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ABSTRACT

Petrological study has shown the Lower Purbeok to contain 
five main facies reflecting variation in the salinity of the 
water during deposition of the sediment. At this time Dorset 
was a shelf bordering a shallow saline lagoon in the centre of 
which evaporites formed. On the shelf, dilution by freshwater 
at first allowed the growth of an abundant algal flora, and 
this wa3 followed by an environment that resembled that of the 
Great Bahama Bank at the present day. Pellet limestones are 
typical of this facies, and there is evidence of epigenetic 
anhydrite. This is relevant to the origin of the Broken Beds.

Salinities were reduced by influx of freshwater from the 
west and an abundant fauna became established. Restriction of 
this influx and evaporation then caused a return to evaporitic 
conditions, and carbonate mud was the dominant sediment, with 
gypsum deposited locally. Algae were again abundant at times. 
The Lower Purbeck ended with the Dorset area as a freshwater 
lake in whioh Chara was abundant, conditions that continued 
into Middle Purbeoic time and until ended by a marine incursion 
which resulted in the formation of oyster banks.

A bioolastic and a terrigenous facies are recognised in 
the Middle Purbeck. The bioclastic facies comprises shell 
limestones and pure carbonate-mudstones, and formed under con-



ditions that varied from freshwater to almost normal marine. 
The terrigenous facies consists of shales and calcareous 
sandstones formed of land derived sediment originating to 
the west. This facie3 probably represents initial phases 
of Wealden sedimentation.

The dominant sediment of both Lower and Middle Purbeck 
was c rbonate mud. In the Lower Purbeck much of this is be
lieved to have formed by physico-chemical precipitation, some 
from algal activity. In the Middle Purbeck much of the mud 
is derived from algae, especially Chara. and from shell com
minution. Physico-chemical precipitation was much less 
important.



"Every stratigraphic section in the literature 
should he accompanied hy a petrographic description 
of at least the major rock types, just as they are 
always accompanied by lists of fossils. A great 
many geologic problems might be answered if such 
a procedure were common practice."

Hobert 1. Polk (1954)
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I. I N T R O D U C T I O N  
(a) General

The strati ;ra. hy of the Jurassic system is probably better 
known in Britain than in any other country. It has been aaid 
that "In England, in the 3phere of Jurnaaio geology, we are 
wardens of a classic area, for our cliff3 and quarries are the 
standards of comparison for the whole world." (Arkeli 193i). 
Nevertheless, when we come to look for petrographic descriptions 
of the rooks of this classic area, we find that, with a few ex
ceptions, none exist. Palaeontological division of the system 
into atages, r<one3 and aub-conea has reached a high degree of 
refinement, but the rocks have often been described in such 
general terns as "sandstone", "3hale", "marl", or "limestone". 
This was perhaps understandable -when the emphasis was on fossil 
identification and correlation, but that in only a part of 
stratigraphic synthesis and roust be accorapa ied by descriptions 
of the rocks themselves if reliable palaeogeographioal inter
pretation is to be attempted.

A reconstruction of sedimentary environments baaed oolely 
on a study of the fauna depends on accuracy of identification, 
and should this be faulty then the conclusions drawn will be in 
error to a greater or les3er extent. The ¡)reaent study serves 
as an example of this.

The Purbeck h -.3 been described as an example of freshwater



sedimentation and from it a number of genera of freshwater 
oatraooda have been described. As will be shown, a petro
logical study of the sediments would have raised doubt3 as to 
the validity of some of these identifications before Anderson 
(1959) showed that the Lower Purbeck ostracods in partioular 
have been mis-identified and are in fnot representatives of a 
super-saline family.

3tratigraphers and petrologists alike have, however, often 
ignored the petrology of the carbonates, mainly owing to the 
"recrystallisation" that many of these rocks appeared to have 
undergone. In recent years, the economic importance of many 
carbonate rook3 - for example as oil reservoirs - has encouraged 
their study in both economic and academic fields, with the 
result that an understanding of them is becoming more practicable

Of particular import .nee in the development of suoh an under 
standing are studies of modern c rbonate deposition such as on 
the Bahama Banks. Recently, for example, Beales (1958) has 
interpreted the depositional environment of a group of Palaeonoio 
limestones by applying the observations of Illing (1954) in his 
study on the Bahamian calcareous sands. A warning against too 
free an adaption of observations on modern deposits in the 
interpretation of older carbonates is served by investigations 
such as those of Cullis (1903) on the raineralogical changes in 
"the Funafuti reef cores, and Ginsberg (1957) in Florida, which
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show ju«t how complex even early diagenetic changes onn be. 
However, petrographic descriptions can always be given even 
if the petrogenesis is more uncertain. A current trend in 
research is towards re-examination of stratigraphic-ally well- 
known areas with a view to determining the petrology of the 
rocks within them. The subject of this work is the examination 
of one particular aeries of rocks in such an area.

The Purbeckian ia the youngest of the Jurassic stages as 
defined by Arkeli (1936). It outcro-s in Dorset, ’.'iltshire, 
Buckinghamshire and Sussex and is known, from subsurface data, 
beneath Hampshire and Kent (Map 1.). The Dorset outcrops are 
the moi“Q extensive, o . our ring fro Durlston Bay in the Isle of 
Purbeclc in the oast, to Portisham in the west, a distance along 
the strike of 40 Km., and on the Isle of Portland to the south 
(Map f.). This ia the type area for the Purbeckian and it is 
a study of this area that Is here discussed.

localities where the beds have been studied are Durlston 
Bay, tYorbarrow Bay, Mupe Bay, Lulworth Cove and on the Isle of 
Portland, all coastal sections, and inland at Portisham and 
Ridgeway. Those last two localities ore now almost completely 
overgrown and moot of the details have been taken from published 
accounts. Other scattered exposures occur in old quarries on. the 
Iale of Pur be ok, and at Chalbury, Pox-well and Ringstead, to the 
north and east of Veymouth.





LOCATION3 FOR MAP 1

Purbeck thickness (approx) in feet.

1. Isle of Portland 60 (eroded)
r-c • Ridgeway 189
3. Lulworth Gove 193
4. •orbarrow Bay 273
a. Durlaton Bay 396
6. Vale of Wardour 85
7. Swindon ca 20
8. Brill ca 30

9. Kingsclere 540
10. Nordingbridge Absent
11. Portsdown 248
12. Arreton 343
13. Shali'ord 503
14. Warlingham ?
15. Henfield 360
16. Ashdown 534
17. Penshurat (560)
13. Battle (400)
19, Pluckley
20, Brabourne
21, -

100

78
Dover Absent



MAP II
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(b) History of previous work.

As a strutigraphical terra the name Purbeck was first used 
by .'eboter in 1311. During the year3 1811-15 he described and 
discussed the exposures in the Dorset cliffs in a series of 
letters to Sir H.C. Dnglefield (Snglefield 1316). '.ebster was 
a keen observer, indeed his descriptions are often superior to 
those of many subsequent workers. He noted in particular breccias 
and contortions in the Lower Purbeck of Durlston Bay and Lulworth 
Cove, while considering them due to tectonic causes, also sug
gested they may have been produced by slumping following the 
removal of gypsum by solution. He also noted an east-west 
attenuation of strata and, commenting that thi3 thinning is a 
com on feature of many of the strata of the south coast, pointed 
out that it "...should be carefully distinguished ... from the 
action of denuding causes," (Letter X) thus showing that he 
recognised some of the thinning to be due to depositional 
variation. Perhaps his most significant observation, and one 
that has had the greatest influence on Purbeck stratigraphy, was 
to note the presence of freshwater molluscs such as Planorbla and 
Valvata. In 1329 Webster gave a fuller account of both Purbeok 
and Portland bed3 with thicknesses, and stated "I have no doubt 
hut that the Purbeck beds in general contain a mixture of fresh
water with marine shells".
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The junction between the Portland and Purbeck w \s for 3ome 
time a matter of controversy. Both 7/ebster and Pitton (1835) 
placed the boundary at the base of the Cap3 . (For nomenclature 
see Table I and fig. 1. in pocket). Buckland and de la Beche 
(1336) took the base of the main Dirt Bed on the Isle of Portland 
as the junction saying, "We consider this Dirt Bed as quite 
decisive in forming the barrier between the Portland and Purbeck 
formations." It was soon pointed out, however, that other, 
thinner, dirt beds occur in the Gaps below, and ultimately it 
was generally agreed that the junction be taken as being at the 
base of the Caps. The first comprehensive account of the 
Purbeck of southern England was given by Pitton (I8 3 6) in his 
classic paper on the "Strata between the Chalk and the Oxford 
Oolite".

Most early workers grouped the Purbeok with the conformably 
overlying '.Vealden, but in 1850 Porbes separated the two formations, 
classifying the 'Vealden with the Cretaceous and the Purbeck with 
the Oolites (Jurassic), He divided the Purbeck into Upper,
Middle and Lower divisions, and, paying particular attention to 
the fauna, indicated several alternations between a freshwater 
and marine environment in the Middle Purbeok. The three div
isions were in turn subdivided into lithological units by 
Brl3tow (1857) moot of which are still retained (Table I).

The next account of the Dorset Purbeck was by Fisher (1856)
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and included detailed tabulation of the strata at Durlston 
Bay and Ridgeway. He noted that the beds became sandier and 
contain more terrestrial material from east to west, and intro
duced the vegetation collapse hypothesis to account for the 
Broken Beds, a full discussion and criticism of which has been 
given by Arkell (193 8).

The Geological Survey 1 inch map of the area was published 
in I80O, with detailed vertical sections which remain indis- 
pensible in the study of the coastal exposures (Bristow 1957, 
Bristow and Whitaker 1859)« In i860 Damon published a 'Geology 
of 'Weymouth, Portland and the coast of Dorset’ which in a fnd 
edition of 1884 contains a good account of the Purbeck of 
Durlston Bay. Andrews and Jukes-Brown (I8 9 4) showed that the 
lithological sub-divisions adopted in Dorset, could, in part, 
be recognised in the Vale of '-/ardour•

In 1895 Woodward published a detailed account of the 
Purbeck beds of England, in Part V of the memoir on the 
'Jurassic Rocks of Britain’. The publication in 1998 of the 
Geological Survey memoir on the 'Geology of the Isle of Purbeok 
and Weymouth* added little new (Strahan, referred to hereafter 
as the Purbeck Memoir). These two works remain standard ref
erences on Purbeck stratigraphy together with the memoir on the 
'Geology of the country around Weymouth, Swanage, Gorfe and 
Walworth' (Arkell 1947, referred to hereafter as the Weymouth
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Memoir).
The Purbeck abounds in oatracods which, in the absence of 

ammonites, have been used for zoning. The earliest attempt at 
this was by Lyell (13 ;> i) but it was Jones (1333) who first pub
lished detailed descriptions of genera and species. He assigned 
five species to the Lower Purbeck and six to the Middle and 
Upper. In summarising the earlier work Strahan (1393, p. 90) 
presented a still accerrtable classification which has, however, 
been refined by Anderson (1941) and Sylvester Bradley (1949) and 
whioh is illustrated in Table I.

Ostrucods are sensitive indicators of salinity and 
Anderson (1932) showed how they could be used to trace variations 
in the salinity of the water during the earlier Middle Purbeck.
He has since greatly extended his work to cover the whole for
mation in England, and the Purbeck of the Jura and Northern 
Germany, but this is as yet unpublished (personal communication).

The stratigraphic classification of the Purbeck was long a 
matter of debate, the history of which is given by Strahan (1393) 
(pp. 72-77) and Arkell (1933, pp. 343-536). It is now aocepted 
as being uppermost Jurassic in age even though it passes con
formably into the Vealden, which is regarded as Lower Cretaceous.

(c) The Present Study

(*■) Objects. -
Previous study of the Purbeck has been concerned 'with 

stratigraphy and various aspects of palaeontology. Nothing has



T A B L E  I

Purbeck Nomenclature and Ostrncod Zones

UPPER
•

Cypridea setina
Viviparua Claya 

| Upper Cypris Shales 
’ Unio Beds
' Upper Broken Shell Limestone

C. propunctata
| Chief Beef Beds 
Corbula Beds 

’ Scallop Beds
MIDDLE

C. fasiculata
| Intermarine Beds 
Cinder Bed

’ Cherty Freshwater Beda
C. granulosa Marly Freshwater Beds

Oandona bononienaia | Soft Cockle Beda 
„ Hard Cookie Beds

LOVER
Cypri3 purbeckensis

’ Cypris Freestones 
, Broken Beds 
, Hard and Soft Caps
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been done on the sediment3 ; indeed, mioroscope examination 
appears limited to brief descriptions of some half dozen 
random thin sections (Sorby 1879, P* 79; Strahan 1898, p. 79; 
and Chapman 1 9 0 5 , p. 2 8 3) and the beds are described in such 
general terms as 3helly limestone or rubbly marl. This tells us 
very little about conditions of sedimentation, particularly as 
the Purbeck beds show frequent lithological changes which re
present response to environments which changed rapidly, as will 
be shown, from evaporitic to marine, marine to brackish and 
brackish to freshwater.

The prime object of the work described here, therefore, 
was a study of the petrology of the Purbeck sediments in Dorset, 
and the limestones in particular. In addition, lateral facies 
changes and sedimentary structures were to be used to develop 
a better picture of the palaeogeography during Purbeck time. 
Subsequently an additional object of research developed with 
the discovery of abundant calcareous algae in the Lower Purbeck. 
The mode of occurrence and effect of these plants on sedimen
tation became an important part of the work.

(il) Methods. -
All sections of the Purbeck in Dorset were remeasured and 

^tailed examination ;.nd sampling were carried out. A low power
reading lens of 3 ” diameter proved very useful in the field 

J 0r Preliminary examination of the strata. Samples of all major
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beda were examined in the laboratory using standard procedures; 
thin sections, polished surfaces, stained surfaces and acetate 
Peels. Details of these and other techniques are given in the 
appendices.

In all some 300 samples were collected of which 450 were 
either thin sectioned or peeled, and some 300 polished surfaces 
were prepared, A total of 7 months was spent in the field, the 
investigation being hampered to some extent by the situation of 
two of the localities, Worbarrow Bay and Mupe Bay, in a War 
Department firing range; consequently les3 time was spent on 
these sections.

(iii) Homenolature. -
Carbonates have been more afflicted with confused terminology 

than perhaps any other class of rocks. The same name is applied 
to different things, or different names to the same thing, and 
though attempts have been made to produce unified nomenclature 
the subject Í3 complex. Currently a committee sponsored by the 
American Association of Petroleum Geologists is working on the 
problems of classification and description of carbonate rocks, 
and perhaps an acceptable scheme may be developed, but it 
behoves each worker to state clearly the meaning of the terms 
be uaes.

A good discussion of nomenclatorial and other problems has 
recently been published by Folk (1959) who proposed a classifi
cation to be applied to "unrecrystnllised" marine limestones,
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with & nomenclature that indicates the nature of the components 
and matrix of the rock. Basically it is simple and straight
forward and throughout this work, where possible, Folk's 
terminology is given. As he admits, some rocks will not fit 
into the classification as it now stands, and where these occur 
an attempt is made here to name them in a suitable manner• 
Figure 2 illustrates Folk's terminology.
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II. S T R A T I G R A P H Y  A H D S T R 0 C T LT R E
(a) General

Division into Lower, Middle and Upper Purbeck and subsequent 
sub-division into lithological units was made by ?orbe3 (1 8 5 0 ) and 
Bristow (1857, 1059) in the Dorset type area. These divisions and 
their modern zonal equivalents are shown in Table I.

In Dorset the Purbeck beds have a maximum thickness of about 
121 m. (396 ft.) at Durlston Bay though moat of the lower division 
here is now un-exposed. They are 83 m. (273 ft.) thick at 
Worbarrow Bay, 71 m. (232 ft.) at Mupe Bay, 60 m. (198 ft.) at 
Lulworth, 57 (189 ft.) at Ridgeway, but thicken to about 67 m.
(220 ft.) nearby (Anderson 1958, p. 120). At Stair Hole and 
Durdle Door, 800 m. west of Lulworth, strike faults have cut out 
part3 of the succession but Arkell (1938, p. 27) calculated their 
original thicknesses at 45 m. (146 ft.) and 42 m. (138 ft.) res
pectively, indicating considerable thinning in this area. Only 
about 25 m. (75 ft.) of Lower Purbeck remains on the iBle of 
Portland. All these thicknesses must only be approximate owing 
to (a) lack of continuous exposure in the sections, (b) probable 
teotonic thinning of some of the softer beds, and (c) the removal 
by solution of unknown amounts of gypsum. Table II shows the 
approximate thicknesses of the three divisions at the main
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localities.
The junction between Upper and Middle Purbeok is taken at the 

-c l,c!i 3 rojcerl shell Limestone. Thi3 is a '.veil defined
lithological break easily recognised at each locality. Between 
Middle and Lower Purbeck the boundary is more difficult to 
determine. Palaeontologically the first appearance of the 
ostracod Cypridea granulosa at the base of the Marly Freshwater 
Beds i3 taken ci3 the division.

This division, between the Marly Freshwater Beds and the 
underlying Soft Cockle Beds, is generally not well exposed or 
is badly weathered, and from a descriptive point of view it 
would be best to take the boundary between Middle and Lower 
Purbeck as being the base of the Cherty Freshwater Beds, treating 
the Marly Freshwater Beds as Lower Purbeok. This has been done in 
this the3is.

Bristow’s 3ub-divisions have been used to the present day, 
and are readily distinguishable at each locality. They are not 
ideal, however, as frequently they differ lithologioally from 
one locality to another. Thus, the Hard Cookie Beds from 
Lulworth to Worbarrow consist of hard, sandy and shelly lime
stones (sandy pelsparites), whereas at Durlston Bay the equi
valents are composed of shales and caloite-mudstones (miorites). 
Then too, save for the brecciation, there is no apparent major 
lithologioal difference between the Broken Beds and Cypria



T A B L E  II

Approximate Thicknesses of the Purbeck Divi along

Lower Middle Total

Durlston Bay (50.50) 5 0 .6 0 (19.40) 1 2 0 . 5 0

Worbarrow Bay 40.20 30.42 (12.40) 8 3 .0 2

Mupe Bay 37.34 17.46 (15.70) 71.00

Lulworth Gove 37.86 14.99 (7.12) 59.97

Ridgeway (23.07) (14.64) (14.90) (57.61)

Thicknesses in metres. Brackets indicate seotions not
remeasured
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Freestone 3 in the Lulworth-'Vorbarrow area.
It is felt that it would be unwise to introduee a new 

stratigraphic nomenclature at this late stage, and 30 in the 
following sections Bristow*;: names are retained.

The cross sections, figures 3a and 3b (in pocket) illustrate 
the bed thicknesses and bed numbera a used in this work. The 
Durl3ton Bay numbering is that used by Damon (1884), though the 
thicknesses obtained on re-measurement are sometimes at alight 
variance with those given by him. The letters DB, 'tfB, ?4B, and 
LC refer to Durlston Bay, Worbarrow Bay, Mupe Bay and Lulworth 
Cove respectively. Details of the Ridgeway section are taken 
from Fisher (1856) and of the Portisham area from published 
work supplemented by personal observation.

(b) The Portland-Purbeck Boundary

The Portland-Purbeck boundary usually appears obvious, but 
aa is so often the case the obvious is not always correct. At 
most localities there wa3 no break in sedimentation between 
Portland and Purbeck and no precise boundary oan be selected. 
Invariably, however, there i3 a sharp break near the base in the 
form of one of the so called dirt beds, or fossil soils, which 
have usually been considered to mark the base of the Purbeck.
Thi3 13 well shown in the east cliffs of Lulv/orth Cove where
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there 1 3 a persistent oherty shale ? —5 om. thiok at the base of 
bed 1 0?, which lies on a pronounced ledge and seems a most 
suitable position to pick aa the base of the Purbeok (see fig.

)• Nevertheless, careful examination of the beds beneath 
reveals that, while most of the rook weathers to the charac
teristic cream colour of the Portland freestone, the top 30 om. 
weathers white and poroellanous like the Purbeck above. Thin 
sections show that this 30 cm. is a typioal Purbeck limestone 
with clotted algal masses and pellets, quite unlike the oolitio 
(and shelly) Portland, and there is no doubt that Purbeck-type 
sedimentation had begun prior to the emergence that produced the 
first dirt bed.

