clay is
characterised by innumerable forms of small Cardiocerates of the * cordatum > and
praecordatum types, as well as by Mr. BuckMan’s new keelless genus Hortoniceras. The
Gryphee are broad and flat, unlike those in the Oxford Clay of Wolvercote at lower
horizons, and are the counterparts of some to be found in the clay at the top of the Lower
Calcareous Grit at Spirthill, Wilts. (The latter, however, occur in association with an
extremely incurved form, recalling the Liassic G arcuata.)

Between Studley brickyard and the lowest beds exposed in the Tubney Wood sandpits
there is a wide gap. An indication of what may be expected in this gap was given by
a well near Pen Hill, north of Swindon, in 1922, which was deepened from Lower Cal-
careous Grit into Oxford Clay. Near the junction was a fossil band, of unknown thickness,
from which I had the opportunity of collecting on the fresh tip-heap. It contained both
Cardiocerates of the cordatum style and crushed specimens of two species of Plicatiloid
Perisphinetids. The bed consisted of shelly, greenish, sandy marl, forming a very charac-
teristic matrix, which was again met with in a shallow well at Gorse Hill, a mile to the
south. The most abundant fossil was a small variety of Chlamys fibrosus. I also
collected Nucleolites scutatus (very large and inflated), Gryphea dilatata (typical), Velo-
pecten velatus, var. bonjouri DE Lowr., Pleuromya recurva (common), Gontomya v-scripta,
Pholadomya lineata, P. cf. canaliculata, casts of Tancredia cf. similis, Anatina sp., and
several uncertain casts of Lamellibranchs in poor condition.

In the winter of 1924 a well was sunk through the Lower Calcareous Grit into Oxford
Clay at Highworth, and T was able to examine the materials brought to the surface.
The only fossils were casts of Pleuromya telling and a kind of tubiform or  fucoidal ”
markings in one of the hard bands. Near the base was a band of unique sandstone,
dark slate-grey in colour and of such fine grain and evenness of texture and lamination
that it could be split into plates of paper-shale thinness. All the other material was
normal.

(b) The Arngrove Stone.

It is well known that north-east of Wheatley, Holton and Stanton St. John the Lower
Calcareous Grit sandbank suddenly ceases, giving place to a peculiar deposit of non-
calcareous chert, composed mainly of the spicules of sponges belonging to the species
Rhaxella perforate HINDE. For our knowledge of this deposit we are indebted to Dr.
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A. MorLEY Davies, who has made a careful investigation of the stone, which he has
named the Arngrove Stone, revising the fauna and other evidence bearing on its
stratigraphical position and mapping its area of outcrop [20, p. 37; and 21, p. 185].

The Arngrove Stone is compared by Dr. MorLEY Davies with Rhaxelle cherts in the
Lower Calcareous Grit of Yorkshire, and its fauna, though much richer than that of any
exposed part of the neighbouring sandbank, is taken to be indicative of an approximately
equivalent age. The commonest fossils are small specimens of Cardioceras cordatum
Sow. and C. cf. vertebrale Sow. In stratigraphical position it would seem to represent
only the lower part of the Lower Calcareous Grit of Oxford, for near Stanton Great Wood
it is seen to be separated from the limestones of the Upper Corallian by an unknown
thickness of clay [22, p. 285]. This clay is not exposed, but probably represents the
remainder, or part of the remainder, of the Lower Calcareous Grit.

The area of occurrence of the Arngrove Stone is restricted to an ellipse about 7 miles
in greatest length and 2} miles in width, and Dr. MorLEY Davigs favours the view that
this corresponds with its original area of deposition. Less than 4 miles beyond the
north-eastern boundary, at Ashendon Junction railway cutting, he found the equivalent
of the Upper Corallian limestones resting directly upon clays with earlier forms of
Cardiocerates (formerly grouped together under the name precordatum), comparable
with those occurring in the clay underlying the Arngrove Stone at Studley brickyard.
It would seem, therefore, unless the clay fauna survived where the conditions remained
unchanged, that the Lower Calcareous (rit is unrepresented in a north-easterly direction
beyond Arngrove.

The existence of a second patch of Rhaxella chert to the south-west of Purton has long
been known to the writer. A record of this second patch was recently published by
Dr. MorLEY DaviEs, and a brief description was given [26, p. 273]. The rock litters the
fields on Paven Hill, especially near Ringsbury Camp. Its appearance is rendered very
striking by the presence of conspicuous ooliths, which have been limonitised, but the
other characters—colour, lightness, etc.—are very similar to those of the Arngrove Stone.
The area covered by the chert at Purton measures just over 4 miles in its greatest diameter,
but may have extended for some miles farther to the west before removal by denudation.
It is accurately mapped as Lower Calcareous Grit on the survey map, Sheet 34. The
occurrence of this small patch of Rhaxella chert at the south-western extremity of the
district is a somewhat striking analogue of that of the type area of Arngrove at
the north-eastern extremity. So far no trace of such a rock has been detected -in
the intervening area.

To summarise : in the centre of the district, about Faringdon, the Lower Calcareous
Grit is developed to its greatest thickness. North-east and south-west the thickness
steadily diminishes, becoming very variable towards the extremities, where the Grit is
sometimes absent altogether. Finally, it is temporarily terminated in both directions
by deposits of Rhaxella chert. The probable significance of this will be brought out
in the following pages.
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(¢) Possible Source of the Sands and Pebbles.

In a work which is now in progress Mr. SpiLLER is dealing with the heavy minerals of
the sands of various ages in the Oxford district, with a view to gaining therefrom some
clue as to the source of the deposits. Mr. SprLer has kindly consented to examine
some of the pebbles from Marcham and elsewhere, but he informs me that little else can
be said about them than that they consist entirely of dark cherts and white vein-quartz,
probably Paleeozoic, but of quite indefinite origin.

These small pebbles have generally been referred to under the comprehensive term
“ lydites,” and they resemble the majority of the lydites which occur at several horizons
in the Upper Kimeridgian and Portlandian of the southern Midlands. It is rather from
their distribution and relative abundance along the outcrop than from their composition
that we must deduce their source of origin.

Mr. NEAVERSON points out that the black cherts in the Kimeridge—Portland pebble
beds attain their maximum abundance in Buckinghamshire, are rare in Wiltshire, and do
not occur in Dorset. From this he deduces that they had a northerly origin [28, p. 253].
Now, a similar distribution is noticed in regard to the cherts of the Lower Calcareous
Grit ; they become increasingly abundant in a north-easterly direction through Wiltshire
and Berkshire, and reach a maximum at Marcham, near Oxford. This north-easterly
increase corresponds with an increase in the amount and complexity of the false-bedding
of the sands containing the cherts, which also reaches a maximum at Marcham.

The remarkable feature of these deposits, however, is that they do not continue north-
eastwards through Buckinghamshire, but cease abruptly at Wheatley, where they give
place to Rhazella chert and deeper-water clay sediments of an entirely different character.
The only satisfactory explanation of this sudden change of facies seems to be that the
sandbank began near Wheatley, the material being brought to that point by a river from
some neighbouring land-mass and deflected south-westward in the form of a long coastal
sandbank, dropping the heavier material as it went.

In view of the evidence given in Section IX for a land-mass under London, the shore
of which may have extended approximately to the present Chalk escarpment, this
hypothesis is endowed with a high degree of probability. That the delta of a river flowing
into the sea from this land-mass would be deflected south-westwards instead of advancing
out from the shore, is what we might expect, in view of the current towards the outlet
which prevails in landlocked seas in these latitudes, for instance, the Baltic. -At the
point where the currents met and the deflection took place we might anticipate just such
indications of disturbance, in the form. of erratic current-bedding and the precipitation
of the heavier materials, as we find in the neighbourhood of Marcham and Tubney.

Furthermore, we might expect that the neighbourhood of a river mouth would prove
attractive to numerous animals in search of food, whose remains would become entombed
together with the plants and pebbles brought down by the river. It is just such an
assemblage that characterises the Lower Calcareous Grit of Marcham, where numerous
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Cephalopoda and other Mollusca lie side by side with remains of Vertebrata and drifted
wood. South-west of Marcham the sands are practically unfossiliferous, until the
neighbourhoods of Bremhill and Seend are reached, where the sudden thickening of the
deposits indicates a fresh source or sources of supply, and transport by rivers from the

same land-mass.

With regard to the composition of the sands, Mr. NuavERsON states that samples
which he examined from the Lamb Inn Quarry, Kingston Bagpuize, contained essentially
the same assemblage as the Portland Sands [#bid., p. 255]. The chief constituents were
kyanite, staurolite, tourmaline, rutile, zircon, garnet and sphene. In spite of the fact
that “ the sphene has a yellow colour and is markedly angular, contrasting sharply with
the rounded colourless grains from the Upper Kimeridge,” Mr. NEAVERSON concludes
that the source of the bulk of the two sands was in all probability the same.  He considers
it likely, in fact, that the sands continued to be derived from the same source from the
Kellaways period to the Gault, when for the first time a marked change manifests itself
by the presence of large purple-red garnets, and that this source was a northerly one, in
part Scottish, “in spite of the great distance between the Scottish Highlands and
Buckinghamshire.”