A similar sequence of Dirt Bed on Purbeok-type limestone on 
Portland can be found at Mupe Bay and '.Vorbarrow Bay, and though 
faulting obscures the contact relationships at Durlston Bay, a 
comparable section can be seen in the oliffs 10 0 0 m. to the west. 
The exposures at Poxwell and Ringstead show similar character
istics, thus Arkell writes of the Ringstead exposure "The lowest
bed, a thin layer of splintery white limestone, ....  is cemented
tightly to the Portland Roach below". (1947, p. 143). Many of 
the exposures on the Isle of Portland also show much the same 
sequence, but there are some differences for in places the 
Portland was eroded prior to Purbeck deposition. The cross
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section of a channel cut into the Portland and filled with 
Purbeck sediment and derived Portland fossils oan be seen in 
the cliffs near Black Nore (Nat. Grid. SY 679710 fig. 4), and 
evidently emergence took place sooner in some places than others, 
-he dirt beds, in which tree remains are found, indicate emergence 
and suggest that the ohange to Purbeck lithology was a function 
of the shallowing of the water.

(c) Main Stratigraphic Features

The following supplements the Purbeck and Weymouth memoirs 
which provide adequate general descriptions of the several 
localities. Here, only some more important features of 
stratigraphic interest are described, most of which have been used 
in correlation.

Near the base of the Hard Cap at Vorbarrow Bay (VB.3) are 
developments of 3pongiostromid algal balls. Th^y are from 
0 ,^ 0 - 1.50 m. in diameter and merge laterally into bedded lime
stones (pelaparites) ¿"figs. 5, 6 and 7_7. These algal ball3 

readily weather white, and have a nodular and porous appearance 
due to the leaching out of softer oarbonate-mud stone. They are 
built up of smaller (1 - 2  cm.) spongiostromid algal heads which 
have developed around a localised nucleus. Similar structures 
can also be 3een near Lulworth, but there the greater development



Fig. *♦.

Fig.

- uroas section of a
Purbeck containin0

channel cut into the Portlandiun, filled by basal 
derived Portland fossils and fragments of Chars.

length of section, ' j m. Isle of Portland.

. - Psrt of a spongiostroioid algal ball pausing laterally into, and over
lain by, bedded detrital limestones.
Lower Purbeck. aorburrow Bay.
Basal Beds.





Fig. b. - Lpongiostroraia algal ball passing laterally into bedded detrital 
■limestones.
Lower Purbeck. worbarrow Bay.
Basal Beds.

Fig. 7 Lpongiostromid algal layers with beaded detrital liaestones
Lower Purbeck. Worbarrow Bay.
Basal Beds.





Fig. 8. - Dirt Bed with ill-sorted blocks of liaeatone in a black •earthy* matrix. 
Underlain by detrital limestones, overlain by porous algal Doft Gap.
Lower Purbeck. Fossil Forest.
Basal Beds.

Fig. 9» “ Diagrammatic sketch showing derivation of blocKs in the dirt bed from tb® 
underlying Hard Gap. Cross-hatched blocks are derived from sub-adjacent 
(cross-hatched) Hard Gap. Other blocks and pebbles, dotted or blaci., ar® 
not identifiable as belonging to the Hard Gap owing to their decomposed 
and weathered nature. (From field sketch)
Lower Purbeck. Fossil Forest.
Basal Beds.

Fig. 10. - *Pellet Bed'. Hicrito pebble (light grey at bottom) with disseminated 
pyrite apecksj matrix of pyritiaed faecul pellets (black and grey), 
small micrite fragments and a few shell fragments in a granular calcit® 
cement.
Lower Purbeck. Lulworth Gove.
Goft Cockle Beds.





°f algal beda generally obscures such small structures.

Thin imperaiatent Dirt Beds are present in the lower half 

of the Hard Cap, but a maior period of emergence is shown by 

^he main or Great Dirt Bed that separates the Hard and Soft 

Caps, This bed can be traced from Portland to 'Sorbarrow Bay,

It is best exposed at the Fossil Forest midway between Lulworth 

Cove and ’lupe Bay, where it i3 a maximum of 30 cm. The bed 

Consists of a brovn to black carbonaceous shale full of much 

‘‘’Gathered grey and black limestone blocks which vary from pea 

drains to 60 oma• or more in length.

‘debater (1829, p. 42) recorded these blocks as ”.....

belonging to the lower part of the Portland series" and this 

bas been generally accepted since, though 'with reservations 

(see Arkell 1947, p. 125)* Certainly it is difficult to 3®e 

bow Webster's views oan be justified (he gave no evidenoe to 

0apport them), aa, save for the minor channelling on the Isle 

°f Portland, the Portland surface is uneroded and in this area 

^here is always from 1 to 4 m. of Purbeok below the Dirt Bed, 

similarity to present day soils formed by the weathering 

°f limestone was commented upon by Arkell (1947* p. 125), and 

ft ia often possible to trace a sequence from unweathered Hard 

Cap through partly broken and weathered rook to blocks in the 

^irt Bed (figs. 8 and 9), d e a r l y  demonstrating derivation from 

Qub~ad j loent Purbeck,



Fig. 11. - Ltromatolitic growth forma in fragments from tne second pellet bed.
Hie fragments are natural size and the lines represent the lamin
ations visible on the polished roc* surface.
Lower PurbecK. Lulwortn Cove.
Co; t Cockle Bede.

lit,. IF. - Chert nodules (dark) in Chara limestone; illustrates the irregular 
sha^e of the nodules.
Middle Purbec«̂  
Cherty Beds.

hurlston Baj
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The Soft Cockle Beds comprise i succession of blue-grey 

o licit e-mud ato nea and caloareou3 ah ¿leg which would be difficult 

to correlate but for the presence of two distinctive pellet beds 

(l>C 72 &  29: VB 45 & 5 3 ). The lower, which extends from Durdle 

Door to Yorbarrow Bay, is beat developed on the west 3ide of 

iulworth Cove where it ia nearly 1 m, thick. \t 'Vorbarrow the 

bed ia 30 cm. and between these two localities may thin to 5 - 1 0  

cm. It consists of flat pebbles of oaloite-raudstone (micrite) 

Several centimetres in diameter md usually 1 - 2  cm. thick, in a 

Matrix of anal1 rod-like micrite pellets 1 0 0 -2 0 0 yu in diameter, 

and granular calcite cement (fig. 10). The pebbles have rounded 

edges, are blue-grey when unweathered and contain abundant dis

seminated pyrite opecka. A few have a thin cream coating of 

*lgal mudstone with faint structure preserved. The pebbles 

show g >od planar orientation parallel to the bedding. Some 

Contain small salt pseudomorphs.

The second bed, about 3 m. higher and 20 cm. or less in 

thickness, ia much different, and consists of a breccia of 

atroinatolltio algal fragments set in a granular 0 alette cement, 

?he fragments are up to 5 cm. in length, though they rarely 

exceed 1 cm. nd show good internal lamination and growth forms 

(fig. 11). The bed weathers readily to a yellow-brown, but is 

bon-pyritic.
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The development of chert nodules in the Cherty Freshwater 

Beds is characteristic throughout the outcrop. The nodules are 

variable in size up to 60 cm. diameter, black where unweathered, 

with a white patina, irregular in shape (fig. 12) and always 

containing abundant silicified fossils. Associated limestones 

are a light cream and many were formed by the action of stone- 

worts of the class Charaoea. These plants to-day are freshwater 

and precipitate carbonate around their stems; this sloughs off 

to accumulate as a caloite-mud, but sometimes the carbonate 

break3 off as small fragments (1-2 cm.) which become incorporated 

in the mud and produce a characteristic brecciated appearanoe in 

the rock (fig. 13, Pettijohn 1943, p. 309).

Beds LO 52, 53, MB 25, WB 73, OB 31.

The most distinctive correlation marker in the Purbeck is 

the Cinder Bed. So oalled on account of its rough sooriaoeous 

appearance it is a lumaohelle of the oyster Oatrea distorts.

Small white masses (1-2 cm.) of the calcareous worm Serpula 

poaoervata occur as well, the same species as in the Gerpullte 

or Middle Purbeck of Germany. The bed is 2.9 m, thick at 

Burlston Bay where it has a middle unit composed of valves and 

fragments of Protooardla. together with spines and pis cea of 

test of the echinoid Hemlcldarls purbeckensis. This middle unit 

thins, and i3 absent to the west of Mupe Bay,

A further correlation marker occurs near the base of the 

Intermarine Beds wlr.ch overlie the Cinder Bed. It is a bed of
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blue-grey calcite-uudstone containing Ohara. 70 cm. thick 

t Our Into n Bay (OB 4” ) it c . n be traced as far as Lulworth 

Cove (VB 33, MB 29, LC 60).

Although the remainder of the Middle and Upper Purbeck 

c n be correlated in bro d outline, only one further bed c m  

be used as a specific datum. This is a thin bed of calcareous 

s-.ndstone found in the Corbula Beds (3B S3, WB 100, MB 37, LC 66). 

The bed contains from 50-35# by weight of quartz at each locality. 

It is attacked by marine borers (probably gastropods) which gives 

it : distinctive pitted appearance (fig. 14).

The ouloite-mudstones of the Corbula Bed3 often show a 

gradation of texture. At the base of a unit are well formed, 

rounded, calcite-rriudstone pellets in a very fine grained granular 

oulcite cement. Passing upwards the pellet boundaries gradually 

merge, wita a consequent reduction in granular cement, until at 

the tops of the unit a uniform caloite-mudstone is present.

Then there is a sharp break, and the cycle is repeated. As many 

'is 13 such cycles have been seen in a 30 cm. bed,

Various sedimentary features such as dessication cracks, 

suit pseudomorphs, ripple-mark and small scale cross-bedding, 

occur in places throughout the Purbeck and are noted on Bristow’s 

sections (Bristow 13^7, 1339)« They are U3ed in environmental 

Analysis in liter sections of this work.



Pig. 13» - Illustrates the brecciateu appearance of many of the Chara iimestonefl- 
Caused by the Incorporation of semi-consolidated carbonate fragments 
in a carbonate mud, all bein.;i derived from tae activity of the stone" 
wort alga Chara.
Pencil is 10 cm. lontj.
Middle Purbeck. Lulworth Cove.
Ghtrty Bede.

Fig. lb. - Pitted surface of sandstone found in the Corbuxa Beds. Due to the 
boring action of modern marine gastropods, burface is 1 m. long.
Middle PurbecK. Worbaxrow Bay.
Corbula Beds.





Fig. Ik k , - Tight fold in the Cypris Freestones. Looking more or less directly 
along the axis.
Cypris Freestones. Mupe Bay.
Lower Purbeck.

Fig. l̂ B. - Small thrust. A 30 cm. bed of calcite-mudstone has been thrust up 
dip about 2 ra. Over and underlying beds are unaffected.
Intermurine Beds. Worbarrow Bay.
Middle Purbeck.

Fig. lAC. - A small crumple or fold in the Broken Beds, typical of many that 
are found in this division. The axes nearly all run parallel to 
the main Weymouth anticline.
Broken Beds. 
Lower Purbeck

Fossil Forest.





(d) Structure

(i) General. -

The dominant structure of the Dorset area is the 

/eymouth-Purbeek anticline. This plunges eastward and was 

formed by folding along an east-west axis during the Tertiary 

earth-movements. The south limb, best exposed on the Isle of 

Portland, dips south at a low angle, while the north limb, 

which is seen in coastal exposures between Burlston Bay and 

Burdle Door, dips more steeply to the north. Inland, the 

structure is further complicated by intra-Cretaceous faulting 

and folding. Axes of minor folds within the Purbeck beds 

(fig. 14A) are parallel to that of the Weymouth anticline, 

and were undoubtedly formed during the same period of move

ment, but in tra-stratal folding is of comparatively minor 

importance.

A few large faults cut Purbeck bed3, most noticeably at 

Durlaton Bay, where two normal dip faults with a combined 

throw of about 100 m. cause a repetition of the entire Purbeck 

se .uence. Several normal faults of small vertical displace

ment (1-? m . ) occur here and there in the formation, and a 

few small thrusts are found in places (fig. 14B) with apparent 

displacement up dip of about 2 m.

Full discussion of the structure of the Dorset region is 

given by Arkell (1947, pp. 245-312).
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(i i ) Broken Beds, -

These brecciated limestones are the most striking 

feature of the Purbeck beds between BurIs ton Bay and Durdle 

Door (see figs. “*7- +7 )# jn a thorough discussion, Arkell 

(1938, also 1947) concluded that they are " ,.. a form of 

adjustment tectonics (drag-folding) resulting from the 

formation of the Purbeck anticline .., " He was unable to 

account for the restriction of breociation to one main hori

zon, but Hollingworth (1938) suggested that hydration of an

hydrite, and the subsequent solution of gypsum, might have 

formed local areas of weakness at this level that yielded 

preferentially during the folding.

Prior to the present study no evidence was known for the 

presence of evaporite3 in these beds, but as is shown (p. ¿5 ) 

pseudomorphs after gypsum, and replacement textures after an

hydrite, indicate that gypsum was at one time present, at least 

interatitially. Hydration and solution of this gypsum, there

fore, could well hive initiated areas of weakness as suggested 

by Hollingworth. Similar brecciated beds in the Permian of 

Yorkshire have been attributed entirely to collapse following 

the removal of gypsum. The Purbeck breocia, though at first 

sight chaotic, contains minor folds and crumples (fig. 14C) 

the axes of which trend parallel or nearly parallel to the 

Veymouth anticline, and it seems evident that they were pro

duced during the same period of folding.



It appears, therefore, that the Broken Beds were pro

duced by a combination of weakening due to the removal of 

gypsum, aid tectonic pressures during- the Tertiary folding.

(iii) .Different! ;.l sub aid e nee. -

Movements during the deposition of the Purbeck beds are 

indicated by variations in the thickness of the lithological 

sub-divisions. Daring Lower Purbeck and earliest Middle 

Purbeck time, subsidence generally appears to have been 

greatest in the east, as indicated by the uniformly in

creasing thicknesses of the divisions from west to east. At 

.orbarrow Bay, however, the Intermarine and Scallop Beds are 

thinner thin they are at Mupe Bay (3.13 - 3 .3 8  m . ), the 

Durlaton Bay section being very thick (16.25 m . ), and a 

slight positive area seems to have existed at Vorbarrow. The 

Corbula Beds, on the other hand, are nearly 1 m. thicker ut 

Worbarrow than at BurIston Bay, and it appears that at this 

time the Worbarrow area was subsiding more rapidly than else

where.

These movements are probably connected with those that 

affected the Ridgeway and Fortisham areas as described by 

Anderson (1958, p. 119)« There, it is suggested that a small 

basin existed to the west of the main Isle of Purbeck basin,

and separated from it by an axis of uplift between Ridgeway



and Laiworth that was movin' throughout Purbeck time. This 

axis was responsib le for the thin sections of Purbeck now 

found t Hurdle Door and Stair Hole, and it is interesting 

to note that its strike is parallel to a similar axis that 

separates the Wessex and Wealden basins of deposition (Taitt 

and Kent, 1953).
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(a) General Description

The Basal Beds comprise the Hard (or Top) Gap at the base, 

the main. Dirt Bed, and the Joft Cap, though where the Diit Bed 

is not identifiable, as to the east of .Vorb,arrow B y, dif

ferentiation of Hard and Joft Gap is impracticable (fig. 15).

The thickness of the Hard Gap is shown in Table Ilia. It 

is characterised by rapid lateral and vertical variation in 

lithology and thickness, in places increasing from 2 to 4 m .  

in as little as 1? m, horizontally. This is best seen along 

the west cliff sections on the Isle of Portland, and between 

Lulworth and Mupe Bay. The beds are light to medium brown 

when fresh, but are usually seen weathered as white to grey, 

often porcellanous limestone of various types (figs. 16, 17). 

Many have a finely nodular or botryoidal appearance (fig. 18) 

and are very porous.

In exposures to the west of Vorbarrow Bay there are near 

the base one or two thin (2-a cm.) impersistent ’Dirt Beds' 

which weather and form dee grooves along the outcrop. They 

re underlain by dessication cracked Ortone11a limestones 

(p . as ).

Some of the limestones developed around a nucleus, usually 

Of wood, aid form concretions of from 1-2 m. diameter. These



TABLE III

a) Hard Gap Thicknesses Metres

Isle of Portland 1-4

Portishara 2

Chalbury 2

Poxwell 2.5

Lulworth Cove 5

Mupe Bay 6.5

’.'/orbarrow Bay 2.5

Burlston Bay 2-3?

b) Dirt Bed Thicknesses Centimetres

Isle of Portland 0-20

Portisham 4-5

Chalbury ) 

Poxwell )
trace

Luiworth Cove ) 

Mupe Bay )
18-30

"/orbarrow Bay trace

Burlatori Bay absent
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Po r t l a n d
Fig 15



iT.it> 10. - section of the Hard and ¿¿oft Gaps, ¿¿hows the generally massive 
appearance of the Hard Cap, here about 3»D ra. thick. Dirt Bed 
is only poorly developed here at the too of the ma'n massive bed.
Lower Purbecn. Isle of Portland.
Basal Beds.

tig. 17. - 'Contact' between the Portland and Purbeck, and section of Hard 
Catj. The apparent contact is at the pronounced ledge which is 
eroaad along a thin dirt bed, but PurbecK typo sediment is present 
for some 30 cm. below this ledge and tne contact with the Portland 
is actually gradational.
Lower Purbecn 
Basal Beds.

Hear Mupe Bay





Fift. Id. - Nodular and botryoidal appearance of some of the Hard Cap limestone 
Pocket scale is 3 cm. Ion,?:.
Lower Purbeck. Lulworth Cove.
Basal Beds.

Fig. 19. - Two large limestone nodules (to the left and right of the hammer) 
probably formed around a nucleus, passing laterally into bedded 
detrital limestones.
Lower Purbeck 
Basal Beds.

Lulworth





re surrounded 'by and overlain by evenly bedded detrital lime

stone;! (figs, 19, 20). At orbarrow Bay there are similar 

looking masses J to 1 m. diameter also passing laterally into 

bedded limestones, but which do not have a nucleus and were 

formed by spongioatromatolitio algae (figs. 5 f 6, 7, 21). They 

are true reefs (wave resistant masses built up on the sea floor, p. 12).
At the top of the Hard Cap in the Lulworth area is a 

1-1, m. thick unit consisting of small scale (2-5 cm.) cross- 

bedded layers >f limestone (figs. 2?, 23) which contain rounded, 

spherical to ellipsoidal 0alcite grains up to J ram. in diameter 

(fig. 40). In places the top of this unit 3hows dessication 

cracks but these are usually covered by the main Dirt Bed. 

Elsewhere, the top of the Hard Cap is a thinly laminated 

atr oia .tolitic limestone 10-50 cm. thick, also showing desaio ition 

cracks. Where the surface of the Hard Cap is areally exposed, 

s at the Fossil Forest, small collapse structures can be seen. 

These are roughly circular, 3 m, or so in diameter and about 1 m. 

deep, (fig. 24) and appear to hive formed due to the removal of 

material from beneath, The inferences to be drawn from this are 

discussed in detail below (p. * 7  ).

The main Dirt Bed has thicknesses shown in Table Illb. It 

consists of a soft black carbonaceous ’earth’ filled with ill-



3 orted blocks of weathered limestone with colours ranging 

from li ;ht grey to black. All, however, were derived from 

the Hard Cap which passes graditionally into it (p./£ ).

Trees that grew in this soil are sometimes found in 

.,1 ce and standing about 1 rn. high, but more commonly occur 

broken off in lengths up to 3 m. The wood is silicified with 

or.; .nic textures preserved, .and the remains are surrounded by 

concretionary m isses of porous calcareous tufa producing the 

so called "burrs". This is especially noticeable at the ^ossil 

Forest (fig. 25)» These tufa burrs re overlain by, and pass 

laterally into, bedded algal limestones of the Soft Cap. In 

„lices a little bedded chert, up to 10 cm. thick, may be 

present (fig. 26).

The Soft Cap passes irregularly upwards into the Broken 

Beds so thicknesses v ,ry. All the beds are very porous and 

weathered. They are light grey or white, though brown when 

fresh (fig. 26). The basal 30-50 cm. is essentially similar 

in appearance to the porous nodular Hard Cap, but above this 

bed the similarity ends.