Now, in view of how little is known of the Paleozoic rocks underlying the London Basin
and the North Sea, it seems unnecessary to seek the source in regions so distant as the
Scottish Highlands. To assert that a certain suite of minerals has been brought by
a river flowing from a certain land-mass does not, of course, involve the assumption that
these minerals were derived directly from the distintegration i situ on that land-mass of
the rocks of which they are characteristic. If the Lower Calcareous Grit sands were
derived from beds of Old Red Sandstone, Millstone Grit or Permo-T'rias in that direction,
their original home would scarcely enter into the question.

Mr. NEavErsoN’s only reason for excluding this easterly land-mass as a possible
source of the Kimeridge-Portland sands seems inconclusive ; it is based on the discovery .
that a meagre and inadequate assemblage of heavy minerals (small grains of tourmaline,
zircon, garnet and rutile) characterises the Portlandian sands of the Boulogne district,
which “ may have been derived from the Old Red Sandstone which presumably formed
the Anglo-Belgian land of the Portlandian and Kimeridgian periods ”[ibid., p. 254]. But
even if it be conceded that the Boulogne deposits were mainly derived from the erosion
of the southern border of this land-mass, there seems no reason for assuming that the
quantitative distribution of the heavy minerals was the same throughout the Old Red
Sandstone forming the whole land area. On the contrary, if the heavy minerals were
originally derived in Old Red Sandstone times, as would seem probable, from the dis-
integration of the Caledonian mountain range to the north, an increasing impoverishment
is only to be expected in a southerly direction, just as is observed in the Jurassic sands
themselves.

Finally, to bring the heavy minerals of the Lower Calcareous Grit directly from the
north in Corallian times introduces anomalies which seem to be inexplicable. It is
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difficult to picture how the sands, and, therefore, the chert pebbles intimately mixed
with them, could have crossed the wide intervening area where pelilithic deposition was
proceeding, finally to become deposited in their present position.

Another suggestion as to the immediate source of this material, which we may notice
in conclusion, is that it consists of locally rearranged beach deposits of Oxford Clay age.
The uniformly small size of the pebbles, in spite of their great hardness, points, however,
to a distant origin and to their being river borne. It is more logical to assume that they
first reached the sea in Lower Calcareous Grit times, where all the evidence points to
river influence and in which they lie side by side with fruits of Carpolithes and drifted
logs, than to transfer the event to the Oxford Clay period, in which no such evidence
exists.

The conclusion, then, to which the facts seem to point is that the sands of the Lower
Calcareous Grit, together with the small quartz and lydite pebbles, were brought by a
river from the south-east, which entered the sea somewhere south-east of Marcham.
They were then distributed along the coast as submarine sandbanks by a long-shore
current, incorporating the remains of marine animals and gradually dropping their load
of heavier materials.

IV—Tur BerksHIRE OoLiTE PrrIOD.*

(¢) The Pebble Bed.

It has already been remarked that the Berkshire Oolites usually rest upon an eroded
surface of the Lower Calcareous Grit. The first stratum to be deposited upon this
eroded surface was a pebble bed, consisting of pebbles of quite a different character
and much larger than those with which we have hitherto been dealing. Proof of erosion
need usually be sought no farther than the Pebble Bed itself, for often many of the pebbles
consist of indurated Lower Calcareous Grit indistinguishable from that still @ situ
in the lower part of the quarry. The pebbles are well rounded and indicate a considerable
lapse of time, unrepresented by deposition, during which the grits had time to consolidate.

The most remarkable features of the Pebble Bed, however, are neither these pebbles
of indurated grit nor the innumerable little chert and quartz pebbles which it also contains,
the latter likewise evidently derived from the Lower Calcareous Grit. Those which
claim the first attention are large rounded pebbles, up to 3 or 4 in. in diameter, of compact,
grey, non-oolitic limestone, almost a mud-stone, and quite unlike anything known to
exist on sitw in the Corallian. Weathering has usually given them a white cortex, and
in addition they are often encrusted with Serpule and bored by Lithodoms.

With or without the others these grey limestone pebbles occur with remarkable
uniformity almost wherever the base of the Berkshire Oolites has been exposed between

* Tn 1926 [2, I, p. 194] I referred to these rocks as the ““ Oxford Oolites,” a name which it has since seemed
desirable to abandon. Mr. PrINGLE [33, p. 40] has differently interpreted BuckLAND’S original use of the
term. Mr. BuckMaN’s use of Oxford Oolites as synonymous with Corallian is unfortunate and has
added unnecessarily to the confusion in Corallian nomenclature [9].
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Headington and Lyneham, a distance of 40 miles. There is only one genuine exception ;
on the northern side of Highworth Hill, where the formation is exposed in quarries
farther to the north-west than usual, the Pebble Bed is absent. In addition, in one
of the quarries south of Wingfield Hospital, Headington, the Pebble Bed is missing ;
but this is because the whole of the representatives of the Berkshire Oolites, if ever
deposited there, have been removed, and rocks of Osmington Oolite age rest directly
upon the Lower Calcareous Grit. At Lyneham the Pebble Bed is not observed to
cease, but farther south-west there are no more exposures of the Berkshire Oolites,
which show signs of thinning out to a few inches in that direction, and all the
quarries are opened in poorly fossiliferous white oolites and pisolites of a younger
age, or in Coral Rag.

I cracked open some scores of these curious grey compact limestone pebbles in many
localities before I obtained any paleontological clue to their origin, though no one could
fail to be struck by the unmistakable resemblance which they bear to the hard con-
cretionary “ crackers ”’ common in the Oxford Clay. Eventually Mr. SpiLLeEr pointed
out, among a collection of various pebbles I had submitted to him from Littleworth,
Berks, a small rolled derived fossil resembling the smallest of the limestone pebbles.
This proved to be Nucula elliptica, a fossil characteristic of the Oxford Clay and not
found in the Corallian.

All doubt, then, seems to be removed that these pebbles result from the denudation
of beds of Oxford Clay, of which they represent the only hard parts, the former crackers.
The territory of Oxford Clay destroyed to supply such a sheet of pebbles, over 40 miles
long and of unknown breadth, must have been considerable. The question at once
arises, whence came they ?

The Oxford Clay pebbles are very hard, but they are not so hard as the much smaller
pebbles of chert and quartz found in the Lower Calcareous Grit. The inference is
that they have not travelled so far. On the other hand, they have probably been trans-
ported a longer distance than the pebbles of Lower Calcareous Grit found in the same
bed. Rounded blocks of the latter occur at Marcham, measuring over a foot in diameter,
and presumably they cannot be far from their place of origin.

That the source of the Oxford Clay pebbles is to be found in a land-mass to the
south-east is suggested by the following considerations :—

First, the pebbles themselves suggest that they are beach pebbles, as opposed to
pebbles of fluviatile origin, and the nearest beach lay, we know, to the south-east (see
Section IX). They are riddled by the borings of Lithodomus inclusus, and sometimes
bear Serpulee attached. Further, they are not likely to have been brought by the river
that brought the chert and quartz, for (i) none are found with the latter in the Lower
Calcareous Grit, and (ii) being softer, they would have been worn down smaller.

Secondly, if the base of the Lower Calcareous Grit, penetrated in the Wootton boring,
be produced northwards to Cumnor, it will be found to rise 100 ft., or 50 ft. per mile.
If this slope be continued at the same rate for 17 miles, the base of the Corallian will
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be found to lie 400 ft. above the present surface one mile east of Chipping Norton, at the
point of junction of the Inferior Oolite and Great Oolite. Allowing 100 ft. for the Great
Oolite, Forest Marble and Cornbrash, this leaves 300 ft. for the Oxford Clay, a figure
which makes it probable that in this direction the Corallian was conformable to the
Oxford Clay.

Thirdly, the absence of the Pebble Bed at Highworth in the most north-westerly
exposures on the outcrop, where the rest of the Berkshire Oolites are fully developed,
is significant when coupled with its presence a mile to the south-east, in the Hangman’s
Elm Quarry. If we conceive the pebbles as derived from the erosion of a cliff, we must
suppose them to have been spread out on the sea bottom by means of an undertow,
or else swept from the shore by a river or rivers and spread out evenly by a long-shore
current. In either case, in view of the even distribution of the pebbles elsewhere, it
is more likely that they never reached Highworth than that they came over it or round
it from the north.

We seem, then, driven to adopt the view that one of the results of the earth-movements
preceding the formation of the Pebble Bed was the elevation of the north-western border
of the London massif and that part of the trough adjacent to it, and the production of
a range of cliffs of Oxford Clay. The coast was now probably north-west of its
position in Lower Calcareous Grit times. This conclusion is based on the fact that in
the exposure farthest down the dip-slope, that at Stanford in the Vale, the whole of
the Berkshire Oolites and Osmington Oolites together are only 6 ft. thick, while in the
Goosey boring, two miles farther south-east, they appear to be only 3 ft. thick. The
Lower Calcareous Grit at Goosey shows no such signs of thinning out [5, p. 45].

We must now turn to a consideration of the rest of the Berkshire Oolites, of which
the Pebble Bed is the basal member.

(b) Traverse of the Outcrop of the Berkshire Oolites from East to West.

1. The Eastern Shell-cum-Pebble Bed of Headington, etc.

One of the results of the earth-movements of which the Pebble Bed is evidence was a
complete change in the type of deposition prevailing in our area. From now onwards
shelly limestones alternating with marls, clays and false-bedded oolites, with only sub-
ordinate grits, tell of unstable conditions. Sedimentation, except in the south-eastern
corner, was no longer dominated by the river of Lower Calcareous Grit times, which
formerly swamped molluscan life by its continued inpourings of sand and pebbles.