On the Isle of Portland and to the west of Durdle Door the 

limestones above the basal bed are thin bedded (2-5 cm.), pseudo- 

oolitic nd fossiliferous, typical of the Broken Bed lithology 

(p. CZ ). In the Lulworth area and to the east the change is
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Fig. ¿0. - Algal balls of about lji m. diameter, probably formed around a 
nucleus. Underlain by massive Hard Cap limestones.
Lower Purbeck. 
Basal Beds.

Lulworth cliffs 
(inaccessible)

Fig. ¿1. - Spongiostromatolitic algal ball passing laterally into, and 
overlain by bedded detrital limestones.
Lower Purbec* 
Basal nods.

»orbarrow Bay
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Fig. LB. - Cross-bedded detrital limestones infilling an irregular surface 
on spongiostromatolitic Hard Cap.
Lower Purbeck. fossil forest.
Basal Beds.

Fig. Bp. - Close up of the cross-bedded units seen in Fig. LB.
Lower Purbeck 
Basal Beds.

Fossil Forest
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Fig. dh. - Collapse structure in the Hard Cap. Diameter is about 3 ra., and 
depth about 1 m. Probably caused by the removal ox gypsum during 
the formation of the Dirt Bed.
Lev t e r  Pur dock# F o s s i l  Fores t#

kb. - Algal tufa 'burr'. These formed around tree trunks and steciu, the 
remains of which are now found 3iiicified. Hammer marks the site 
ol the central tree truns.
Lower Purbeck. Fossil Forest,
basal Beds.

Fig. ¿6. - Irregular, porous Loft Cap (below hammer). The beds by the hfuiiraer 
are weathered saccharoidal limestones. The bed immediately below 
the weathered groove is bedded chert wh cli occurs rarely at this 
horizon.
Lower Purbeck 
Basal Beds.

Fossil Forest





to white s-iccharoidal limestone that thickens progressively 

from about 1> cm. it Lulworth Cove to 3 m. it Durl3 ton Bay, 

where it is involved in the brecoiation3 of the Broken Beds.

The basal Purbeck bed3 in Dorset can be divided into six 

main lithological types whose general stratigraphic positions 

•are shown on figure 15. They ares-

Ortonella and Girvanella limestones 

Nodular limestones 

Stromntolitic limestones -

Spongiostromata type 

Even-laminated type 

Bedded detrital limestones 

Bituminous calcareous shales 

C-acoharoidal limestones

(b) Petrology of Ortonella and Girvanella Limestones 

(i) Petrography. -

These occur at the base of the Hard Cap aa beds of variable 

thickness up to 0.7o m. They consist of sub-spheroidal nodules 

of Ortonella nodosa (Anderson) urj to 3-4 cm. diameter, though 

usually smaller, with leso abundant Girvanella nodules (G, 

intermedia leathered) of the same order of sire. The nodules 

are in a matrix of pellets of c licite-mud stone with a few 

03tracal shell fragments, all in a granular oaloite cement
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(Bathurst, 19d8, pp. 14-20). ./hen fresh the nodules are 

medium brown and give a clotted appearance to fractured rook 

surfaces. They weather to a porcellanous white or grey.

Ortonella belongs to the family Godiaoeae of the green 

algae. The members of this family have a freoly branched 

tubular thallus of interwoven, continuous branching filaments. 

To-day, all are marine and the majority are restricted to warm 

seas. Ortonella is crustose or nodular and forms rounded or 

irregular masses. In thin section the nodules here show 

branching filaments of calcite spar, averaging 40yt( diameter, 

with well defined walls of algal dust (Wood, 1941)« Filaments 

re best developed towards the periphery of the nodule, merging 

to clotted oalcite-mudstone at the centre (fig* 27). This mud

stone may in turn surround a small (1 0 0- 2 00 .̂ ) irregularly shaped 

nucleus of calcite spar. The mudstone is light grey, with pitchy 

gr ..in sire varying from 2-10j*. . Grains in the mudstone are some

times aoicul r hut more commonly equant, while grain boundaries 

are mostly plane, though a few are curved. The oalcite forming 

the filaments shows many characteristics of a druay cavity 

filling (Bathurst, 1958).

S i m n e U a , though a well known genus, i3 of uncertain 

affinities. It has generally been placed with either the greon 

or the blue-green algae, though this nay need revision ( food,
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1937, p. 27). Nevertheless, as a faciea indicator Girvane11a 
nodules can be reliably taken to indicate shallow clear water 
( ood 19/7, 1« 23). /be Girvane11a nodules here consist of 
unbr .nched, twisted, vermiform filaments of calcite spar 
6 0 - 1 0 0 p  diameter, with more rarely a second form, of diameter 

45-30^, in a oaloite-mudstone similar to that of the Ortonella 

nodules, though in this case preservation of algal filaments is 
usually not as good.

Most nodules oontain in addition variable amounts of 

yellow-brown, translucent, crypto-crystalline oaloite, sometimes 

as a thin fibrous rim (fig. 27), but more usually as irregularly 

shaped patches within the nodule. The rims may be as much as 

3 0 0 ^  thick, fibres forming them being 2- 3 ^  wide and up to 

long, oriented normal to the nodule surface.

Inter-nodule spaces are quite large, up to 2-3 mm., and the 

nodules are in a typical granular oalcite cement of fairly coarse 

crystal siae (up to pOO^-). The oement crystals have straight 

boundaries, some show twinning, and many oontain irregularly 

scattered whisps and inclusions of calcite-mudstone. Some of 

the crystals contain tubes, 1 8- 2 0 ^  diameter and finer, often 

partly filled with oalcite-mudstone, which can sometimes be 

followed from the cement into algal nodules. This presumably 

indicates early cementation while the sediment was still subject 

to attack by boring organisms. The caicite-mudstone inclusions
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in the cement also s u r e s t  that it formed while o ilcite-mud 

was still in suspension and capable of being included within 

the precipitate.

Associated with the nodules are irregularly shaped caloite 

mudstone pellets 60-130 u- longest diameter. The mud grains 

within these pellets are morphologically similar to those of 

the nodules and in j-daces it is evident that the pellets are 

derived from the nodules by abrasion. A few oatraood shells 

and very rare forxminifera are also present in the rook, to

gether with small rectangular pieces of yellow-brown, isotropic 

collophane bone fragments, Jometimea, thin, 3-1 0/^ , very 

irregular, brown bituminous ahale laminae ooour which, if they 

were originally more or leas horizontal, indicate some movement 

to have taken place within the rock, perhaps due to pressure 

solution.

In places chalcedonic quarts is found to have replaced the 

calcite-mudstone of the nodules. Initially, replacement was 

irregular, but euhedral quartz crystals were developed, 2 0 0 ^  

or so in length, zoned with specks of unaltered mudstone. 

Replacement is not common in this type of rook and it confined 

to small areas.

(ii) Origin. -

The fine-grained c .rbon.te precipitated around certain



Fig. ¿7» - P h o t o m i c r o g r a p h  o f  an  O r t o n e l l a  n o d u l e  w..th thin r i m  o f  fi b r o u s
calcite. The f i l a m e n t s  a r e  h e r e  n o t  we l l  p r e s e r v e d .  L i g h t  a r e a s  
are g r a n u l a r  c a l c i t e  c e m e n t  or d r u s y  fillings.

L o w e r  PurbecK.. M u p e  3ay.
B a s a l  Beds.

Fie;* ¿ft» ~ P h o t o m i c r o g r a p h  of  n o d u l a r  l i m e s t o n e .  M e d i u m  g r e y  s p h e r u l i t i c  
and b o t r y o i d a l  m a s s e s  are y e l l o w - b r o w n  c a l c i t e  formed by c r y s t 
a l l i s a t i o n  of an a l g a l  gel. b y n e r e a i s  c r a c K S  a r e  on l y  fa i n t l y 
v i s i b l e  in the p h o t o g r a p h .  Da r k  g r e y  a r e a s  are m i c r i t e ,  li ht 
g r e y  -o w h i t e  ureas are g r a n u l a r  c a l c i t e  cement.

Is l e  of  P o r tland.L o w e r  P u r b e c t  
B a s a l  Beds.





...lgal threads, as in Ortonella and Girvanella. was termed 

"algal duet" by Wood (1 9 4 1), who showed that it was composed 

of angular calcite crystals f - 3 l o n g .  He presented evidence 

that the original precipitate was of calcite, and not aragonite 

as is the case in some modern calcareous algae (Lowensturn and 

Epstein, 19_>7). The mechanism by which calcareous algae pre

cipitate calcium carbonate is not well understood. According 

to Jones (1925) it is due to the life processes of the plant 

causing a local deficiency of OO2 in the water surrounding the 

filaments. This in turn lowers the solubility of OaCO^, which 

precipitates upon the filaments as minute crystals of culcite. 

Upon the death of the plant the filaments decay, leaving 

a cylindrical cavity that may be subsequently filled by druay 

oalcite. /here this occurred, the algal Just was obviously 

lithified prior to the decay of the filaments, but it is 

likely in many oases this was not so, and that the fine 

oalcite crystals were dispersed to accumulate as a mechanically 

deposited mud, the origin of v&ioh would be obscure.

The nodules in these beds developed around a nucleus, and 

the frequently symmetrical appearance shows them to have been 

unattached and rolling about, thus allowing equal growth in all 

directions. This also resulted in their having a relatively 

3:mooth outline, and occasionally led to the formation of a thin 

oolitic rim.



The calotte grains of the filament walla are alightly 

coarser here than those described by Wood, tip to lOyu diameter 

in some cases, bub this may well be a peculiarity of the 

particular algal species. On the other hand, the merging to 

a clotted mud3 tone at the centre of the nodule may indicate 

a different mode of precipitation. It is possible that decaying 

algal threads at the core of a nodule produced ammonia, whioh 

would cause the precipitation of CaC0 3 (Reis, 1923)» perhaps 

of slightly different grain sine to that on the filaments.

The calaite-mudstone sometimes associated with the nodules, 

either as pellets or thin layers, is formed of grains of similar 

sire and shape as the algal dust, and it almost certainly 

derived from the breaking up of the unllthified filament walls, 

Turbulanoe and abrasion of lithified nodules could have provided 

both discrete grains and some of the irregular pellets.

Ortone 11a and Girvanella are both well known in Carboniferous 

limestones where they commonly occur with ostracods and worms 

iri a lagoonal facies (George, i9 6 0, pp. 354-6). The restriction 

of plants to two main genera of algae, and their association 

with an impoverished fauna of ostraooda, and possibly worms, 

suggests that in the basal Purbeok. too, conditions other than 

normal marine prevailed. They were perhaps also lagoonul or, 

in view of the dessioation cracks (p, 26" ), and the presence of
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thin dirt beds, it may be more accurate to picture a tidal- 

flat environment on the border of a lagoon.

The topmost Portlandian is richly algal, containing for 

example abundant Colenopora .md, in addition, bryosoa. It i 3 

evidently more truly marine, and the transition to Purbeokian 

seems to be due to a continued restriction of the Portland sea, 

and a consequent raising of salinity and probably temperature. 

The regional aspects of this are discussed below (p. ).

(c) Petrology of the Nodular Limestones 

(1) Petrography. -
In outcrop this type is similar to the Qrtonella limestone,

also occurring near the base of the Hard Cap, with beds of from

0.5 - 0.75 m. Brown when fresh, weathering to a poroellanous 

white or grey, the nodules differ from the matrix in being more 

resistant to erosion, and consequently stand in relief with a 

characteristic knobbly appearance. They vary from pieces of 

39-lOQyu. f up to lumps 4-5 cm. in diameter. V e r y irregular 

in shape they are unlike the Ortone11a nodules whioh generally 

have a smooth outline.

The nodular limestones are usually associated with a more 

abundant fauna than the Ortone 11a limestone, chiefly of



ostracods, but in addition gastropods such as Hydrobia. and,

more rarely, broken pelecyped shells. The fauna is found in 

thin bands between layers of nodules, though ostraooda may 

occur throughout the rook.

The nodules consist of translucent, orypto-crystalllne 

or finely aoioular oaloite, light to dark yellow in colour.

This colour is characteristic. It is retained on acetate 

peels and would 3eem to be due to very fine disseminated 

organic matter, the intensity of colour depending upon the 

concentration of the organic material, A few nodules have well 

developed fibrous rims similar to those described above (p. 3° 

but more usually they are botryoidal (fig. ?3). The botryoidal 

exteriors develop from spherulitas. These average 200 dia

meter and develop around variously sized oaloite-mudstone cores 

The ealoite of the spherulites is aoioular, with needles about

1 - 2  p- wide and 25-30^ long. Elsewhere, in non-spherulitio 

patches, crystal size is 1 . 5  ji or lens, and frequently oannot 

be resolved even with the help of acetate peels.

An important feature is possible syneresis cracks which 

occur throughout the nodules. These are mostly microscopic,

30—1 0 0 H  long, but may reach 1 - 1 j mm, length and 20 f*- width. 

These larger o r a c ■s are often filled with oaloite-mudstone.

Replacement by sllioa is more oommon than in Ortonella 

limestones, as much as 5$ by volume of quartz being present 

in some beds. The frequent development of euhedral quartz
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crystals aaned with carbonate-mudstone shows that the silica 

replaced the calcite.

The matrix of this type of rock is more often of calcite- 

roudstone, either as layers or pellets, than in the Qrtonella 

limestone. Here again, however, inter-nodular spaces are 

large and often filled with coarsely crystalline calcite 

(fig. 28). This is typically druay (Bathurst 19;8, pp. 14-20), 

the crystals may contain mudstone inclusions, but no borings 

are present.

The calcite-mudatone is sometimes grey but is more usually 

brown. It often contains abundant oatracod shells and their 

fragments. Grains are from 2-4 yK diameter, noticeably smaller 

than in the Ortonella limestone, and are mostly equi-dimensional 

with apparently planar boundaries. The mudstone sometimes 

formed a thin coat on nodules before spar cementation occurred.

The fauna could account for the form of aggregation of the mud, 

either by producing faecal pellets, or by the breaking up of 

serai-consolidated mudstone layers. The pellets vary from 50- 

150 yU. diameter. Gome have a length diameter ratio of 2 or 3:1. 

All are rounded and some are spherical, though these may be trans

verse sections of rods.

(ii) Origin. -

The light to dark-yellow calcite of these nodular lime

stones shows a number of features that have bearing on its
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possible origin. They are* the apherulitio and botryoidal 

a'true tare a , the colour due to probable organic matter, the 

fragmental appearance of many pieces, the large oaloite-filled 

cavities or vugs, and particularly the possible syneresis 

cracks. These criteria strongly suggest formation by the 

crystallisation of an organic gel. One of the characteristics 

of such orystallisation is uuto-brecoiation and the expulsion 

of water (Lindgren, 1923); this would account for the irregular 

shape and fragmental appearanoe of the nodules. The cryst

allisation of the gel took place around small oalcite-mudstone 

nuclei which may have been enclosed by the gel during its 

formation, or were simply centres of crystallisation within 

the gel.

The association of these beds with the Ortonella and 

Girvane11a limestones at the base of the Purbeok and the 

occasional presence within Ortonella nodules of small areas of 

yellow calcite (p. 3o ), suggests that the gel was produced by 

algal activity. Thin sections of these rocks closely resemble 

lgal structures at dearies Lake (Scholl, I960, pp. 420-4-21, 

figs. 4 and 6 ), which were formed by unioellular algae. There, 

however, it is not suggested that any gel stage was present 

though botryoidal structure is oommon. Thomas and Glaister 

(I9 6 0) describe struotures in limestones from the Missisaippian
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of Saskatchewan produced by blue-green algae, and U l u s  trate 

i section (Plate Ic, p. 575) that is almost Identical with 

some of the Purbeck nodular limestones. They suggest that 

oalcium carbonate is precipitated as a colloidal gel encrusting 

leaves and stems of plants, and that crystallisation produces 

a crypto-grained limestone with syneresis cracks and vugs.

These Purbeck beds too, were perhaps formed by the 

development of algal gels up to a few oentimetres thick, and 

of limited areal extent, in an environment similar to that of 

Ortone11a limestones, but with perhaps a more abundant fauna 

(p. 3 5 ). The gel3 alternated or were associated with thin 

layers of calcite-mudatone and upon crystallisation, auto- 

brecoiation and the expulsion of water sufficed to mix shells, 

3hell fragments and mudstone with the pie oes of crystallised 

gel.

The oalcite-mudstone associated with these limestones is 

more usually brown than grey, and is finer grained (2-4 ^. ) than 

that present in the Ortonella limestones. Its common occurrence 

in small ellipsoidal pellets suggests faeoal pelleting, and this 

may correlate with the observed increase in fauna. During the 

passage of a oalcite silt or mud through the gut of a mud 

ingesting animal, any change is likely to be towards a reduotion 

in grain sire of the oaloite and, perhaps, to the dispersal of
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unassimilrted organic matter in a very fine or even colloidal 

form throughout the excreted pellet. This mudstone may there

fore originate as an algal dust, as in Ortonella limestones, 

but have its grain size reduced and colour altered by the 

action of invertebrates.

(d) Petrology of the Stromatolitic Limestones 

(i ) Petrography. -

The term stromatolite is used to describe laminated but 

otherwise structureless masses and beds. They are believed to 

have been formed by the action of lime-secreting and perhaps 

filamentous algae. Although organic in origin, they are not 

themselves organisms or parts of organisms, but represent, when 

best preserveJ, the oasts produced by algae preoipitating calcium 

carbonate about their thalli (Cloud 1942).

In the Purbeck, two types of stromatolite are recognised, 

Spongiostromata type, and Sven-laminated typ*.

1 . Spongiostromata type -

This is the most abundant rook type of the Hard Cap, though 

it is present also in the Soft Cap. It occurs in beds of from 

0 .9  - 3 .0  m. with rapid lateral variations (figs. 5-7, 29).

Fresh or weathered, it is usually light grey or cream, but may 

be light brown. It sometimes has a conohoidal fracture, but
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3mall (J-l cm.) spongiostromata heads fre ¡uently stand in 

reliei' on weathered surf aces (fig. 30). There are two distinct 

forma of spon giostromata. Firstly, thoae built up in place and 

producing distinct layers ,-10 cm. thick that can be traced 

laterally for 15-20 m., and sometimes, as at Worbarrow, formed 

reef like masses ¿-1- :n. diameter (fi “. 5); and secondly, those 

that formed individual nodules ¿-2 era. diameter around a rolling 

or fixed nucleus.

Spongiostromuta is a family erected by Pia (1927) to cover 

a large number of fossil algal forms showing little or no micro- 
structure, but which develop colonies of constant shape. Moat 

are artificial form-genera probably reduced by several species 

or genera of ulgre in close association. Numerous form-genera 

have been described (e.g. Anderson, 1950). externally the 

Purbeck forma reserble Ottonosia Twenhofel, and Pyi.-p no stroma 
Gurich, but they generally lack the internal structure 

associated with those and it i3 best, therefore, to refer all 

the Purbeck material to the general form "Sponglostroma”.

Typical growth form of the first type is illustrated by 

figures 11 and 31. The nodules, or heads, vary from |-3 cm. 

diameter, and in this type they coalesce into shsets or small 

reef like masses (figs, 5-7, 30). The heads consist of laminae 

1-2 mm. thick built convex upward fro a small nucleus, 

successive laminae almost enclosing the previous ones. This



Fig. 29. ~ G t r o m a t o l i t i c  l i m e s t o n e  s h o w i n g  the irreguiiir w e a t h e r e d  a p p e arance, 
a n d  the r a p i d  l a t e r a l  c h a n g e s  in  thickness.

L o w e r  Purbeck. n u l w o r t h  Gove.
Basal Beds.

Fig. 30. - Th i n  atrornatolitic l a y e r  with c h a r a c t e r i s t i c  n o d u l a r  a p p e a r a n c e  due 
to the araiii a l g a l  ’h e ads'. O v e r l a i n  and u n d e r l a i n  by d e t r i t a l  
l i m e s t o n e s .  T h i c k n e s s  of  l a y e r  is a b o u t  '} era.

L o w e r  Fur'occK. M u p e  hay.
B a s a l  Beds.





Fig. il. - D i a g r a m  of al, al  g r o w t h  forms s e e n  in sm-.ll n o d u l e s ,  p r o d u c e d  by 
s t r o o a t o l i t i c  algae.
N a t u r a l  size, oee a l s o  Fig. 11.
L ower Purbeck. Mupe Bay.
B a s a l  Beds.