The varied succession of rocks forming the normal sequence of the Berkshire Oolites
attains its maximum thickness at Red Down, near Highworth, where it is 34 ft. thick.
In the east, around Oxford, and in the west, under Blunsdon, Purton and Wootton
Bagsett, it thins out to mere shell-beds from. 1 ft. to 2 ft. thick. These beds also contain
the same pebbles as everywhere form the base of the normal Berkshire Oolites, and
hereafter they will be referred to as the eastern and western Shell-cum-Pebble Beds.
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In the Headington quarries the Shell-cum-Pebble Bed is the only constant and horizontal
feature capable of correlation from one quarry to another, everything above it having
a false dip on a large scale, or being structureless, such as the Coral Rag. It is also
characterised by its highly fossiliferous nature ; it is the source of nearly all the rich
collections of fossils—Ammonites, Lamellibranchs and Gastropods—which have been
obtained in the past from Headington, Cowley and Bullingdon.

The fauna, of which the following is a list, is chiefly a condensation of that of all the
Berkshire Oolites of Berkshire and North Wiltshire. There are certain elements, par-
ticularly among the Cephalopoda, however, which probably have more affinity with the
north-east.

List or FossiLs FrROM THE SHELL-cUM-PEBBLE BED oF HEADINGTON, COWLEY, BULLING-
poN, LirrLEMoRE AND CuUMNOR. (By no means exhaustive.) Cephalopoda are
excluded ; see Appendix I. Specially common or characteristic species are marked *.

LAMELLIBRANCHIA.
* Astarte ovata. Modiola bipartita.
Camptonectes giganteus. Mytilus ungulatus.
* ’ lens. Myoconcha radiata.
Chlamys (Ziquipecten) inwquicostatus. Opis phillvpsi.
* » » fibrosus. Ostrea (Lopha) gregaria.
* »  splendens. Perna mytiloides.
*Corbucella lovis. Pholadomya equalrs.
Ctenostreon proboscidewm. » canaliculata.
*Cucullea contracta. Pinna lanceolata.
Cyprina coralling. Pleuromya tellina.

. tancrediformas. * Pseudomonotis ovalis.
Entolium solidum. * Pterva, (Ozytoma) expansa.
Exogyra nana. ,»  pleropernoides.

*Gervillia aviculoides. Quenstedira levigata.

Goniomya v-scripta. Sowerbya triangularis.

Grypheea dilatata. -~ *T'richites giganteus.

Isocyprina cyreniformas. L, granulatus.

Lima (Plagiostoma) leviuscula. Trigonia mervans.
’ ’ mutabilis. ® perlata incl. var. hudlestont.
) ' riguda. Unicardium apicilabratum.
»  (Limatula) elliptica. ’ excentricum.

Lithodomus inclusus. *Velopecten velatus.
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('ASTROPODA.
Alaria seminuda. Nerinea goodhalls.
*Cerithivum muricatum. Bourguetia striata.
Lattorina muricata. A Pleurotomaria bicarinata.
Natica arguta. » MuUnsters.
»  Clytia. % ' reticulata.
* Pseudomelania heddingtonensis. Trochotoma tornatilis.
EcuiNODERMATA.
Cidaris smaths. Pygurus pentagonalis.
Nucleolites dimaidiatus. ' costatus.
* ), scutatus. Astropecten rectus.
* Pygaster semisulcatus.
MiSCELLANEOUS.
Megalosaurus. Hybodus obtusus.
Asteracanthus ornatissimus. Thecosmilia annularis.
Glypheoea rostrata. Serpule.

Teleosaurus.

With regard to the mode of formation of the Shell-cum-Pebble Bed, we can only
conjecture. It is not a remanié in the ordinary sense of the word, for the fossils are in
magnificent condition and unrolled. Rather it would seem to have been formed during
the lapse of a long period of time by the gradual accumulation of shells in a gentle current,
just sufficient to prevent their becoming entombed in sediment.

The two best-known and most productive quarries near Oxford, still actively worked,
are the Vicarage and Magdalen or Workhouse Quarries, Headington. In these the
sands of the Lower Calcareous Grit are overlain by a horizontal band of hard limestone,
about 2 ft. thick, which separates them (in the Vicarage Quarry) from 20 ft. of slightly
false-dipping nodular rubble of Osmington Oolite age. These quarries are typical of
many in the district, though the Osmington Oolite rocks overlying the hard band are not
quite the same in the two sections and vary from quarry to quarry ; they are always
poorly fossiliferous, however, and sharply contrasted from the underlying hard band, the
Shell-cum-Pebble Bed.

In the Vicarage Quarry the hard band is found on closer inspection to consist of three
parts, only the middle third being the true Shell-cum-Pebble Bed. The following is a
description of the quarry (see fig. 1, p. 88) :—
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VICARAGE QUARRY, HEADINGTON.
OsmingTON OOLITE SERIES.

6. “ Pendle ”; yellow, sandy, false-bedded, broken-shell marl and flaggy white limestone, Ft. ins.

disturbed by solution . . . . . . .. L. L. oL 3 6
5. Nodular rubble and hard bands (‘‘ Headington Hard ”) with Exogyra nana and Cidaris
Sflorigemima spines much in evidence . . . . . . . . . L ..o Lo L 20 O
Also Pygaster sp. Pseudomelania heddingtonensts.
Chlamys nattheimensis. Bourguetia striata.
Ostrea gregaria. Thecosmilia annularis.
Serpule :

4. Transitional bed from Berkshire Oolites to Osmington Oolites, probably referable rather
to the latter than to the former. Brown limestone full of Thecosmilia annularis, also
containing immense Cardioceras cf. rotundatum, NIkITIN, and some of the fossils from the
underlying bed including P. cf. antecedens . . . . . . . . .. ... 0 8

Bergsare OovitEs.-

3. Shell-cum-Pebble Bed. Blue limestone full of  lydite ”” and grey limestone pebbles, fossils,
and carbonaceous and pyritic matter. The most characteristic fossils are Cardiocerates
of the ewcavatum and vertebralis types, Perisphinctids of the martelli, antecedens and
plicatilis types, P. apolypon, Camptonectes lens, Chlamys splendens, C. fibrosus, Entolium
solidum, Velopecten velatus, Astarte ovata, Pseudomonotis ovalis, Pleria expansa, Lima

rigida, L. mutabilis, Gervillia aviculoides, Perna mytiloides, ete. . . . . . . . . . . . 0 8
Lower CALCAREOUS GRIT.
2. Indurated topmost bed, welded to bed above . . . . . . . . . . . .. ..., 0 8

1. Yellow sand, usually exposed to about
Beds 2, 3, 4 are welded together and form the conspicuous hard band.

In the Workhouse or Magdalen Quarry the Shell-cum-Pebble Bed is about 1 ft. thick.
The pebbles are scarcer and smaller and the bed is less carbonaceous than in the Vicarage
Quarry, but it is equally fossiliferous, and in respect of ammonites even richer. Huge
examples of Perisphinctes parandiers and allied forms, P. manﬁelh’ and allied forms,
P. antecedens and many allied forms are very common. The quarry will be described
later in connection with the overlying rocks (see p. 128).

In many of the old quarries at and near Headington the Shell-cum-Pebble Bed presents
the same features, and the broken ends of the innumerable shells may be seen protruding
from the weathered surface. In a quarry near the Roman road on the way to Garsington
1t is 5 ft. thick and gritty, resembling very closely the T'rigonia perlata Limestone of the
Dorset coast. West of the river it reappears in the quarries at Bagley Wood, Kennington,
Ferry Hinksey, and Bradley Farm, near Cumnor.

At Ferry Hinksey it is discontinuous, having been in places apparently worn through
prior to the formation of the Coral Rag. It is, however, unmistakable lithologically, and
contains amongst other fossils Isocyprina cyreniformis and Trichites giganteus.

At Bradley Farm the pebbles tend to segregate in the basal part of the bed and the
shells in the upper, thereby showing a transition to the more normal conditions farther
west. The fossils include T'rigonia perlata and Astarte ovata.

As we pass down the dip-slope southward from the typical Headington district we find
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in all the quarries that the Shell-cum-Pebble Bed is sandy, the admixture of sand often
“ diluting ” it to a greater thickness. Sometimes it is overlain by up to 3 ft. of sand
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Fie. 1.—Section at Vicarage Quarry, Headington.

and sandstone, indistinguishable from
the underlying Lower Calcareous Grit,
and certainly not capable of correlation
with any of the normal divisions of the
Berkshire Oolites farther west. Such
quarries may be seen at Cowley and
Littlemore and in Bagley Wood.

These quarries are situated in the area
within which we should expect to find
the Berkshire Oolites represented by
nothing but the Shell-cum-Pebble Bed,
but it is evident that sand continued to
enter this corner of the district from the
south-east after the cessation of the Lower
Calcareous Grit conditions to the west and
north. The inference is that the river,
which supplied the sand of the Lower
Calcareous Grit, was not entirely in

~ abeyance after the earth-movements pre-

ceding the formation of the Pebble Bed,
but continued active in a reduced form
throughout the Berkshire Oolite period.
We shall see that there is evidence of
its influence in the Osmington Oolite
period also. The distribution of the

sandy material in the Berkshire Oolites accords with the view adopted on p. 82 as to

the source of the Lower Calcareous Grit.

The finest section showing the Shell-cum-Pebble Bed overlain by sands and sandy
marls is the large quarry beside and west of the road from Cowley to Horspath.