Fig. id. - P h o t o m i c r o g r a p h  o f  l o o s e l y  p a c k e d  m i c r i t e  p e l l e t s  s h o w i n g  faint
l a m i n a t i o n ,  in a g r a n u l a r  c a l c i t e  cement. T h e s e  a r e  t h o u g h t  to be 
a l g a l  b o u n d  a c c u m u l â t  to. a of  pellets, s hell f r a g m e n t s  a n d  silt or 
m u d  g r a d e  calcite.
L o w e r  Purbe c k .  M u p e  Bay.
B a s a l  Beds.

Fig. ii. - As Fig. in. but illustration c o a r s e  p a t c h e s  of  c a i c i t e  cement. Many 
p e l l e t s  a p p e a r  to 'float* in these p a t c h e s  though m o s t  are p r o b a b l y  
in three d i m e n s i o n a l  contact, but it is t h o u g h t  that in ma n y  c a s e s  
this c o u r s e  c a x c i t e  is  a r e p l a c e m e n t  of an o r i g i n a l  a n h y d r i t e  cement.

J
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results in the formation of a roughly concentric nodule. In 

thin section the laminations are seen to consist of alternations 

of ill-sorted and loose i y packed calcite-mud stone pellets 

"j 0 -2 oO jk diameter, in t coarsely crystalline calcite cement 

( f i ’S. 3 2 , 3 3 ). There are also layers of clotted silt and • aud- 

■t ade oalcite (1 0- 2 fk ) in. 'which faint, spar-filled tubules, 

probably of algal origin, may rarely be made out.

The pellets consist of ud to fine silt-grade grains 

(1-5 jk ), roughly e-print in shape, with plane grain boundaries. 

They re grey in colour. Most are rounded though not spherical, 

but here and there are areas where the pellet boundaries are 

surprisin'.ly straight, and in the sides of them are numerous 

small, spar-filled, rectangular re-entrants. These are believed 

to be caused by replacement by anhydrite, subsequently replaoed 

by ouloite (p. ^  ). This calcite is typically drusy.

The .second tyije occurs as nodules and lumps g-2 cm. dia

meter, and formed around a small (200- 4 0 0 .̂ ), probably organic 

nucleus which, upon decay, left a cavity now filled by drusy 

c lcite. The nodules are opaque and consist of poorly laminated 

accumulations of*oalcite grains, usually 2yti or less in si e, 

but scattered throughout are small, translucent patches of 

granular cement with grains of from o-20 jx . This gives the 

nodules a clotted appearance (fig. 34). Here and there, too,



Fig. 3 ;t. - P h o t o m i c r o  r a p h  o f  an u l g a l  b u t t o n  that f o r m e d  a r o u n d  a s mall
n u c l e u s ,  n o w  fil l e d  by m i c r i t e  p e l l e t s  and c a l c i t e  cement. The 
b u t t o n  c o n s i s t s  of  a p o o r l y  l a m i n a t e d  a c c u m u l a t i o n  o f  ca l c i t e 
m u d  and silt gr a i  .s r e t a i n i n g ,  in  th i s  case, n o  d i r e c t  e v i d e n c e  
of  a l g a l  origin.

L o w e r  P u r b e c k .  L u l w o r t h  Cove.
B a s a l  Beds.

Fig. 35» “ Colucuxar shape o f  s mall a l g a l  'heads' that g r e w  in place. They 
art formed of a l t e r n a t i o n s  of c a l c i t e - m u d u t o n e ,  c a l c i t e  s i l t -  
c tcne and s m a l l  m i c r i t e  pellets.
N e g a t i v e  print o f  an  a c e t a t e  peel, m a g n i f i c a t i o n  ¿x.

M u p e  Bey.L o w e r  P u r b e c k  
B a s a l  Beds.
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rounded oaloite mudstone pellets up to 1 0 0 diameter are 

present within the clotted material. In rare cases poorly- 

defined apar-filled tubes 50 yM, or so in diameter can be seen 

within the finer grained groundmas3, but this is uncommon.

It do0 3 , however, strongly- point to algae as the originators 

of the structures. They were perhaps non-oalcareou3 forma 

that trapped suspended carbonate grains, and sometimes pellets, 

on a mucilaginous surfaoe. It has been noted that such algae 

preferentially trap finer grained sediment (Black 1933) and 

this appears to have been the oase here.

Gome nodules are symmetrical suggesting that they are 

formed around an unattached nuoleus that rolled about and 

allowed growth to take place in all directions. Others appear 

to have been fixed and have built short (2 cm.) columns (fig. 

35).

The nodules are in a matrix of oaloite-mud stone pellets 

and granular cement. The micrite pellets (Folk, 1959) are 50- 

140 ̂  diameter, light grey in colour, are round and frequently 

appear spherical. They are formed of oaloite grains of the same 

size as the olotted Spongiostroma layers and this lends support 

to the view that these layers were formed by the trapping of

grains. The cause of pelleting is not olear* A few have a thin
*

superficial oolitic coat indicating movement in an environment 

saturated with CaCO^, and it is possible that they were produced
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by aggregation of discrete grains in a manner similar to that 

described by Illing (1954). A faecal origin seems unlikely 

because of the similarity of habit of the oalcite grains in 

the pellets and in the Spongiostroma (p.^/ ) and, though leas

convincingly, because of the almost complete lack of fauna in 

these sediments. A few ostracod valves and fragments are all 

that is present.

2. Evenly-laminated type -

These are rare, occurring in places just below, or at a 

short distanoe above, the main Dirt Bed (fig. 36). They are 

formed of 2-5 mm. thick layers of millimeter laminated calcite- 

raudstone, alternating with 5 - 1 0  mm. layers of dense to porous 

Spongioatroma type limestone. The slight relief developed on 

the top surface of these Spongiostroma layers is eliminated 

within the ib xt oaloite-mudstone layer.

The mudstone layers are grey, but with a brown tinge.

Some laminae are of a uniform structureless oaleite-mudstone; 

others have a very finely d o t t e d  texture. These both alternate 

with laminae composed of irregularly shaped oaloite-mudatone 

pellets and fragments, up to 5 0 yO. diameter, set in a patchy, 

granular oalcite cement. The cement patches are of very 

irregular shape, and some may be replacements after gypsum.

The Spongiostroma layers oontaln small lumps and nodules 

1 - 2  mm. diameter composed of clotted, unlaminated oaloite- 

mudstone. In addition, abundant well-formed oalcite pseudomorphs



Fig. 36. - Fven-laminvted stromatolite (behind the hammer) just above the main 
Dirt Hea. Here it is overlain by porous, weathered saccharoidul 
limestone.
L o w e r  Purbeck. F o s s i l  Forest.
B a s a l  Beds.

Fig. 37« ~ P h o t o m i c r o g r a p h  s h o w i n g  a  t y p i c u l  a p p e a r a n c e  o f  c a l c i t e  p s e u d o -
a o r p h s  a f t e r  gypsum. The r h o o b o i d a l  s h a p e  is c h a r a c t e r i s t i c ,  and 
m a n y  are fill e d  by a s i n g l e  c o l c i t e  crystal. The m a t r i x  is 
aicrite.

L o w e r  P u r b e c K  
B a s a l  Beds.

P o x w e l l





-45-

after gypsum are present (fig. 3 7 ), their leaching out pro

ducing the porosity in outcrop.

In places, the caloite-mud atone layers are traversed by 

thin, downward narrowing, spar-filled cracks probably caused 

by defalcation. This, the gypsum pseudoraorphs, and the close 

association with the sub-aerial dirt bed, indicates very shallow 

water conditions and occasional emergence during the formation 

of these bed3 . Except for the gypsum pseudomorphs they are 

similar to the beds described, for example, by Ginsberg and 

lowenstam (1 9 5 8 ), which are formed by mats of miorosoopio 

blue-green algae (see below),

(ii) -
In discussing the origin of stromatolites, most authors 

have concluded that they are algal structures formed in shallow 

waters, with depth of penetration of light as the most important 

factor controlling their growth. Modern stromatolites are 

usually found only above low-water mark (Blaok 1933, Ginsberg 

1 9 5 5 ), where they are formed by the action of blue-green and 

green algae. The blue-green algae described by Blaok on Andros 

Island in the Bahamas are filamentous types that permeate and 

bind calcareous sediment, but do not themselves precipitate 

calcium carbonate. During periods of non-deposition, thin 

algal mats are formed which are in turn covered by more sediment. 

Continued repetition of this prooesa results in the formation of
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a laminated deposit the appearance of which depends largely ,on 

such factors as periods of dessioation and of flooding. Black 

illustrated 4 types of deposit (A - D) characteristic of various 

environments. Similar structures have been described from 

Florida (Ginsberg and Lowenstam, 1953), where they occur in 

association with small, unattached, spherical bodies resembling 

Ottonosia.

Stromatolites are not exclusively marine and may form under 

wide ranges of salinity. Fresh-water types have been described 

by Clark (1900), Bradley (1929) and others. Russell (1885) 

described and illustrated several varieties of calcareous tufa 

that formed in variable salinities along the shore of the pre- 

glaoial Lake Lahontan in Nevada. His work was developed by 

Jones (1 9 2 5) who showed, by comparison with modern deposits in 

the remnants of this lake, that most of these tufa.3 are of algal 

origin.

While some algae produce stromatolites by binding sediment 

together, others form structures by precipitating oaloium 

carbonate around their stems, either as a loose precipitate 

adhering to the mucilaginous algal sheathes, or as a hard stony 

incrustation around the colony (Jones 1925)* This type may 

retain some micro-structure in fossil forms, but the oommonly 

porous nature of the deposit render it susceptible to diagenetio 

changes, and only in favourable oiroumotanoea oar* algal filaments 

be seen*
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Reaak (1957) presents a good discussion of the origin 

of stromatolites, and gives a table (pp, 145-146) listing 

the environments in whioh the various structural types are 

likely to have been formed.

More recently Ginsberg (I960) has compared ancient forms 

with the modern stromatolites of Florida and the Bahamas, He 

considers stromatolites described by Black (1933) to be charac

teristic of mud flats periodically flooded and exposed, Ginsberg 

describes unattached stromatolites, the onkolites of Pia (1 9 2 7)t 

forming in marine environments. Previous descriptions of this 

type of modern stromatolite have only been of fresh or brackish 

water forms.

These modern onkolites closely resemble ancient forms such 

as Pynonoatroma and Ottonoala. and consist of laminations around 

a nucleus. They may develop on a fixed protuberanoe and build 

up small hemi-spherioal masses, but they are more often broken 

off by scavengers or by wave notion and continue growth sym

metrically to form a rounded nodule.

Many onkolites have internal cavities whioh are commonly 

tubular in shape and are made by boring polyohaetes, while 

central cores may often be almost completely destroyed by boring 

and burrowing animals. Frequently the algal bound laminations 

have been converted to loose faeoal pellets and have been removed. 

Originally some laminae were composed of particulate sediment of 

sand ai£,e, others of finer grade.
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The Purbeok stromatolitio limestones previously described 

can be compared with many modern and fossil forms. In 

particular, they closely resemble both the photographs and des

cription of calcareous tufas of Lake Lahontan (Russell 1 8 8 5 ) .  

These are porous laminated deposits formed in the beach zone 

of a warm, shallow saline lake, where they were subject to 

fluctuating lake level and to wave action. More compact, 

laminated tufas developed in shallow water on the lake floor. 

They were produced by both oarbonate precipitating and sediment- 

binding algae, with only minor amounts of physico-chemical 

precipitates.

Continued restriction of the basal Purbeck Ortone11a 

lagoon would lead to an inorease in salinity, and perhaps of 

temperature, sufficient to inhibit the growth of Codiacean 

algae. Green and blue-green algae on the other hand would 

still be able to grow and become the dominant rock builders in 

producing the stromatolitic limestones. The rapid lateral 

variations, and the irregular distribution of these beds, re

flects looal changes in environment, such as depth of water, 

wave activity, and, perhaps, variations in salinity.

Individual Spongioatroma balls were formed in shallow 

agitated waters, while the porous Spongiostroma sheets and reefs 

developed in areas that were sometimes above water level, but 

kept wet by wave action. Wave action, too, helped produce some
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of the material for the detrital limestones. Even-laminated 

stromatolites were formed by sediment-binding algae in places 

near or above sea level and subject to frequent innundation. 

This generally prevented complete drying out of the layers and 

preserved the laminated appearance.

(e) Petrology of the Detrital limestones 

(i ) Petrography. -

These are laminated and generally evenly bedded limestones 

of variable character and thloknesa. Most abundant are well 

bedded pelsparites (Polk, 1 9 5 9 )» that grade in plaoes to 

pelmierite. The beds are of from 3-30 om. thickness, generally 

horizontally laminated except where the sediment has accumulated 

between 3pon&iostroina heads, where concave lamination is common 

(fig. 38). The rocks are compos ed of micrite pellets and lumps, 

round and often apparently spherical when less than 1 0 0 fA 

diameter, but the larger lumps, up to 500 /A size, are irregu

larly shaped (fig. 39). The pellets and lumps are light grey 

in thin section and are formed of aggregates of calotte grains 

of from 4-8 fA diameter, only rarely smaller. The grains are 

mostly equant and appear to have plane boundaries. The pellets 

are well sorted along Individual layers, but show considerable 

vertical variation. Their packing determines the nature of the 

oalcite oement which varies from fine to coarsely crystalline



Fig. 36. - Concave lamination of detrital limestones infilling a gap between 
spongiostromatolitic algal nodules. Length of section, 1.5 cm.
Lower Purbeck. Fossil Forest.
Basal Beds.

Fig. 39* - Photomicrograph of a detrital limestone. It consists of micrite 
pellets and lumps with some superficial oolites and rare shell 
fragments, set in a granular calcite cement. There is acme evidence 
for the micrite cores of oolites having been replaced, first by an
hydrite and then by granular calcite (see Fig. *il.).
Lower Purbeck. «orbarrow Bay.
Basal Beds.
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(10-100 yu ). In places a micrite matrix is present, probably 

where winnowing w s insufficient to remove algal mud. The 

micrite areas are composed of grains which are similar in 

sice and shape to those forming the pellets and lumps; these 

areas sometimes oo ntain small p3eudomorphs after gypsum.

Most of the micrite lumps show little or no internal 

structure, but in places it is possible to follow a lateral 

graduation from amorphouscarbonate lumps, through lumps with 

vague struoture, to pieces of distinot Spongioatroma limestone, 

and, particularly at Worbarrow these beds oan be followed until 

they merge into a Spongiostroma reef (fig. 21). It is evident 

that the pelsparite3 are contemporaneous with algal beds, and 

are mostly derived from them. The variation in shape and loss 

of internal structures is dependent upon the amount of transport 

and abrasion.

In the Lulworth area the top of the Hard Cap consists of a 

oross-bedded limestone that infills an irregular surface of 

spongiostromata beds, Thiokneas is variable over even short 

distanoes but is a maximum of 1.5 m. (fig. 22)# The bed con

sists of oro33-strata (MoKee and Weir, 1952) 5-10 ora, thiok, 

with dip very variable in both direction and amount. Most of 

the rook consists of micrite pellets and lumps of 200-500 j*- 

3iae, rounded and often quite spherical. In addition, and 

distinguishing it from the other pel3parites, the bed oontains
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an abundance of often spherical to ellipsoidal calcite grains 

of from 7 -500 diameter, many of which are optically single 

crystals (fig. 40). Some have a more irregular 3hape similar 

to ex-foliated ooliths (Cayeux, 1935, Plate 14); others, though 

mostly consisting of one clear caloite crystal, also contain 

small inclusions of micrite; while a few contain small marginal 

crystals characteristic of drusy growth.

In places there are small patched 8-10 mm. long, 1-2 mm. 

wide consisting of large (500 x 800 fJ- ) inclusion-filled oaloite 

crystals. These are light yellow in polarised light and resemble 

selenitic gypsum crystals in shape (Ogniben, 1957). The in

clusions are of micrite. These crystals may have replaoed 

gypsum (p. 5 ©  ).

Detrital limestones are abundant only towards the top of 

the Hard Cap, though present between algal heads in the lower 

part. They were probably produced by the destruction of algal 

beds and from oaloite mud produced by algae. Their increased 

importance at the top of the Hard Cap seems to reflect a 

shallowing of the water and the increased effect of wave action 

and, partly, sub-aerial erosion of pre-existing limestones.

(ii) Origin. -

For the reasons given above most of these limestones are 

believed to be derived from the erosion and break up of 

spongiostromata limestones. Agitation by waves or currents is



Fig. +̂0. - Photomicrograph of round, often almost spherical calcite grains, many 
of which are optically single crystals, in a micrite matrix. A few 
show irregular shape similar to exfoliated oollths.
Lower Purbeck. Lulworth Cove.
Basal Beds*

Fig. 41, - Diagram to illustrate 3tagec in the replacement of the micrite nucleus 
of an oolite. Initially the uicrite was replaced by anhydrite or 
gypsum, and this in turn was replaced by druay calcite after the sul
phate had been leached away. The end result of this process is a 
superficial oolite with a nucleus consisting (apparently) of a singl« 
calcite crystal.
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shown by the rare x^esence of ooliths, meetly superficial.

The nuclei of these vary from single calcite crystals to 

spherical micrite pellets with every gradation between. Exam

ination reveals that these calcite crystals seem in fact to be 

replacements of anhydrite that had in turn replaced a micrite 

core. Many stages of replacement can be seen (figs. 39» 41).

This process was carried to completion in the cross-bedded 

strata between Lulworth Cove and Mupe Bqy (p. )• Here, the

entire oolite has been replaced by calcite crystals, and only 

rarely is any oolitic rim preserved. Piotures of this type of 

rock and a discussion of its origin are given by Cayeux (1935» 

pp. 229-232, Plate 14, fig. 53)» who concluded that the 

spherical-ellipsoidal oalcite grains were formed by the alter

ation of ooliths. An earlier replacement by anhydrite suggests 

a possible mechanism for this.

(f) Petrology of the Bituminous Shales 

(i ) Petrography. -

From west to east the basal Purbeck limestones become 

darker in colour, and thin laminations of black oalcareous shale 

appear within them, especially near the base of the Hard Cap, 

until at Durlston Bay finely laminated layers of black, brittle 

oaloareoua shale are 2-3 cm. in thickness. In thin section 

these show light yellow laminae 6-10 d. thick, alternating with
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dark brown laminae of 15-20 yh. thickness* The colour change 

is due to an Increase in the carbonate content In the lighter 

layers, shown by increased intensity of stain with Alizarine 

Red* The total carbonate content averages 4S$ ( 3 determin

ations), the remainder being mostly organic naterial readily 

oxidised in Schultz solution, and leaving a residue of fine 

quartz silt and brown mud. Some of the oarbonate is ostraood 

shells. These are flattened and lie parallel to the lamination. 

Small carbonaceous plant and insect fragments are present, and 

interstitial yellow-brown oollophane sometimes common. More 

often, however, this is in the form of small bone fragments. 

Powdered and heated these shales yield small quantities of 

brown, oily distillate, readily soluble in organic solvents 

suoh as acetone and xylol.

In the more calcareous layers there ia evidence of re

placement of gypsum. Small patches (up to ■£■ mm. square) of 

ooarsely crystalline oalcite spar ooour whioh oo ntain inclusions 

of the shale. In rare oase3 the oore3 of the oalcite crystals 

oontain reliot patohe3 of gypsum.

Quantitatively the shales are of minor importance, but are 
interesting for environmental interpretation.

(ii) Origin. -

Ho bituminous shales are present in the west of Lulworth 

Oove, and their increase eastwards can be correlated with a 

deorease in the thlokness of the Hard Cap.
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The environment of formation of the Hard Cap limestones, 

as deduced on previous pages, examined in relation to the 

basal Purbeck deposits of the Isle of Wight and similar areas 

to the east of Durlston Bay, provides an explanation for the 

origin of these shales.

During basal Purbeck time the Dorset and Hampshire area 

appears to have been a part of a shallow evaporite lagoon, in 

or near the centre of which anhydrite deposits were forming.

Near the border of this lagcon in Dorset salinities were such 

as to allow algal growth and here the calcareous tufas were 
formed. This may have been due to the influence of a stream 

entering the area from the 3.V., evidence for which is pre

sented later (p. 97 ). Plankton, insect larvae and such like

entering the area would encounter increasingly saline con

ditions from west to east, eventually sufficient to kill all 

but the moot tolerant forms. With the decrease in the amount 

of carbonate deposition, the accumulation of organic material 

becomes more noticeable. The saline environment may also have 

encouraged anaerobic conditions, thus leading to the preservation 

of the organic compounds responsible for the bituminous nature 

of the shales.