RoaDpsiDE QUaRRY WEST oF RoaDp rroM COWLEY TO HORSPATH.

OsMINGTON OOLITE SERIES.

Ft. ins,

6. Broken Coral Rag, the lowest foot consisting of bands of tabular masses of corals, separated

by sand and rubble, and passing up into the typical argillaceous type

Isastreea explanata.
Thamnastrea spp.
Thecosmilia annularis.
Belemnites oxyrrhynchus.
Chlamys fibrosus.

,,  nattheimensis.
Velopecten velatus.

Lima zonata.
Ctenostreon proboscideum.
Lithodomus inclusus.
Exogyra nana.

Ostrea gregaria.

Littorina muricata.
Cidaris florigemma.
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Berrsmire Oovrte SERIES. Ft. ins.
5. Persistent course of hard gritty limestone 6 ins.to . . . . . . . . . . . . ... L. 0 8
Littorina muricata. Chlamys fibrosus.
Pleurotomaria reticulata. Exogyra nana.

Nucleolites scutatus.
4. Shelly sand, rich in beautifully preserved specimens of Chlamys fibrosus, with Nucleolites
scutatus and Ewxogyra nane, and an impersistent band of small concretions about the

middle . . ..o oo 1ft.onwestto 1 6
3. Poorly fossiliferous, gritty, concretionary limestone, impersistent on west but expanding
north-eastwards from a few inches to . . . . . . . . .. ..o 1 0

2. Shell-cum-Pebble Bed. A compacted mass of fossils in a matrix of gritty limestone, con-
taining ““‘lydites ” and limestone pebbles; in two courses separated by sandy marl

parbing . . ... oL e e e e 2 0
On the west this bed thins to 1 ft. 6 ins.

Perisphinctes sp. Gervillia aviculoides.

Trigonia perlata. Lima mutabilis.

» meriant. Ezogyra nana.

Chlamys fibrosus. Natica sp.

Enitolium, solidum. Pseudomelania heddingtonensis.

Velopecten velatus. Littorina muricata.

Astarte ovata. Pygaster semisulcatus.

Tancredia nigra. Pygurus pentagonalis.

Unicardium apicilabratum.
Lower CaLcArEoUS GRIT.
1. Sands with an impersistent hard band. About . . . . . . . . . ..o o0 2 0
From the sand may be obtained very perfect specimens of Chlamys fibrosus, Pseudo-
monotis ovalis and Ezogyra nana. )

In Brittleton Barn Quarry, 160 yards to the east, on the opposite side of the road, all
the sandy beds 3—5 have disappeared, and in one end of the quarry most of the Shell-cum-
Pebble Bed is also missing, leaving the Coral Rag resting only a few inches above the
Lower Calcareous Grit. The same condition obtains one hundred yards to the north-
west, in the Cowley Industrial School Quarry.

CowLEY INDUSTRIAL SCHOOL QUARRY.

OsmIngTON OOLITE SERIES. Ft. ins.
3. Typical broken, argillaceous Coral Rag, forming a hard band at base, and resting upon an
eroded surface of Bed 2, in which are pockets filled with marl . . . . . . . . . . .. 7T 0

BerksuIRE OQOLITE SERIES.
2. Shell-cum-Pebble Bed, crowded with large Lamellibranchs; also a large Perisphinctid . 1 0
Lowgr CALcarREoUS GRIT.
1. Sand with a band of doggers about 1 ft. down . . . . . . . . . ... 2 0
Half a mile to the north, in the quarry close to Cowley Barracks, we find an almost
exact repetition of the sequence west of the Cowley-Horspath road. This section is
so rapidly being filled up by rubbish that it seems worth while putting a short description
of it on record.
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CowLEY BARRACKS QUARRY.

OsmineToN OoLiTE SERIES. Ft. ins.
6. Broken rubbly rag, tending towards the condition of the Nodular Rubble in the Vicarage
Quarry . .. e e e e 9 0

BERKSHIRE OOLITES.
5. Hard band of gritty limestone. (This may or may not correspond to Bed 5 in the Horspath
Road Quarry, which is assigned only tentatively to the Berkshire Oolites ; it is a matter

of opinion where the boundary should be drawn) . . . . . . . . . . .. ... .. 1 0

4. Sandy non-oolitic marl, passing down into the bed below . . . . . . . . . . . . . .. 1 0

3. Hard, gritty limestone below, softer above, like consolidated form of Bed 4 . . . . . . . 0 9

2. Shell-cum-Pebble Bed ; gritty ; full of large Lamellibranchs . . . . . . ... . . . .. 0 9
Lower Carcarrous GRIT.

1. Yellowsand . . . . . . . . . Lo e e 1 0

The famous section in Littlemore railway cutting shows beds corresponding closely
to these. The Shell-cum-Pebble Bed contains a high proportion of grit, and is welded
to an indurated grit layer at the top of the Lower Calcareous Grit, the two together
forming a very prominent hard band, about 2 ft. thick. Above it lies shelly sand full
of Chlamys fibrosus with an impersistent band of arenaceous marly limestone. The
section is described in detail on p. 142. A corresponding sequence is exposed in
Bagley Wood, and a third was formerly quarried, but is now obscured, at Kennington.

2. The Normal Sequence of the Berkshire Oolites from Marcham to Faringdon.

It was pointed out in noticing the Bradley Farm Quarry, Cumnor, that the Shell-
cum-Pebble Bed showed a tendency to separate into two beds, the pebbles being
commonest in the lower half, and the shells, Trigonice, etc., commonest in the upper.
This change also takes place beneath the younger rocks of Boars Hill as we pass south-
westward from Bagley Wood and Kennington to Marcham ; for at Marcham the Pebble
Bed and Trigonia Bed are separate, and are overlain by higher beds of fossiliferous oolite.
As we travel farther westward still higher beds make their appearance and the lower
beds expand, until at Kingston Bagpuize the Lower Calcareous Grit and the Osmington
Oolite coral rag are separated by 16 ft. of strata. They attain their maximum thickness,
as has been said, near Highworth in Wiltshire, where in the Red Down boring they
were proved to be 34 ft. thick.

In this little province, between Highworth and Marcham, where the rocks attain their
full development, five distinct components can be separated. These are marked by
constant lithological and palaontological characters, and there is no difficulty in corre-
lating them from quarry to quarry. Their importance in relation to the surface
configuration may be seen by a glance at the map of the Highworth district, which will
be found at the end of the paper (p. 180).

The names of the subdivisions established were first published, by the kind invita-
tion of Mr. S. 8. BuckmaN, in ‘Type Ammonites’ [1], but they are here fully
described for the first time.
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NorRMAL SEQUENCE OF THE BERKSHIRE OOLITES BETWEEN MARCHAM AND

HicHEWORTH.
Max.
Thickness.
, Ft.
5. Pusgy Ifuacs. Strongly false-bedded fissile flags of sandy oolite, of very characteristic
appearance, generally poorly fossiliferous ; occasional micromorphic fauna . . . . . . 15
4. Hicnworra Grir AND Cray. Yellow sand closely reseinbling the Lower Calcareous Grit,
with varying amounts of race and ferruginous seams, passing down into and to some
extent alternating with soft grey clay . . . . . . . ... 000000000 11
3. UroniN Marrs. Even-bedded, drab-coloured marly oolites crowded with Echinoderms
(considered for mapping and other practical purposes with 2) . . . . . . . . . . .. 6
2. TriconiaA Perrata BED and equivalent Triconia PrerraTa Livmstonms. A highly
fossiliferous series of shelly limestones, with occasional local coral reefs in the west, the
former always characterised by numerous ammonites and certain Lamellibranchs, the most
important of which are the Twigonie, Cucullea contracta, Corbicella levis, Trichites
giganteus and Astarle ovala . . . . . . . 0 v 0 e e e e e e e e e e e e 10-12
1. BasaL Pepsre Bep, already deseribed . . . . . . . . ..o e e e 2

This succession is broken locally by non-sequences and erosions and by the thinning-
out of some of the subdivisions. Happily quarries in the Berkshire Oolites are numerous
and enable us to follow out these changes on the ground, and detailed work of this sort
yields very interesting results. In order to illustrate, we will traverse the outcrop from
east to west, examining some of the best exposures.

Beginning at Marcham, the first section is the magnificent quarry at Sheepstead Farm.
The southern end of the quarry shows the best section of the Berkshire Oolites, for
towards the north they thin out. The Pebble Bed contains rounded blocks of Lower
Calcareous Grit over 1 ft. in diameter, as well as the familiar grey mud-stone pebbles.
The Trigonia Bed is divided into two by interlaminated sand and clay, a feature not met
with again as we proceed westward, and no doubt attributable to the same cause as the
swamping of the Shell-cum-Pebble Bed with sand in this corner of the district. The
richness of the Lamellibranch fauna and the beauty of the specimens, especially of the
upper band, are scarcely surpassed. The Clavellate T'rigonice, which can be obtained
as perfect as recent shells, show a great range of variation, linking up the species.

The 5 ft. of drab-coloured oolitic marls which overlie the Trigonia Bed in this quarry
afford the type section of the Urchin Marls. As the name implies, they are crowded
with Nucleolites scutatus ; Pygaster semssulcatus is also much more abundant than
elsewhere in the district, and in one visit to the quarry since work was stopped the
writer has obtained as many as 14 examples in sitw from these marls.
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