(g) Petrology of the Saooharoidal limestones

(i) Petrography.
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These are very characteristic in the field and are con

fined to the Soft Cap (fig. 26). At Lulworth they are 15 cm. 

thick and thicken eastwards to about 3 m. at Durlston Bay where 

they are partly involved in the Broken Beds. They consist of 

rim-cemented oalcite crystals 50-200 /a diameter, interlaminated 

with whisps of pellety miorite or single miorite pellets, and 

some paper thin partings of black shale. Most of the micrite 

pellets are floating and must therefore have accumulated as 

detrital groins with the oalcite crystals. Many of the crystals 

contain rod shaped, inclusion rich cores, which are roughly 

parallel to the lamination (fig. 42).

(ii) Origin. -

These crystalline limestones are unlike any other rook 

found in the Purbeck. There seems little doubt that they were 

detrital; this Í3 shown by the lamination and floating pellets.

At Durlston Bay the beds contain small amounts of oelestine 

(v/est, I960), a mineral commonly associated with gypsum 

(Murdook and Webb, 1940), and the progressive eastward thickening 

of these beds in a direction of increasing anhydrite deposition, 

supports a view that this limestone is connected with evaporitio 

conditions,

No comparable type has been found described in the lit

erature, but C. Pendexter (personal communication) reports 

similar limestones as being associated with evaporites in parts



Fig. *t2. - Photomicrograph of saccharoidal limestone. Him cemented calcite
crystals with rod-shaped inclusion rich cores which are roughly 
parallel to the lamination in the hand specimen.
Lower Purbeck. Durleton Bay.
Basal Beds.

Fig. 3̂. - Photomicrograph of replacement texture. The dark grey areas are 
micrite pelleta and lumps. The light grey and white patches are 
anhydritet all one single optical crystal. This anhydrite has 
replaced much of the micrite and original calcite cement. Note 
the development of rectangular sides to the pellets» and the ap
parently 'floating' appearance of some of the small fragments. 
Compare with figure 33»
Lower Purbeck Arreton borehole
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of the U.S.A, A tendency for oalcite in association with 

gypsum to be of a coarse grain size has al3o been notioed 

in the Broken Bed3 (p. (<• ), Using the criteria given below 

(p. 57 ) there is, too,evidence of anhydrite replacement 

having taken place in some of the inter-laminated miorite 

layers,

(h) Diagenesis

(i) Hep lapernent textures. -

Several textures in the Basal Beds are believed to be 

formed by the replacement of oalcite by anhydrite. Most

apparent are the rectangular re-entrants and straight sided 

micrite pellets (p.4l ), similar examples of which have been

described by Murray (i9 6 0, pp, 79-30). A better comparison here 

is with Purbeok material from the Arreton borehole, in the Isle 

of Wight. In this, the original sediment consisted of micrite 

pellets and shell fragments (mostly ostracode) in a granular 

c&leite cement. In places the cement, shell fragments and 

much of the micrite has b en replaced by anhydrite (fig. 43)« 

Such anhydrite patch is one optically continuous crystal up 

to 5-6 mm, long and ?-5 mra. wide, but when in extinction it 

is seen that, although the ooloite of the miorite pellets has 

been replaced, small non-carbonate specks, possibly micas, are
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unaffected and their polarisation oolours indicate the 

original extent of the pellet. This is shown too in ordinary 

light by a faint yellow colour in the anhydrite that has re

placed miorite or shell fragments, contrasted to colourless 

anhydrite replacing granular cement.

The replacement anhydrite attempts to develop its crystal 

form and is controlled by the three cleavages at right angles. 

This results in straight sided crystals and in the formation 

of the rectangular re-entrants in the sides of micrite pellets 

(fig, 43). Sometimes the crystal shape is oontroiled by the 

fabric of the rock element being replaced, particularly by 

shell fragments, and rectangular outlines do not develop.

Were this anhydrite in turn to be replaced by oalaite, 

the resultant texture would closely resemble that seen in 

places in the Hard Cap (fig. 33)» and it is proposed that this 

has occurred. During such replacement the anhydrite would first 

probably hydrate to gypsum and this process may have destroyed 

some of the texture. Subsequently, the gyp3um was leaohed away 

and replaced by druay oaloite. During this prooess the non- 

carbonate inclusions wuld, for the moat part, be carried away 

in suspension and redistributed. This removal of gypsum may 

be the cause of the collapse structures seen in the Hard Cap

(p .^ 6  ).
In only one oase has ¿lypsum befin found still present as a
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cement In the Basal Beds. This is on the Isle of Portland 

in a bed known by the quarrying term of "slat". Two specimens 

of this bed hive been examined. One, from a quarry, has a 

dominantly gypsum ce >ent (fig. 44)• In the other, from the 

cliff outcrop, this gypsum has been replaoed by calcite 

(fig. 45).

The gypsum crystals vary in size up to 500-600 length. 

Many show one good cleavage. They nave replaced micrite, shell 

fragments and calcite cement, but reotangular shapes are not 

common. There is, however, a tendency for the gypsum crystals 

to be rimmed by thin films of miorite, and for the distinctive 

rhomboid crystal form to develop (fig, 45),

In the outcrop specimen this crystal form is readily 

recognised, now composed of oaloite crystals. Areas containing 

whisps of dispersed micrite show where oalcite has replaoed 

miorite rimmeJ gypsum, but there is little evidence from 

rectangular shapes that gypsum was onoe present. Similar 

coarse mosaics of caloite with whispy micrite inclusions occur 

in the cross-bedded Hard Cap at Lulworth Cove (p. 5° )f and, 

by comparison with the beds on Portland, it is reasonable to 

assume that these patches too are replacements after gypsum, 

(ii) Silicification. -

This is of minor importance in the Basal Beds. A little



Fig. kk, - Photomicrograph of ’slat’. Micrite pellets and lumps, here with a 
dominantly gypauia cement which has partly replaced the nicrite and 
has partly developed a typical rhomboiaol shape.
Lower PurbeoK. Isle of Portland.
Basal Beds.

Fig. - ’Slat' as in fig. M*. Here, however, the gypsum cement has been re
placed by calcite. The rhomboidal shape is still evident.

Fig. U6, - To the left of the hammer the middle layer is a porous, tufaceous 
limestone which passes laterally at the hammer into bedded chert, 
evidentally a replacement of the limestone.
Lower Purbeck 
Basal Bede.

Fossil Forest
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chert is present in pla oes at the base of the Soft Cap 

(p. 27 ), but otherwise silicification is oonfined to 

small (I-? cm.) chert lentioies, or to microscopic patches.

In all cases the silica can be clearly seen to have replaced 

carbonate. This is shown in thin section by the development 

of euhedral quarts crystals, and in outcrop by the lateral 

transition of bedded chert into porous tufaoeous algal lime

stone (fig. 46)* The tree remains in the Dirt Bed are 

invariably silicified with their organic structure preserved. 

This indicates that silicification took place very soon after 

the death of the tree, otherwise decay of the tissue would 

have occurred and the structure been lost.
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IV. B R O K E N  B E D S

(a) General Description

To the east of Durdle Door the Broken Beds form a 

distinct lithological unit, a 3tudy of whioh is complicated 

by the brecciation. vest of Durdle Door the beds are unbreo- 

ciated, but, except on the Iale of Portland, exposures are 

poor. In many of the brecciated sections the beds oonsist of 

a jumble of limestone blocks in complete disorder (figs. 47*

48, 49)* In some places, however, where brecciation is less 

intense, it is possible to sample the beds in an approximately 

stratigraphic sequence. Inevitably this sampling is biased, as 

only the more competent beds, the limestones, yield satis

factory specimens* Any shales or mudstones originally present 

were squeezed out during the brecciation, or are highly 

weathered. Comparison with the unbreooiated beds on Portland 

indicates that such beds are likely to have been quantitatively 

small, but their original presence oannot be ruled out.

The dominant field characteristic is the breooiation, 

the general appearance of whioh is well described by Arkell 

(1947, p* 298). The limestone blocks weather to a light grey 

or tan, sometimes with a white efflorescence. Uniform, 

laminated evenly-bedded units 2-5 cm. thiok are typical, but 

a few layers show small soale cross-bedding. These layers
,.y

are usually richer in detrital quarts than are the others.



Fig. 47. - Broken Beds. Shews the occasional preservation of thick units in 
an approximately stratigraphic order.
Lower P u r b s c k .  F o s s i l  Forest.
B r o k e n  Beds.

Fig. bd, - View of Mupe Hocks. Much brecciated at the base, overlain by un
broken Cypris Freestones and capped by brecciated Hard Cockle Beds.

Lower Purbeck. Mupe Bay.

Fig. 49. - Close up showing the jumbled nature of much of the Broken Beds.
Lower Purbeck. Lulworth Cove.
Broken Beds.
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Lamination ia due to variation in the sice of cal cite-
0 ^

mudstone pellets, which form the bulk of the limestones, 

but is only apparent on weathered surfaces. Other than 

ostracods, no fossils appear to be present, though 9ome 

layers are covered with black carbonaceous specks, possibly 

insect fragments. Blaok chert ooours here and there, usually 

towards the base, and is more common at Durdle Door and 

Lulworth than further east.

The top of the Broken Beds is irregular, higher horizons 

being affeoted by the breooiation in some places than in others. 

Prom Worbarrow to Lulworth however, there is a thin, very 

distinctive bed that can be taken to mark the top of the 

lithological unit, even though in places beds above it are 

brecciated. This bed is about 5 om. thiok and weathers to 

an orange-brown that is clearly defined in the grey-tan 

limestones. The bed contains about 25i° by weight of sand-size 

quartz grains, many of whioh have over-growths giving them eu- 

hedral shape. The rest of the bed is a soft caloite-mudstone 

with a very few ostracod shell fragments and blaok oarbonaoeous 

specks. It acted as a slip plane during the folding, and in 

places sliokenslides are still present on its surface, Its 

main importance, though, is stratigraphic in providing a 

correlateable marker at an important horizon. By using it 

as such it is possible to compare the petrography of the beds
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below from section to section and, over such a limited area, 

to be reasonably sure that we are comparing time equivalents.

(b) Petrology

(i ) Petrography. -

Throughout the Broken Beds the dominant sediment is 

calcite-mudstone in the form of pellets and lump3 set in a 

granular calcite cement (figs. 50, 51 52). In addition, algal 

mudstone fragments, superficial and true oolites are also 

p r e s e n t b u t  in minor amounts. Bioolastic material i3 sparse, 

usually consisting of thin ostraood valves and fragments and 

only rarely whole shells, Very rare foraminifera occur, and, 

except in the beds on the Isle of Portland, pelecypods and 

gastropods are absent. The reason for this faunal poverty 

i3 adduced below (p. 7 o ). Quarts of silt-sand grade is 

ubiquitous but seldom abundant. Interstitial oollophane is 

present in places, and calcite-pseudomorphs after gypsum are 

common in 3ome beds,

1, The Pellets, -

The caloite-mudstone pellets mostly appear light-medium 

grey in thin section, but some have a distinct golden-brown 

tinge, a feature that is more common in some beds higher in 

the Lower Purbeok (p, ? °  ) and that may have a significant
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oonnection with their moi e of origin or diagenesi3. The mud 

grains in the pellets are 3 ^  or less in size, boundaries 

appear to be mostly plane but some seem slightly curved.

The pellets are very homogeneous, only rarely showing a 

faintly clotted texture caused by the inclusion of small 

patches of the golden-brown mudstone. These patches are of 

very fine grain 3is,e, but sometimes show a radial extinction. 

Inclusions, such as shell fragments and quarts grains, are 

completely absent from the pellets (fig. 50).

Pellets are of sand size, varying from 70-250 

diameter, though usually well sorted in any particular bed, 

with the smaller pellets showing the better sorting. Though 

round there is none the less considerable diversity of shape 

with variation fro spherical to square and pentagonal. Many 

pellets appear as small rods with length-diameter ratio of 

about 2*1. These too would appear as spherical pellets if 

cut transversely and care must be taken to watch for any 

suggestion of orientation of rods with long axes lying more 

or less parallel to one another. This occurs in some of the 

Soft Cockle Beds (p. ) but doe3 not seem to be present in

these rooks.

Only rarely do pellets Interpenetrate one another, or do 

tw or more pellets merge their boundaries. When either of 

these occurs it is usually common throughout a particular layer



Fig. 50. - Photomicrograph of pellets and lumps with granular calcita cement.
A few ostracod fragments. Mote the absence of inclusions within 
the pellets.
Lower Purbeck. Worbarrow Bay.
Broken Beds.

Fig. 51* - Pellets and lumps with granular calcite cement. Most of the lumps 
are formed either by algae or by accretionary processes, as shown 
by the absence of truncated internal structures (see fig. 5 2).
Lower Purbeck. Lulworth Cove.
Broken Beds.

Fig. 52. - Pellets and intraclaots in granular calcite cement. Note par
ticularly the well-rounded intraclaat at the centra, containing 
oolites, some of which have been truncated at the margin of the 
fragment.
Lower Purbeck 
Broken Beds.

âtair Hole
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of 1-2 om. thickness.

2. The Lumps. -

The term lu p is used both in the sense of Illing (1954)» 

that is, masses formed by the aggregation of two or more 

pellets, and also includes fragments that may be intraolasts 

in the sense of Folk (1959)* Differentiation often depends 

upon the recognition of diagnostic structures within the 

lumps, and upon the relationship between the lump and the 

surrounding cement. In many cases, when internal structures 

are absent, there are no criteria, other than size and shape, 

to distinguish lumps from pellets, and the two overlap.

Many lumps of from 150-900 /-*- size do show faint struc

tures indicating a posslble algal origin, but true algal 

fragments with recognisable structures are rare. These are 

from £-2 mm, in diameter and the filaments within them are 

too ill-defined to permit identification, but comparison with 

better preserved material in beds above indioates refeience to 

Ortonella.

Most lumps, however, are built up of distinot pellets and 

oolites, with very rare shell fragments, cemented together by 

finely crystalline oaloite. Typical lumps are illustrated in 

figure 51, That most of these lumps are formed by accretionary 

processes is shown by the lack of truncation or erosion of the 

pellets and oolites at their margins. Had they formed by the
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ero3ion of previously deposited beds of pellets far more 

should show erosional edges. That this process did ocour is 

shown by the rare presence of just suoh eroded fragments 

(fig, 52), These are true intraclasts but their rarity 

indicates that pene-contemporaneous erosion wa3 not a major 

factor in lump formation.

3, The Cement. -

The cement shows many of the characteristics of granular 

cement as given by Bathurst (1958, pp. 19-20), The oalcite 

crystals are in mosaics with p^ane intergranular boundaries, 

and with grain size dejjendent upon the tightness of packing 

of the pallets. Around the pellets the cement forms a border 

of small grains, nucleated presumably upon the mud grains of 

the pellets. These small grains are overgrown by larger ones 

that oooupy the main inter-pellet spaces, and grains may reaoh 

200 f>~ in longest dimension, but this is unusual. Twinning 

in the crystals is rare and suoh as does occur can perhaps be 

asoribed to the grinding of the thin section.

Towards the top of the Broken Bed3 there is sometimes a 

variation in the fabric of the cement. This.is particularly 

so where pseudomorphs after gypsum occur. These pseudomorphs 

have the distinctive rhomboid shape of gypsum (fig. 37), but 

have usually been replaced by single crystals of oalcite, or 

sometimes by two crystals joined along the shorter diagonal of
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the rhomboids. They are set in a oaloite mosaic of Irregular 

grain size varying from 120 y- down to an average of 5-15^- , 

though in any one area grains are of fairly uniform size. The 

grains possess apparently plane boundaries. The mosaics 

separate pellet layers by as much as 1 mm., and contain 

isolated pellets that are not in three dimensional contact 

with one another; criteria that suggest a rim cemented detrital 

deposit, and perhaps indicate a tendency for carbonate to be 

precipitated as silt-3ize crystals rather than as mud under 

particular environmental conditions, as noted previously.

(p. s C  ).

4 *  The Accessories. -

The chief of these is quartz, which is ubiquitous but 

seldom abundant. A thin bed at Lulworth oontains by 

weight, with the quartz grains averaging 100 yU. size, but 

this is exceptional. The grains are usually of fine silt to 

sand size. They are angular, but show indications of some 

replacement by oalcite, so it would be unwise to draw con

clusions as to the amount of transport or abrasion they have 

undergone. Stable heavy minerals suoh as tourmaline and ziroon 

are associated with the quartz.

Here and there in the beds are small (50-100^ ) patches of 

light yellow to brown mineral. It is isotropic with a R.I.
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slightly le3s than that of oaloite o-ray (1.658), It is 

probably a form of oollophane, derived perhaps from bone 

fragments.

Unlike many of the Lower Purbeok rocks, the Broken Beds 

appear devoid of pyrite. This partly accounts for the light 

colour of the beds,

(ii) Origin of the carbonate-mudstone. -

Much of the calcite-mudstone forming the pellets and

lumps was originally a mechanically deposited mud. That

unpelleted mud was available is shown by two main criteria.

Firstly, the presence in some oases of floors of oalcite-

mudatone in whole ostraood shells; this mudstone, with an

essentially fiat topped surface, is overlain by drusy oalcite

and must have been introduced prior to the formation of this

druse, and of the cement, Seoondly, by the presence in some

oolitic ooats of small patches of mud-size oalcite grains, a

c r i t e r i o n  used b y  Wood ( 1 9 4 1 »  P* 1 9 4 )  t o  show th e  p re s e n c e  of

♦algal dust* in suspension during oolith formation. Here, the

d u s t  i s  n o t  n e c e s s a r y  a l g a l .  S e v e r a l  c o n c e i v a b le  modes o f

origin for such a mud may be considered. It could be:

A physico-chemical precipitate 
A purely biological preoipitate 
A combination of these two 
Formed by the oomminution of shell debris
Formed by erosion of pre-existing oaloite-mudstone

The Last of these is limited by the absence of possible
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source areas containing calcite-mudstone, and more particularly 

by the fact that erosion of such rocks would be likely to proceed 

by solution, and transportation of CaCO^ as solute. Ultimate 

precipitation would thus place the formation of the mud into 

the first category.

It is more difficult to decide to what extent the breaking 

up of shells contributed to the production of mud. The lack 

of fauna in the bed3 may suggest that shell debri3 was quan

titatively unimportant. On the other hand, the very lack of 

skeletal material may be due to its total disintegration. That 

shells can so disintegrate and produce mud sise particles was 

first noted by Sorby (1879 p, 70) and has been frequently 

commented upon since. It depends primarily upon the shell 

being aragonite. It seems unlikely that such complete dis

integration of shells could have occurred here, particularly 

as those layers where deposition was most rapid - shown by 

pellet merging - are also devoid of shell fragments, even 

though 3ome preservation might be expected in these oases. 

Although, therefore, some mud may be derived from shells, it 

is considered unlikely that the amount was great.

Biochemical precipitation of calcite (and aragonite) by 

animals is usually confined to the formation of a hard exo

skeleton, and consequently need not be considered here. Plants, 

however, especially some algae, often precipitate carbonate on or 

within their tissue. Examples of this have been discussed
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p r e v i o u s l y  ( p ,  ) .  U p o n  t h e  d e a t h  o f  th e  p l a n t  t h e  c a r b o n a t e

may be r e le a s e d  and a c t  aa a d e t r i t a l  d e p o s i t ,  o r ,  aa o f t e n  

h a p p e n s , s m a l l  fr a g m e n ts  a r e  p ro d u c e d  w h ic h  r e t a i n  some o u t l i n e  

o f  th e  p l a n t ’ s c e l l u l a r  s t r u c t u r e .  D u r i n g  th e  l i f e  o f  th e  

p l a n t  c a r b o n a t e  d e p o s i t i o n  may be so g r e a t  t h a t  fr a g m e n ts  

s lo u g h  o f f  t o  fo r m  a  m u d . T h i s  i s  w e l l  know n i n  t h e  c a s e  o f  

th e  3 t o n e w o r t 3 , b u t  c a n  a l s o  o o e u r i n  o t h e r  c la s s e s  (L o w e n a ta m , 

1 9 3 5 ) .

R e c o g n is a b le  a l g a l  fr a g m e n ts  a r e  p r e s e n t  i n  th e  B r o k e n  

B e d s th o u g h  th e  am ount i s  s m a l l ,  a maximum o f  2 - 4 $ *  and c o n 

s e q u e n t l y  i t  i s  l i k e l y  t h a t  some a t  l e a s t  o f  th e  mud i s  o f  

a l g a l  o r i g i n .  I t  i s  i m p o s s i b l e  a t  p r e s e n t  t o  3 a y  how much i s  

so d e r i v e d .

P h y s i o o - Q h e m l o a l  p r e c i p i t a t i o n  o f  c a lc iu m  c a r b o n a t e  i s  w a l l  

k n o w n , and h a s  b e e n  d e s c r i b e d  p a r t i c u l a r l y  fr o m  t h e  Baham as b y ,  

f o r  e x a m p le , D ra w  ( 1 9 1 4 ) ,  V a u g h a n  ( 1 9 1 3 ,  1 4 ) ,  B l a c k  ( 1 9 3 3 ) ,

I l l i n g  ( 1 9 5 4 ) ,  and N e w e l l  and R i g b y  ( 1 9 5 7 ) .  P r e c i p i t a t i o n  fr o m  

s o l u t i o n  i s  d e p e n d e n t o n  a num ber o f  v a r i a b l e s ,  th e  m o st 

i m p o r t a n t  o f  w h ic h  a r e ,  th e  d e g re e  o f  s a t u r a t i o n  w i t h  r e s p e c t  

t o  C a C O y  th e  p a r t i a l  p r e s s u r e  o f  C 0 2 ,  t e m p e r a t u r e  and s a l i n i t y .  

C a r b o n a te  p r e o i p i t a t i o n  i s  fa v o u r e d  b y  an i n c r e a s e  i n  te m p e r a t u r e  

( w h ic h  i n  t u r n  lo w e r s  t h e  c o n c e n t r a t i o n  o f  C O ^ ) . T h e  t e m p e r a tu r e  

i n c r e a s e  a l s o  r e s u l t s  i n  a r a i s i n g  o f  s a l i n i t y  due t o  e v a p o r 

a t i o n .  T h i s  i s  w e l l  show n i n  t h e  Baham as w here s a l i n i t i e s  o v e r
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t h e  B a n k s  a r e  i n  th e  r e g i o n  o f  3 8 ,5 $  com pared w i t h  th e  35$ 

o f  t h e  o p e n  o c e a n . I n  e n c lo s e d  s h a ll o w  w a te r s  s u c h  e v a p o r a t i o n  

c o u ld  u l t i m a t e l y  l e a d  t o  t h e  d e p o s i t i o n  o f  gypsum  e i t h e r  as 

b e d s , o r  i n t e r s t i t i a l l y  as a c e m e n t, E v id e n c e  o f  i n t e r s t i t i a l  

gypsum  is  p r e s e n t  i n  t h e  B r o k e n  B e d s , i n  t h e  fo r m  o f  c a l c i t e  

p se u do m o rp h a  and le a d s  t o  t h e  c o n c l u s i o n  t h a t  s a t u r a t i o n  w i t h  

r e s p e c t  t o  C aS O ^ o c c u r r e d .

No d i r e c t  e v id e n c e  o f  d e p th  o f  w a t e r  i s  p r e s e n t ,  b u t  th e  

p re s e n c e  o f  o c c a s i o n a l  e r o s s -b e d d e d  u n i t s  r i c h  i n  d e t r i t a l  

q u a r t z ,  th e  p re s e n c e  o f  a l g a e , th e  o c c u r r e n c e  o f  o o l i t e s  and 

lu m p s i n d i c a t i n g  t u r b u l e n c e  o n  th e  s e a  f l o o r ,  and th e  p e r 

s i s t e n c e  o f  c o n d i t i o n s  o f  s a t u r a t i o n  w i t h  r e s p e o t  t o  C a C O ^ and 

so m e tim e s  CaSC>4 ,  s t r o n g l y  s u g g e s t s h a llo w  w a t e r , p o s s i b l y  o f  

o n l y  a fe w  m e tr e s  d e p t h .

I t  i s  p r o p o s e d , t h e r e f o r e ,  t h a t  much o f  th e  c a r b o n a te -m u d  

was fo rm e d  b y  p h y s i c o - o h e m i o a l  p r e c i p i t a t i o n  i n  w arm , s h a l l o w , 

s l i g h t l y  s u p e r - s a l i n e  w a te r s  s u b j e c t  t o  g e n t l e  a g i t a t i o n ,  and 

w i t h  a s p a r s e  f a u n a  c o n t r o l l e d  b y  th e  s a l i n i t y  and p a r t i c u l a r l y  

th e  t e m p e r a t u r e  (Adam s and R h o d e s , I 96I ) *  A n  i n d e t e r m i n a t e  

am o un t o f  mud was a d d i t i o n a l l y  c o n t r i b u t e d  b y  a l g a e ,

( i i i )  Mode o f  a g g r e g a t i o n .  -

The o r i g i n a l  mud i a  now i n  th e  fo r m  o f  p e l l e t s  and lum ps 

o f  m u d 3 to n e  and t h r e e  modes o f  o r i g i n  f o r  th e s e  a r e  c o n s i d e r e d . 

The f i r s t ,  t h a t  t h e y  may r e p r e s e n t  e ro d e d  fr a g m e n ts  o f  o l d e r
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r o c k s  h a s  a l r e a d y  b e e n  d is c u s s e d  and c o n s id e r e d  u n l i k e l y  

( p .  ) .  T h e r e  r e m a in  th e  p o s s i b i l i t i e s  t h a t  t h e y  w ere p r o 

duced b y  th e  a c t i v i t y  o f  o r g a n i s m s , as f a e c a l  p e l l e t s ,  o r  b y  

some p r o c e s s  o f  p r o g r e s s i v e  a g g r e g a t i o n  o f  g r a i n s ,  as 

'’ b a h a m ite s "  ( B e a l e s  1 9 5 8 ) ,

The i d e n t i f i c a t i o n  o f  f a e c a l  p e l l e t s  i n  r o c k s  h a s  b e e n  

and s t i l l  i 3  a v e x i n g  p ro b le m  o f  p e t r o l o g y .  I t  i s  know n fr o m  

o b s e r v a t i o n  on m o d e rn  d e p o s i t s  t h a t  l a r g e  a m o u n ts  o f  s u c h  

p e l l e t s  may be p ro d u c e d  b y  i n v e r t e b r a t e s ,  e s p e c i a l l y  th o s e  

l i v i n g  i n  a mud e n v i r o n m e n t . T h e  p r e s e r v a t i o n  o f  t h e s e  p e l l e t s  

h o w e v e r i s  d e p e n d e n t f i r s t l y  u p o n  t h e  speed a t  w h ic h  t h e y  b e 

come l i t h i f i e d ,  and s e c o n d ly  u p o n  t h e  r a t e  o f  b u r i a l .  R a p id  

b u r i a l  c a u s e s  s q u a s h in g  and m e r g in g  o f  t h e  p e l l e t s  and t h e  

p r o d u c t i o n  o f  a s t r u c t u r e l e s s  m u d . P e l l e t s  fo rm e d  i n  a n  

e n v ir o n m e n t s a t u r a t e d  w i t h  C aC O ^ a r e  l i k e l y  t o  be l i t h i f i e d  

r a p i d l y ,  a s  a r e  f a e c a l  p e l l e t s  on th e  Bahama B a n k s  ( I l l i n g ,  

1 9 5 4 , p *  2 4 ) »  and t h u s  p r e s e r v e d  a s  d i s c r e t e  p e l l e t s .

T h e  sh a p e  h a s b e e n  u se d  i n  e f f o r t s  t o  d i s t i n g u i s h  f a e c a l  

fr o m  o t h e r  p e l l e t s ,  th e  m ore r o d  l i k e  ones b e in g  assum ed a s 

f a e c a l *  H o w e v e r , t h i s  i s  b y  n o  means c e r t a i n  f o r ,  a s  show n b y* 1 ’ ' * ' - « ' ~ r, , , t , ; _ b"' ‘ t
M o o re  ( 1 9 5 1 ) ,  f a e c a l  p e l l e t s ,  w h ic h  may i n i t i a l l y  r e a c h  2 . 0  mm. 

l e n g t h ,  r a p i d l y  b r e a k  up i n t o  lu m p s 0 .2  mm. l o n g  w h ic h  w o u ld  be
■ - • ■ - :■ ' ; . J - '• ' - b :yl I tl

i n d i s t i n g u i s h a b l e  fr o m  s p h e r e s  when r o u n d e d . P e r h a p s  a m ore; , ” r* - ' ■ * *, ; ■ 1 • ■■■ ; ’ ‘ .
i m p o r t a n t  d i s t i n c t i o n  may be th e  p re s e n c e  o f  s m a ll  •’ c h i t i n o u s *  

s p e c k s  d is s e m in a t e d  t h r o u g h o u t  th e  i n t e r n a l  p a r t s  o f  f a e c a l



pellets (Illing, 1954, p. 25). In addition, there is the 

possibility that the pellet will contain a proportion of 

Oceania matter which m y ,  under conditions of rapid burial, 

produce a localised reducing environment within the pellet 

and result in the formation of pyrite. This is discussed in 

a later seotion (p, H  ) where such pyritised pellets are 

concluded to be faecal. Folk (1959, p. 7) mentions that 

faecal pellet3 are usually rich in organic matter and show 

up with a brownish colour in thin secti m  Y/he:i viewed with 

convergent light*

I n  th e  p r e s e n t  c a s e , h o w e v e r , p y r i t e  i s  a b s e n t , a s a re  

a n y  t r a c e s  o f  th e  c h i t i n  s p e c k s . F u r t h e r m o r e , as p r e v i o u s l y  

a d d u c e d , t h e r e  was a n  im p o v e r is h e d  fa u n a  w h il e  th e  p re s e n c e  

o f  l a m i n a t i o n  i n d i c a t e s  l i t t l e  t u r n o v e r  b y  w o rm s , and 3 0 , 

w h i l e  some o f  th e  p e l l e t s  may be o f  f a e o a l  o r i g i n ,  i t  i s  

t h o u g h t  t h a t  m o st w ere fo rm e d  b y  some p ro c e s s  o f  g r a i n  a g g r e 

g a t i o n *  T h e  p o s t u l a t e d  c o n d i t i o n s  o f  o r i g i n  o f  t h e  mud le a d  

d i r e c t l y  t o  c o m p a r is o n  o f  th e  p e l l e t s  and lum p s w i t h  th o s e  

d e s c r ib e d  b y  I l l i n g  (1954, p. 31 )f and i t  i 3  h e r e  s u g g e s te d ., 

t h a t  t h e y  w ere fo rm e d  i n  a s i m i l a r  m a n n e r , t h i s  i s ,  b y  th e  

a c c r e t i o n  and p r o g r e s s i v e  c e m e n ta tio n  o f  mud p a r t i o l e s .  C o n 

t i n u e d  c e m e n t a t io n  p ro d u c e d  3ome lum ps ( g r a p e s t o n e s  o f  I l l i n g )  

w h i l e  i n c r e a s e d  l o c a l  t u r b u l e n c e  le d  t o  th e  f o r m a t i o n  o f  t h e  

r a r e  o o l i t e s .
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(o) Diagenesia
W h a te ve r i t s  o r i g i n ,  much o f  t h e  c a r b o n a te -m u d  m u s t h a v e  

b e e n  d e p o s it e d  m e c h a n i c a l l y , as shown b y  i t s  p re s e n c e  i n  t h e  

lo w e r  h a l f  o f  th e  s h e l l s }  i t  w o u ld  t h e r e f o r e  h a ve  b e e n  a p o ro u s  

d e p o s i t .  D u r i n g  o r  f o l l o w i n g  a g g r e g a t i o n  t h i s  p o r o s i t y  was 

l o s t ,  and t h e  p r e s e n t  n o n -p o r o u a  f a b r i c  d e v e l o p e d . T h e  p r o 

p o se d  mode o f  o r i g i n  f o r  th e  p e l l e t s  and lu m p s , b y  a c o r e t i o n  

o f  g r a i n s ,  w o u ld  l i k e l y  r e s u l t  i n  t h e  p r e c i p i t a t i o n  o f  i n t e r 

s t i t i a l  c a r b o n a t e  ( a r a g o n i t e  ? ) cem ent w h io h  w o u ld  e f f e c t i v e l y  

e l i m i n a t e  t h e  p o r o s i t y .  Some r i m - c e m e n t a t i o n  ( B a t h u r s t ,  1 9 5 8 , 

p .  2 1 )  may h a v e  o c c u r r e d , as m ig h t p r e s s u r e  s o l u t i o n  o f  some o f

t h e  s m a l l e r  g r a i n s  b u t  t h i s  i s  n o t  d e t e r m i n a b l e .>
T h e  cem ent show s a l l  t h e  o h a r a o t e r i s t i o s  o f  a g r a n u l a r  

o h e m io a l d e p o s i t  ( B a t h u r s t ,  1 9 5 8 ) .  T h e r e  i s  no e v id e n c e  o f  

a n y  p r e - e x i s t i n g  a r a g o n i t e , th o u g h  i n  v ie w  o f  t h e  p ro p o s e d  

e n v ir o n m e n t t h i s  m u s t be a d i s t i n c t  p o s s i b i l i t y .  I f  s u c h  a 

c e m e n t e x i s t e d  and was l a t e r  rem oved b y  s o l u t i o n ,  th e n  c a l c i t e  

d e p o s it e d  i n  th e  p o re  sp a c e  w o u ld  a p p e a r  t o  be ' p r i m a r y * .  

A r a g o n i t e  i n v e r t i n g  t o  o a l c i t e  i s  n o t  l i k e l y  t o  p ro d u c e  th e  

c h a r a c t e r i s t i c s  o f  a c h e m ic a l d e p o s i t .

B i o c l a s t i o  m a t e r i a l  i s  c h i e f l y  o f  o s t r a o o d s  w h i o h , h a v i n g  

a  c a l c i t e  s h e l l ,  h a v e  u n d e rg o n e  l i t t l e  c h a n g e . T h e  c a l o t t e  o f  

t h e  s h e l l s  i s  a r r a n g e d  as p ris m s  n o rm a l t o  t h e  s h e l l  w a l l .

T h e s e  a c t e d  a3 n u c l e i  f o r  g r a n u l a r  and d r u s y  c e m e n t, and h e lp e d  

t o  p ro d u c e  o r i e n t e d  o r y s t a l s  a ro u n d  t h e  s h e l l  f r a g m e n t s . 

G a s t r o p o d s  a r e  p r e s e n t  o n l y  i n  b e d s  o n  t h e  I s l e  o f  P o r t l a n d  and
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are only recognisable as ealoite-audsto ne oasts of the body 

chamber. The aragonite shell has completely disappeared, and 

this must have been removed prior to the cementation of the 

rock. Thi3 is shown by the fact that pellets and lumps are 

now in contact with the mudstone gastropod casts, and must 

therefore have moved into plaoe after the shell had dissolved, 

and prior to the deposition of calcite cement*

Here and there is some evidence of anhydrite replacement 

having occurred, mostly in the form of reotangular shaped 

pellets as described on page 57 f but thi3 is not common and 

Joes not appear to have been extensive.
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V. C Y : H I 3 P H 3 E S T 0 K E 3

( a )  G e n e r a l  D e s c r i i r t i o n

The O y p r i s  F r e e s t o n e s  a r e  a maximum o f  8*44 m . t h i o k  a t  

W o rb a rro w  B a y .  T h e y  a r e  a b o u t 5-5.50 m . a t  Mupe B a y  and 

L u l w o r t h ,  w h ile  th e  e q u i v a l e n t  b e d s  o n  th e  I s l e  o f  P o r t l a n d  

a re  o n l y  1  o r  2 m . t h i o k .  The D u r l s t o n  Bqy s e c t i o n  i s  now 

c o v e r e d , b u t  a o a o r d i n g  t o  B r i s t o w  (1857) t h e  b e d s  t h e r e  a r e

11.0 m . t h i c k .  Th e  F r e e s t o n e s  a r e  b e s t  e x p o s e d  a t  W o rb a rro w  

B a y  and a t  t h e  F o s s i l  F o r e s t ;  e ls e w h e r e  e x p o s u r e  i 3  o n l y  

p a r t i a l .

The b e d s  a re  c r e a m , w h i t e  o r  t a n  w e a t h e r i n g , and fo r m  

r e l a t i v e l y  t h i c k  u n i t s  ( 6 0 - 1 0 0  c m .)  ( f i g s .  5 3 , 5 4 ) y o f t e n  

f i n e l y  c r o s 3 -b e d d e d  and w i t h  r i p p l e  m a rk  common. Where c r o s s 

b e d d in g  i s  a b s e n t , t h e  b e d s  a r e  w e l l  l a m i n a t e d . S h a le s  a r e  

a b s e n t a t  th e  b a s e  o f  t h e  se q u e n o e  and i t  i s  t h e i r  in c o m in g , 

t o g e t h e r  w i t h  t h a t  o f  s a n d y  l i m e s t o n e , t h a t  m a rk s  t h e  t o p  o f  

th e  u n i t .

As i n  th e  B r o k e n  B e d s  t h e  d o m in a n t s e d im e n t i3  c a l o i t e -  

m u d s to n e , i n  t h e  fo r m  o f  p e l l e t s ,  lu m p s , and m ore com m only t h a n  

i n  t h e  B r o k e n  B e d s , o o l i t e s .  I n  a d d i t i o n ,  a l g a l  fr a g m e n t s  a r e  

m ore a b u n d a n t and b e t t e r  p r e s e r v e d , and th o u g h  o s t r a c o d s  a r e  

a g a i n  th e  m o st a b u n d a n t f a u n a , g a s t r o p o d s  and p e le o y p o d s  beoome 

common, e s p e c i a l l y  to w a r d s  th e  t o p  o f  t h e  s e q u e n o e . The a l g a l  

fr a g m e n ts  o f t e n  w e a th e r o u t a s n o d u le s  £ - 2  om , d i a m e t e r . The



Fig« 53» - View of the topmost Portland aud basal Purbeck at Worbarrow Tout» 
The caye is eroded into the Broken Beds, and the prominent bods 
overlying belong to the Cypris Freestones and in part to the Hard 
Cockle Beds.
Lower Purbeck. Worbarrow Bay.

Fig. i>4. - Shows the well bedded, relatively thick units af the Cypris 
Freestones.
Lower Purbeck. 
Cypris Freestone

Worbarrow Bay.
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p e le c y r ^ o d s , m o s t l y  fr a g m e n ts  b u t  so m e tim e s w h o le  v a l v e s ,  l i e  

p a r a l l e l  t o  t h e  b e d d i n g , and a r e  i n v a r i a b l y  c o n c a ve  dow n* 

Q u a r t z  g r a i n s  a r e  a g a i n  s c a t t e r e d  t h r o u g h o u t , o c c a s i o n a l l y  

f o r m i n g  t h i n  s a n d y  l a m in a e , b u t  q u a r t z  i s  n o t  common u n t i l  

n e a r t h e  t o p  o f  th e  s e q u e n c e .

( b )  P e t r o l o g y

( i ) P e t r o g r a p h y * -

1 *  The p e l l e t s  and o o l i t e s  —

M aqy o f  th e  p a l l e t s  a r e  a  l i g h t  g r e y ,  b u t  a f a r  h i g h e r  p r o 

p o r t i o n  a r e  g o ld e n - b r o v r a , and t h i s  becom es m ore p ro n o u n c e d  t o 

w a rd s  t h e  t o p  o f  th e  s e q u e n c e . I n d i v i d u a l  g r a i n s  f o r m i n g  t h e  

p e i l e t 3  a r e  l e s s  t h a n  3 ^  s i z e ,  and i n  t h e  b ro w n  p e l l e t s  t h e  

g r a i n s  a r e  f r e q u e n t l y  t o o  s m a l l  t o  be r e a d i l y  d i s t i n g u i s h e d  e ve n  

w i t h  p e e l s .  T h e r e  i s  a  g r e a t e r  r a n g e  o f  p e l l e t  s i z e  t h a n  i n  th e  

B r o k e n  B e d s , w i t h  p e l l e t s  fr o m  5 0 -3 0 0  /*■ d i a m e t e r , th o u g h  th e  

l a r g e r  p e l l e t s  p a s s  i n t o  lu m p s . As i n  th e  B r o k e n  B e d s , 

i n d i v i d u a l  l a y e r s  a r e  f a i r l y  w e l l  s o r t e d .  S m a ll e r  p e l l e t s  a r e  

i n  g e n e r a l  m ore s p h e r i c a l  t h a n  th o s e  l a r g e r  t h a n  1 5 0  f1 ( f i g .  

5 5 ) ,  b u t  many a r e  r o d  sh a p e d  w i t h  r a t i o s  o f  a b o u t  2 i l  o r ,  

r a r e l y ,  as much as 4 * 1 .  B e lo w  1 5 0  m ost p e l l e t s  h a v e  a n  

hom ogeneous t e x t u r e ,  th o u g h  w here a b row n  c o l o u r  i s  p r e s e n t  

t h e y  a r e  s t r o n g l y  m o t t l e d  i n  a p p e a r a n c e . T h e r e  i s  more u n i 

f o r m i t y  i n  t h e i r  sh a p e  t h a n  i n  t h e  B r o k e n  B e d s .
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Ooliths are mostly superficial, that :1b , t.ho,v possess 

only one layer of radial growth around a nuolGus, A few true 

ooliths occur but in email amounts* Composite ooliths are 

more abundant. ':ihen present, ooliths are common throughout 

a particular bed - up to ?Ofo by volume in oases - but elsewhere 

are rare, Oolith nuclei are usually mudstone pellets, very 

rarely they are foraminifera or small quart?, grains. The 

oolitic layers are composed of radially oriented caleite fibres 

1-1,5 /-*• width and 20-33 M* long, that yield a characteristic 

black cross under crossed niçois, •Dust* inclusions are common 

within the oolitio layers, Ooliths are always associated with 

the larger sized pellets and lumps, and with a granular oaloite 

cement (fig, 56),

I n  g e n e r a l ,  t h e  b o u n d a r ie s  o f  p e l l e t s  and o o l i t h s  a r e  

c l e a r l y  d e f i n e d , t h o u g h  w h e re  t h e  p e l l e t s  a r e  o f  f i n e  s i z e  t h e y  

a r e  c l o s e l y  p a ck e d  and some m e r g in g  o f  b o u n d a r ie s  o c c u r s . I n  a 

fe w  t h i n  l a y e r s  ( |  o m .)  m e r g in g  i s  s u f f i c i e n t  t o  p ro d u c e  

g ru ra u le u s e  t e x t u r e ,  b u t  u n i f o r m , s t r u c t u r e l e s s  m u d sto n e  i s  n o t  

p r e s e n t ,

2 .  The lu m p s , —

M any o f  th e s e  a r e  a l g a l ,  and a r e  b o t h  a b u n d a n t and l a r g e  

i n  some l a y e r s  w h ic h  may c o n t a i n  a s  much a3 6 3 ^  b y  vo lu m e  a l g a l  

f r a g m e n t s . T h e y  may be up t o  3 mm* i n  l e n g t h ,  and v e r y  i r r e g u l a r  

i n  s h a p e , w i t h  a l g a l  s t r u c t u r e  i n  v a r i a b l e  s t a t e s  o f  p r e s e r -



Fig* 55. “ Small micrite pellets and oatracod fragments in a granular calcite 
cement. The pellets are quite well sorted, and the 3hell fragments 
lie more or less parallel to the bedding*
L o w e r  Purbeck. L u l w o r t h  Cove.
C y p r i s  Freestone:*.

Fig* $6, - Larger pellets, lumps and oolites in a granular calcite cement* Gome 
of the lumps arc probably of algal origin.
Lower Purbeck. Worbarrow Bay.
Cypris Freestones.

Fig. 57* - A large algal nodule containing well preserved filaments of Ortonolla.
Lower Purbeck. '̂ orbarro* bay.
C y p r i s  F r e e s t o n e s .
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vat ion (fig. 57). These structures are similar to those 

described for the Ortonella limestones of the Basal Beds, with 

circular, spar filled tubules averaging 35-40 diameter in a 

clotted, mudstone matrix. This is often spongiostromid in 

texture, and contains small fragments of shells, pellets and 

quartz grains whioh the algae enclosed during growth. The 

fragments show signs of having been bored, perhaps by non- 

oalcareous worms, which prodhce small eyes of spar within the 

mudstone. Rarely, these may be circular, similar in appearance 

to the algae but of much larger dimension, about 120 ^  •

These large algal lumps grade downwards to pieoes of 3 50 ^  

or so which retain less structure, and eventually no doubt to 

still smaller pieces now unrecognisable as algal (fig, 56).

The oalcite-mudstone of the fragments is usually light grey in 

this section. Brown colour i3 only rarely present. The mud 

grains are in tha order of 2 - 4 size, slightly coarser than in 

the pellets. This may perhaps be used to identify algal frag

ments that have lost all structure.

In addition to the algal mudstone lumps, there are those 

formed by the aggregation of two or more pellets. In most 

respects these are similar to the lumps described in the Broken 

Beds, and the same criteria can be used to ..differentiate them 

from the intraclasts which are here slightly more common.

3. Bioclastic material and accessories. -

Bioclastic material consists of ostracods, pelecypods, rare
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guutropoas and for.aninif era. Ostracods occur throughout the 

se ueaco aid cc c .3 ion.:. Ilp form thin layers ( m m .) of valve a 
lying parallel to the bedding. The shells are light yellow I n  

thin section and are composed of radially oriented calcite 
prisma. Whole shells often have a drusy calcite filling with 

the crystals in optical continuity with the walls. Some of the 

shell fragments are obvious-ly intraclasts, and the concave 

portion contains small gobbets of brown carbonate-mud and some- 

tinea two or more shell fragments occur within such a gobbet.

A3 os trucada decrease, pelecypods increase. At first these 

arc rare, occurring aa thin valves about 6 mm. length, concave 

down. These g i v e  way to abundant fragments of thicker 3hells. 

These are 1-1 mm, long and are from -J— y mm. thick, and consist 

of mosaics of calcite of variable crystal site, but seldom, less 

than 30 jX • Most of the fragments are outlined by a fine 

•dust line* cf silt or mud sized calcite crystals. Many of the 

shall fragments have been bored and the boring3 filled with 

o licit e-mud (fig. 38). These borings are from 20-40 jx 

diametor and up to 10 0  ^  l o n g .  Sometimes only one side of the 

shell is affected, but mostly it is bored equally on both sides. 

No trace of original shell structure now remains. The ends o f  

the fragments are sometimes rounded but often angular, though 

the bored 3hells are more abraded and rounded than others.



Fig. 58. - Polecypod fragment© containing adcrite filled boring©,* nicrite filled 
gastropods, pellets and lumps in a granular coleite cement.
Lower PurbecK. Worbarrow Bay.
Cypris Freestone©.

Fig. 59« - Photomicrograph of an acetate peel showing micrite filled borings in 
polecypod ©hell fragments; micrite pellet© and lumps rimmeu by small 
crystals of calcite cement which grew into ompty space between pellets.
Low ex- Purbeck. Worbarrow Bay.
CyprxM freestones.
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G a s t r o p o d s  a r e  r a r e .  T h e y  a r e  o n l y  r e o o g n i s a b l e  as 

o a s t s  w h e re  t h e  b o d y  oham bers w ere  f i l l e d  b y  mud ( f i g .  5 8 ) .  

A l l  t r a c e  o f  t h e  s h e l l  h a s  g o n e , and i t  i s  q u i t e  p o s s i b l e  

t h a t  some o f  t h e  p e l l e t s  may i n  f a o t  be g a s t r o p o d  cham ber 

o a s t s .  T h i s  i s  n o t  b e l i e v e d  t o  be oommon i n  t h i s  s e q u e n c e , 

h o w e v e r , t h o u g h  i t  i s  e l s e w h e r e .

R a r e , t o o ,  a r e  f o r a m i n l f e r a .  T h e s e  a r e  u s u a l l y  p r e s e n t  

as t h e  c o r e  t o  a n  o o l i t h ,  o n l y  r a r e l y  as s e p a r a t e  f o s s i l s .  

L i t t l e  o a n  be s a i d  a b o u t th e m  e x c e p t  t o  n o t e  t h e  p re s e n c e  o f  

a f i n e l y  g r a n u l a r  w a l l  w i t h  s p a r  f i l l e d  c h a m b e r s ,

O f  t h e  n o n - o a r b o n a t e s , q u a r t z  i s  t h e  m ost oommon. A g a in  

i t  o c c u rs  i n  s m a l l  am oun ta i n  m o s t b e d s , and i n  o n l y  a fe w  

d o e s  i t  r e a c h  2 -3 $  b y  w e i g h t .  Th e  g r a i n s  a r e  u s u a l l y  l e s s  

t h a n  125 3 i z e ,  a r e  a n g u l a r  ( P e t t i J o h n ,  1948) b u t  o n o e  more 

show  e v id e n c e  o f  b e i n g  r e p l a c e d  b y  o a l o i t e .  A  v e r y  l i t t l e  

c o l l o p h a n e , a s b o n e  f r a g m e n t s , i s  s o m e tim e s  p re s e n t#  P y r i t e  

i s  a b s e n t .

4 .  The  c e m e n t. -

A s i n  t h e  B r o k e n  B e d s  t h i s  i s  m a i n l y  a g r a n u l a r  o a l o i t e  

oem ent c o n s i s t i n g  o f  c r y s t a l  m o s a ic s  w i t h  p l a i n  g r a i n  

b o u n d a r ie s  and w i t h  t h e  c r y s t a l  s i s e  c o n t r o l l e d  b y  th e  p a c k in g  

o f  t h e  r o o k  e le m e n ts  ( f i g ,  5 9 ) »  I t  i s  oommon t o  see t h e  o u t -  

a i d e  o f  a o o l i t e  rim m ed b y  s m a l l  s p a r  c r y s t a l s  w h io h  a r e  i n  

o p t i c a l  c o n t i n u i t y  w i t h ,  and w ere  se e d e d  u p o n , t h e  f i b r e s  o f  

t h e  o o l i t e .  T h i s  ohow3 th e  r a d i a l  f i b r e s  t o  h a v e  b e e n  i n  t h a t  

fo r m  p r i o r  t o  o e m e n t a t i o n .
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T h e r e  a r e  some lajera i n  w h ic h  t h e  m a t r i x  l a  a o a l o i t t  

s i l t ,  o r  so m e tim e s m a d , w i t h  g r a i n  s i z e  5 - 1 5  • T h i s  i s  r e a d i l y

d i s t i n g u i s h a b l e  fr o m  t h e  m u d s to n e  o f  t h e  p e l l e t s  b y  i t s  l i g h t  

g r e y  c o l o u r  and g r e a t e r  t r a n s l u o e n c y . T h i s  t y p e  o f  m a t r i x  i s  

f r e q u e n t l y  a s s o c i a t e d  w i t h  c o n c e n t r a t i o n s  o f  a l g a l  fr a g m e n ts  

and may be a l g a l l y  p ro d u c e d  c a r b o n a t e .

( i i )  O r i g i n  o f  t h e  c a r b o n a t e  m ud.  -

Much o f  t h e  d i s c u s s i o n  o f  t h e  o r i g i n  o f  t h e  e a r b o n a te -m u d  

o f  th e  B r o k e n  B e d s  a p p l i e s  e q u a l l y  h e r e  and w i l l  n o t  be r e 

p e a t e d . I t  m u s t be r e c o g n i s e d , t h o u g h , t h a t  a lg a e  h a v e  b e e n  

much more i m p o r t a n t  i n  mud f o r m a t i o n  i n  th e  C y p r i s  F r e e s t o n e s . 

.E x c l u d i n g  g r a n u l a r  o a l o i t e  c e m e n t, a l g a l  fr a g m e n ts  f r e q u e n t l y  

fo r m  n e a r l y  1 0 0 ^  o f  a r o o k .  T h e y  c o n s i s t  o f  i r r e g u l a r  m asse s 

o f  o a l o i t e - m u d s t o n e , d i s i n t e g r a t i o n  o f  w h ic h  w o u ld  h a v e  y i e l d e d  

a b u n d a n t mud g r a i n s .  T h i s  o a l o i t e  i s  o f t e n  o f  s i g h t l y  c o a r s e r  

g r a i n  s i z e  t h a n  u s u a l ,  s o m e tim e s  u p  t o  1 0  ^  w i t h  a r e s u l t a n t  

i n c r e a s e  i n  t r a n s l u c e n c y . A c c u m u la t io n s  o f  s u c h  m ud, o r  o f  

e m a il  p e l l e t s  n o t  r e o o g n i s a b l y  a l g a l  b u t  w h ic h  h a v e  g r a i n s  o f  

s i m i l a r  h a b i t  may r e a s o n a b l y  be c o n s id e r e d  a s  o f  a l g a l  o r i g i n .  

I n v e r t e b r a t e  a o t i v i t y  o n  t h e  o t h e r  hand may w e l l  c a u s e  a  d e 

o r e a s e  i n  t h e  g r a i n  s i z e  o f  th e  o r b o n a t e , and once e u o h  a 

b r e a k  down h a s  o c c u r r e d  i t  w o u ld  n o t  be p o s s i b l e  t o  d e t e c t  an 

a l g a l  o r i g i n  f r o m  o b s e r v a t i o n s  o n  t h e  g r a i n  s i z e .



A se co n d i m p o r t a n t  d i f f e r e n c e  fr o m  th e  B r o k e n  B e d s  l i e s  

i n  t h e  much more p r o l i f i c  f a u n a , e s p e c i a l l y  i n  th e  i n c r e a s e  

i n  p e le o y p o d s  and g a s t r o p o d s . T h e i r  i n c r e a s i n g  num bers u p 

w a rd s t h r o u g h o u t  t h e  se q u e n ce  a t  once s u g g e s ts  an  a l t e r i n g  

e n v i r o n m e n t , p e r h a p s  l e s s  s a l i n e  t h a n  t h a t  p r e v i o u s .  L o w e re d  

t e m p e r a t u r e s , t o o ,  may h a v e  h e lp e d  i n  p r o v i d i n g  a m ore f a v o u r a b l e  

e n v i r o n m e n t . B o t h  o f  t h e s e  f a c t o r s ,  h o w e v e r , w o u ld  i n c r e a s e  t h e  

s o l u b i l i t y  o f  CaCO^ and h e n c e  re d u c e  th e  l i k e l i h o o d  o f  

p h y s i c o - c h e m i c a l  d e p o s i t i o n  t a  i n g  p l a o e .  W h ile  a t  t h e  b a s e  o f  

t h e  s e q u e n c e , t h e r e f o r e ,  i t  i s  p r o b a b le  t h a t  o h e m io a l p r e c i p i 

t a t i o n  was common, as show n b y  " b a h a m ite a "  and o t h e r  a o o r e t i o n -  

a r y  lu m p s , t h i s  beoame l e s s  i m p o r t a n t  a s tim e  w e n t o n , and 

b io c h e m ic a l  m u d , o h i e f l y  a l g a l ,  beoame d o m i n a n t ,

( 1 1 1 )  Mode o f  a g g r e g a t i o n ,  -

M o s t o f  t h e  lum ps and m any o f  t h e  p e l l e t s  r e t a i n  s u f f i c i e n t  

s t r u c t u r e  t o  be i d e n t i f i e d  as a l g a l .  A t  th e  b a s e  o f  th e  se q u e n o e  

some o f  t h e  p e l l e t s  a p p e a r t o  b e  i d e n t i c a l  w i t h  m any o f  th o s e  

i n  t h e  B r o k e n  B e d s , and a r e  p r o b a b l y  fo rm e d  b y  a c c r e t i o n  -  as 

b a h a m i t e s . M o s t p e l l e t s ,  h o w e v e r , show  o t h e r  c h a r a c t e r i s t i c s .  

C h i e f  among th e s e  i s  t h e  s t r o n g  g o ld e n - b r o w n  o d o u r  m any p o s s e s s . 

O t h e r  f e a t u r e s  i n c l u d e  t h e  f r e q u e n t  r o d  s h a p e  w i t h  l e n g t h -  

d ia m e t e r  r a t i o s  o f  up  t o  4 * 1 ,  t h e  v e r y  g o o d  s o r t i n g  a lo n g  th e  

i n d i v i d u a l  l a y e r s ,  and p a r t i c u l a r l y  t h e  p re s e n c e  o f  s m a ll  

c h i t i n o u s  ? i n c l u s i o n s .  The c h an g e  i n  e n v ir o n m e n t c o u p le d  w i t h
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i n c r e a s e d  fa u n a  s u g g e s ts  t h a t  m o st o f  th e s e  p e l l e t s  a r e  f a e o a l .

I n  some l a y e r s  o o l i t e s  a r e  common. T h e y  a r e  m o s t l y  s u p e r 

f i c i a l  a ro u n d  mud p e l l e t  n u c l e i .  The o o l i t i c  c o a t s  a r e  o f  

r a d i a l l y  o r i e n t e d  c a l o i t e  f i b r e s ,  o c c a s i o n a l l y  c u t  b y  c o n 

c e n t r i c  b a n d s  of c a l c i t e - m u d s t o n e  (W o o d ’ 3 a l g a l  d u s t  i n c l u s i o n s ) .  

The o o l i t e s  a r e  i n v a r i a b l y  c r o s s -b e d d e d  on a s m a l l  s c a l e .

( o )  M a g e n e a i s

A t h i r d  c r i t e r i o n  f o r  th e  p re s e n c e  o f  a m e c h a n ic a l l y  

d e p o s it e d  raud i s  p r e s e n t  i n  t h e s e  b e d s , i n  th e  fo r m  o f  t h e  b a r e d  

s h e l l  fr a g m e n t s  ( f i g s .  5 3 , 5 9 ) .  T h e s e  s h e l l s  w e re  b o r e d  b y  

p l a n t s  o r  a n im a ls  and t h e  b o r i n g s  i n f i l l e d  b y  a m u d . T h i s  m u s t , 

n e v e r t h e l e s s , h a v e  b e e n  l i t h i f i e d  p r i o r  t o  t h e  s o l u t i o n  o f  th e  

a r a g o n i t e  s h e l l s ,  a s  t h e  c a s t s  w e re  p r e s e r v e d  and e n c lo s e d  i n  

t h e  d r u s y  o a l c i t e  c a v i t y  f i l l i n g s .  T h i s  a l s o  p o i n t s  t o  t h e  mud 

h a v in g  b e e n  o f  e a l o i t e  and n o t  a r a g o n i t e ,  o t h e r w i s e  t h e  c a s t a  

t o o  w o u ld  h a v e  d i s s o l v e d  and b e e n  d e s t r o y e d .

T h e  s h e l l  m o s a ic s  show t y p i c a l  d r u s y  c h a r a c t e r i s t i c s ,  and 
s o l u t i o n  o f  t h e  a r a g o n i t e  shell must h a v e  o c c u r r e d  i n  a  r i g i d  

f a b r i c ,  t h a t  is, po3t c e m e n t a t i o n , o t h e r w i s e  a n y  c a v i t y  w o u ld  

presumably have b e e n  d e 3 o t r o y e d .
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T h e r e  i s  no e v id e n c e  i n  th e s e  b e d s  o f  r e p la c e m e n t b y  

a n h y d r i t e ,  and no s i l i c i f i c a t i o n  h a s  o c c u r r e d .

( d )  A r a g o n i t e  -  o r  C a l o i t e  -  mud 

I n  t h e  B r o k e n  B e d s  and C y p r i a  F r e e s t o n e s  i t  h i a b e e n  

show n t h a t  a c a r b o n a t e  mud was t h e  d o m in a n t s e d i m e n t . L i t t l e  

h a s  b e e n  s a i d  as t o  w h e th e r t h i s  was o r i g i n a l l y  a r a g o n i t e  o r  

e a l c i t e .  I t  i s  now e n t i r e l y  o a l o i t e .

T h e r e  i s  s u f f i c i e n t  e v id e n c e  t o  show t h a t  a n y  a l g a l l y  

p ro d u c e d  mud was o a l c i t e .  T h e  c r i t e r i a  u se d  b y  Wood ( 1 9 4 1 *  

p ,  1 9 4 )  a p p l y  e q u a l l y  h e r e , and t h e r e  i s  i n  a d d i t i o n  th e  

e v id e n c e  fr o m  t h e  p r e s e r v a t i o n  o f  b o r i n g s  i n  s h e l l s  o i t e d  

a b o v e , P h y s i o o - c h e m i c a l l y  p r e o i p i t a t e l  mud o n  t h e  o t h e r  h and 

i s  m ore l i k e l y  t o  h a v e  b e e n  a r a g o n i t e ,  as i n  m o d e rn  e n v i r o n 

m e n ts  o f  c a r b o n a t e  p r e c i p i t a t i o n .  T h i s  a p p l i e s  a l s o  t o  o o l i t e s ,  

t h e  c o n c e n t r i c  and r a d i a l  l a y e r s  o f  w h ic h  a r e  u s u a l l y  e n t i r e l y  

u r a g o n i t i o  i n  m o de rn  d e p o s i t s .  A r a g o n i t e  mud i s  u s u a l l y  i n  

th e  fo r m  o f  n e e d le  l i k e  c r y s t a l s ,  b u t  as h a s  r e c e n t l y  b e e n  

shown ( H a t h a w a y  and R o b e r t s o n , I 9 6 0 ) ,  t h e s e  may s o o n  lo o s e  t h i s  

a p p e a ra n c e  b y  a r o u n d i n g  o f  t h e  e n d s , and o o a le s o e n o e  t o  fo r m  

l a r g e r  g r a i n s .  T h i s  i s  n o r m a l l y  a c c o m p a n ie d  b y  i n v e r s i o n  t o  

o a l o i t e  and t h s  r e s u l t a n t  f a b r i c  c a n n o t b e  d i s t i n g u i s h e d  fr o m  

t h a t  o f  many a p h a n i t i c  l i m e s t o n e s . I t  i s  i m p o s s i b l e , t h e r e f o r e ,
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a t  p r e s e n t  t o  d i f f e r e n t i a t e  b e tw e e n  mud o r i g i n a l l y  a r a g o n i t e  

and mud o r i g i n a l l y  c a l o i t e ,  t h o u g h  t h e r e  i s  a s t r o n g  p r o b a b i l i t y  

t h a t  b o t h  k in d s  w ere p r e s e n t , p a r t i c u l a r l y  i n  t h e  B r o k e n  Beds 

sequence#



-86-

VI. E A R D  y C 0 C K L 3  B E D S
( a )  G e n e r a l  D e s c r i p t i o n

The up w ard c h a n g e  fr o m  C y p r i s  F r e e s t o n e  l i t h o l o g y  i s  

m arked b y  t h e  a p p e a ra n c e  i n  t h e  s e c t i o n  o f  a l t e r n a t i n g  B an d y 

l im e s t o n e s  and d a r k  g r e y  o a lo a r e o u s  s h a l e s .  A t  W o rb a rro w  B a y  

a t  l e a s t  60 s u c h  a l t e r n a t i o n s  o c c u r  i n  a  bed  80 cm . t h i c k .

E x c e p t  f o r  t h e  b o t to m  1 - 1 . 5  m , ,  t h e  s e q u e n c e  i a  b e s t  e x p o s e d  

t h e r e ,  and h as a t h i c k n e s s  o f  6 .0 7  m . O n l y  t h e  t o p  2 - 2 .5  m. 

a re  e x p o s e d  a t  Mupe B a y  and L u l w o r t h  C o v e , w h ile  th e  b e d s  a t  

B u r 1 s t on B a y  a r e  e n t i r e l y  c o v e r e d . I t  i s  i m p o s s i b l e  t o  c o r 

r e l a t e  a n y  b e d s  o n  t h e  I s l e  o f  P o r t l a n d ,  and e ls e w h e r e  t h e r e  

a r e  no e x p o s u r e s .

The b e d s  a r e  g e n e r a l l y  l i g h t  t a n - y e l l o w  w e a t h e r in g  and 

a r e  d i f f i c u l t  t o  o b t a i n  f r e s h  ( f i g .  6 0 ) .  S m a ll s c a le  o r o s s -  

b e d d in g  ( 2 . 5  o m . ) and r i p p l e - m a r k e d  s u r f a c e s  a r e  common, w h i l e  

c u b ic  s a l t  pseudom orphs a r e  n o t  i n f r e q u e n t .  I n  t h e  s e q u e n c e  a t  

W o rb a rro w  B a y  a r e  tw o  t h i n  (5 o m . ) b a n d s  o f  o a l o i t e - m u d s t o n e  

b r e o o i a .  I n d i v i d u a l  b e d s  ra n g e  fr o m  2 0 -1 6 5  om . t h i o k n e s a .

T h e r e  i s  a much m ore a b u n d a n t f a u n a  t h a n  i n  th e  b e d s  b e l o w , 

and t h i s  show s a v a r i a t i o n  b e tw e e n  L u l w o r t h  and W o rb a rro w  t h a t  

i s  o f  s i g n i f i c a n c e  i n  i n t e r p r e t i n g  t h e  e n v i r o n m e n t .

The  H u rd  C o o k ie  B e d s  c o n t a i n  a v a r i e t y  o f  s e d im e n ts  d i s 

t i n c t  fr o m  t h o s e  p r e v i o u s l y  d e o o r i b e d , r a n g i n g  fr o m  o a l o i t e -  

m u d s to n e s  ( m i o r i t e s )  t o  o a lo a r e o u s  s a n d s t o n e s , and fr o m



Fig. 60. - Outcrop of the Hard Cockle Beds.
Lower Purbeck. Lulworth Cove.

Fig. 61. - Photomicrograph of a typical pelmicrite. Outlines of small pellets 
can be discerned within the micrite matrix. Finely disseminated 
pyrite, quartz silt and some small shell fragments are also present.
Lower Purbeck. iAilworth Cove.
Hard Cockle Beds.
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biomlorite to biosparite. The petrography of eaoh type ia 
given without reference to its stratigraphic distribution 

which is discussed below ( p . ).

(b) Petrology of the calotte-mudstones (Miorites)

and biomiorites

U) Petrography. -
There is every gradation between homogeneous ealoite- 

mudstones (miorites) and rooks with mudstone pellets in a 

dominantly mud matrix (pelmicrites). In thin section the 

miorites are mottled grey and brown, and are usually full of 

small black speck3 and granules of finely disseminated pyrite,
A little silt and fine sand-size quartz ia present, usually ae 

thin, irregularly spaced laminae separating quartz free 

mudstone layers. Hare, thin pieces of ostraood shell are the 

only faunal elements present. Common, however, are small 

blaok carbonaceous fragments that may be isseot remains.

Where silty laminae ooour it is possible to observe the 

vague boundaries of mud pellets, outlined in some oases by 

pyrite speoks, in others by a spar cement of 10-15 {*■ grain 

size. In true pelraiorite the pellet boundaries are much better 

preserved and readily disoernable even when set in a miorite
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matrix (fig. 61). The pellets are well rounded, tome appear 
spherical, others elongate hut of the same diameter as the 
spheres, suggesting that these may in fact be the transverse 
section of rods. Most pellets are grey, but a few have the 
mottled brown appearance, seen in the Cypris Freestone, while 
in any bed about 10$ of the pellets contain abundant black 
pyrite specks. Shell fragments are again rare, but quartz of 
sand-size is a little more common than in the miorites.

Pellets vary from 70-140 /*■ diameter, while the length - 
breadth ratios are from 2 or 3.5 to 1. The mud grains in the 
pellets are of very fine size, generally 2 f  .or less. In 
most of the uniform miorite the mud grains are of a similar 
habit, but here and there are small patches in whioh the grain 
size is 5-8 f  . This produces a slight mottling effeot* In 
some layers pellet merging can be seen, and it is this process 
that lip probably responsible for all of the mioritia.

The bioraiorites are essentially a variation of miorite in 
whioh shells and shell fragments become important constituents 
of the rook (fig. 62). The miorite is a uniform grey, generally 
non-pyritio, and is often pelleted. Its grain size is rather 
variable from true mud grade of about 2 ̂  , to a fine silt of 
about 10 f  • Plane grain boundaries are the rule with many 
grains roughly pentagonal. Scattered throughout this fine
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mosaic are sdl ngle calcite crystals 20-30 ̂ - diameter, probably 

derive! from the comminution of sheila. The miorite usually 

conatitutes from 45-60$ of the rook.

Shell3 are mostly pelecyood, but some gastropods and 

rare ostraoods are also present. Peleoypods are often valves 

of variable size though seldom exceeding £ om. in length, and 

in places whole shells are present. Where broken, the ends 

of the sheila are angular. Shell thickness is very variable, 

up to 250 j*- , but depends on orientation which is usually

roughly planar parallel to the bedding. The original shell 

has been replaced by a mosaic of oalcite showing characteristics 

of a drusy cavity filling (Bathurst, 1958). The boundary 

between this druse and the surrounding micrite is sharp, and 

replacement must have post-dated lithifioation of the miorite.

Gastropods, too, liave had their shell replaced by a mosaic 

of drusy oalcite. The body chambers were often filled with 

miorite and thei* oasts now outline the shape of the shell, 

most of which are still whole (fig, 62). In a few cases 

the body chambers were filled by drusy «calcite, and subsequent 

replacement of the shell means that they are now seen as oiroular 

to elliptical patches of granular oaloite surrounded by micrite.

Calcareous worm-tubes are common, often as fragments but 

also as whole tubes with diameters up to 1 mm. They have a



Fig. 6<d. - Biomicrite: Shell fragments, now composed of drusy calcite crystals, 
in a aderite matrix. Mostly pelecypoda, but a gastropod cost is seen 
in the centre of the photograph.
Lower Purbeck. Mupe Bay.
Hard Cockle Beds.

Fig. 63* - Biosparite: Pelecypod fragments with a thin aderite envelope, gastro
pod casts, aderite pellets, lumps and quartz grains in a granular 
calcite cement.
Lower Purbeck. Mupe Bay.
Hard Cockle Beds.

Fig. 6*4. - Calcareous sandstone: Angular quartz grains and small micrite pellets 
in a granular calcite cement.
Lower Purbeck. Lulworth Cove.
Hard Cockle Bede.
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distinotive lamellar structure in transverse section, are dark 
brown in ordinary light, but show a strong ploochroism from 
straw yellow to brown in polarised light, This enables even 
small fragments to be reoognised. Sheas worms may have pro
duced some of the miorite pellets though the pelecypode and 
gastropods would also have contributed.

The pellets are of the same order of size as In the pel- 
miorites, and are notable for being strongly mottled and brown 
in colour, quite distinct from the miorite matrix*

Periodic turbulence is indicated by the presence of layers 
of silt - sand size quartz grains, and the presence in these 
layers of mud pellets with a thin oolitic coat. Small salt 
pssudomorphs are present in3thin section, seen as cubes of 
granular oaloite,
(ii) Origin. -

There are two distinct types of mud in these rocks. One, 
grey-brown to brown, the other uniform grey. The first is

‘ ‘ U S  Is ' - i d  i> Vasaooiated with the pure micrites and with pellets, the seoond: - soxros, oftS it 1® tmllis a matrix for the shell fragments. For the reasons given
in previous sections (p, 38 ) it is considered that the grey-

. ■ , - i i t  pseud os*os'-phs j o i s t s  both brown to brown mud passed through the gut of mud ingesting
animals, with a consequent reduotion in grain size. The
eimilarity in the size and shape of the mud grains in the
uniform miorite with those forming the pellets appears to be a
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possible confirmatory factor, and the origin of the micrite 
by pellet merging seems clear as all gradations from pelmicrite 
to pure micrite can be found.

The pyritisation of many of the pelleta due perhapa to a 
high organio content, and the consequent formation of a localised 
reducing environment also indicates their probable faeoal origin, 
and accounts for the pyrite disseminated throughout the miorite 
as being derived from the merging of these pellets. The for
mation of micrite as distinct from pelmiorite presumably de
pended upon the respective rates of sedimentation and lithi- 
fication (Dapples, 194?)#

This miorite is likely to have been derived from the gr̂ p 
mud seen in the hiomicrites, which has noticeably ooarser grain 
size and is almost invariably non-pyritie, There seems little 
doubt that some of this mud is derived from the comminution of 
shells. Downward gradation from large shells to smaller frag
ments to single crystals of 20-30 diameter ean be readily 
followed, Xt is impossible to say just how much mud was so 
derived. Algal fragments are very scarce, and it is unlikely 
that plants contributed very muoh to the formation of mud. On 
the other hand, the presenoe of salt poeudomorphs points both 
to evaporation and to salinity, and suggests that some of the mud 
at least was a physico-chemical preoipitate.
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The two types of mudstone are characteristic of two 
distinct environments. One, with grey-brown mud, in whioh 
shell fragments are generally absent, the other, with grey 
mudstone and abundant fossil remains. The planar orientation 
of the shell fragments, and the generally uniform nature of 
their miorite matrix, indicates little disturbance by scavenging 
or burrowing organisms• In the mierites and pelmiorltee on the 
other hand, the sediment was evidently turned over and ingested, 
perhaps many times, and any faunal remains destroyed. The 
lack of shell fragments here need not be indicative of con
ditions inimical to life, probably the contrary, but merely 
that scavenging was sufficiently great to destroy any remains* 
Suoh thorough turnover could only oocur if deposition were 
sufficiently slow, faster deposition generally resulting in 
the preservation of shell fragments and lamination (Dapples, 
1942)* The two types of rook therefore seem to reflect 
variations in the rate of deposition of the oarbonate mud, fast 
deposition leading to the production of biomiorites, slow de
position leading to the formation of micritea or x>elmioritea*

. I ; - - ■■■ ■ ' .. i tl . i

I colt, %! % ■ | ■ ■' i 1 I e I s OW ■ ■' . % I
■ ; |  ,. ,, • '' . • ; -■ f " "■ : ■ • ‘ • j'.J - - 1 . 'r '

(o) Petrology of the biosparites
i  ... I I . I * % ’ ’ . f  X - f f

(i) Patrograrhy. -
Palaeontologioally these are similar to the biomiorites,
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bat the fauna is generally in a granular calcite cement, though 
a little miorite may be present. The fossils are peleoypods, 
more abundant gastropods than in the biomioritea, ostraoods and 
serpulid worms* There ia considerable variation in both fossil 
content and in its state of preservation. Miorite pellets, 
algal fragments and quarts grains are also present (fig. 63)*

The peleoypods «5re of all sisea from fragments of 100-200 yU
length up to valves 8-10 mm* long. Shape ia mostly irregular

fand in general the edges of the fragments are rounded - distinct 
from those in the biomioritea. Some fragments oonsist of 
mosaics of oaloit# crystals, others of oaloite crystals and 
miorite. All, however, are outlined by an envelope of miorite 
or *du3t line* usually about 25 /*• thick but varying from 5-
100 ̂  , though this depends upon the angle that the thin-

$section outs the shell.
The oalcite mosaios have crystals of about 30 f  size with 

plane grain boundaries, and exhibit many of the features of 
drusy cavity fillings. Often, the miorite envelope is broken 
and the drusy fillings merge with the granular oaloite oament* 
Breakage must have occurred prior to the final cementation of the 
rook, as the presence of thin, whole valves shows that littls 
compaction took place and it would be difficult to account for 
breakage in a rigidly cemented fabric. The occasional presence



-94-

along the edge of unbroken micrite envelopes of small drusy 
crystals, which are absent from the broken edges, does indicate 
that a little cementation had probably occurred, but insuf
ficient to prevent breakage.

The partial micrite filling seen in some of the shell 
fragments is most probably an infilling of borings in the shell 
caused by algae or some invertebrate (fig* 63)* Olanoing 
sections through the micrite envelope may, in some casea, pro
duce the false impression that much of the shell has been re- 
plaoed by miorite.

Gastropods are identifiable as cast3 surrounded by 
granular oaloite oement (fig* 63)* Several genera are present, 
including species of Hvdrobia and Planorbis. Some beds contain 
an almost exclusively gastropod fauna, others only a few indi
viduals, The oasts may be of mlorlte, miorite and spar, or
light yellow calcite spar only. In thi3 latter case a fine
I ■ :'-ri y- ru•duet line* outlines the original shell, as with peleoypods.
Ho trace of the shell now remains as it has been replaced by a 
3rusy oaloite mosaic that merges into the granular cement, ana

.. . H .• i. c . . *_ *  - i  - X -» -.- v.“ ■•£ - '? «

but for the oasts of the body ohambsrs and the *duat line*, no
a -•* i s  ■ - -■■■'>■ ' I 'ft; ■■■•., 1 fetrace of the gastropod would now be visible,

- ■ i > ■ ■- - ' 5 ■ 1 tx. Ii * ■ " m s  ■: -Oatraoods are rare, and when present are whole, spar-ftiled
| | . j ’ J ; JJ . ■ ■ * - | — »• : O - ft ¿i"shells. Worm tubes are fragmentary and are frequently seen

ji . ■ til 11 I . 1 i ts . ' x ' ■ os t e ’ . % -Inside small lumps of miorite - as intraolasts. The pieces are
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readily distinguished by their brown colour and pleoohroism* 
Micrite pellets and lumps occur throughout but never make 

up more than 5-105« by volume of any rook* Many of the smaller 
pellets, 50-80 f*- size, may be faecal, and black pyrite specks 
are oommon within them though not invariable* Others are'' 1 e
algal, retaining vague filament outlines, while some are true 
intraclasts showing eroded and truncated internal structures; 
About 5$ by weight of most rocks in this group is of sand-sized 
quartz grains distributed evenly throughout* Many grains show 
small overgrowths of quartz on an original sub-rounded grain, 
which now appear to be angular.

The oement is usually of typical granular oalcite, though 
in a few places a little miorite is present* This is uncommon 
and presumably occurs where winnowing wa3 insufficient to re
move itr or perhaps where it filtered down from above*
(ii) Origin. -

The biosparites have every appearance of being ooquinas • - . ... ! . , swept together by current and wave action* Their field appear
ance, where they are frequently cross-bedded and ripple-
marked, is in agreement with this. It certainly appears that 
most of the shells are not in their orlgihal life envlornment• 
Their fragmental nature and rounded appearance supports this

y-J •_ t  ; - • Ijjr—.* ‘ »!' ■, -... ?; 1 \ ..y._ .fij- '4*1 ■ -.d " . t  ... f-view, but it is also possible that abrasion was caused not so
i j. i
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muoh b y  c o n t in u e d  l a t e r a l  t r a n s p o r t ,  a s b y  r e p e a t e d  t u r n o v e r  

i n  p l a c e , i n  a s u r f  o r  b r e a k e r  z o n e , s i m i l a r  t o  t h e  ro u n d e d  

o a l o a r e n i t e s  o f  th e  P e r s i a n  G u l f  ( H o u b o l t ,  1 9 5 7 ) .  S t r o n g  

c u r r e n t s  a r e  i n d i c a t e d  b y  th e  m u d s to n e  i n t r a c l a s t s ,  a p p a r e n t l y  

t o r n  u p  fr o m  s e m i - c o n s o l i d a t e d  l a y e r s  o f  m ud; a n d , a l s o ,  b y  

th e  u b i q u i t o u s  s a n d - s i z e  q u a r t s  s c a t t e r e d  t h r o u g h o u t  t h e  b e d s . 

T h e  r a r e  p re s e n c e  o f  m l c r i t e  show s c a r b o n a t e  mud t o  h a v e  b e e n  

p r e s e n t , b u t  u s u a l l y  u n a b le  t o  be d e p o s it e d  p e r m a n e n tly  b e c a u s e  

o f  t h e  w in n o w in g  n o t i o n  o f  t h e  o u r r e n t a .

f u  ;; . .j * ; 1 s :;r . 4 1  t e  leUc-

(A) Petrology of the oaloareous sandstones 
(*> Petrography. -

The distinction between sandy limestone and oaloareous 
sandstone is usually placed at 50# quarts and earbonate. As 
pointed out by PettiJohn (1948* p# 304)* a more »natural* 
boundary would be at 18# quartz, whioh is the least common 
ooourring quartsose limestone. In the Bard Cookie Beds the 
quartz content of this class varies from 35-55# and eo they may

• "  . ,i ; - , ■ 4 ■. ■

be called calcareous sandstones. They are usually orose-bedded• ■ - ' • lV * •

on a small (2-3 om.) soale.
The quartz grains are well sorted with a median size of

- \ . ■ . ■ ' ’ -■
110 ̂  varying from 90-130 ft- • In thin seotion the grains are
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a n g u l a r  (fig* 6 4 ). T h i s  is due b o t h  to replacement of quartz 

b y  calcite, and, in some cases, t o  the development of q u a r t z  

overgrowths on originally rounded grains. Most grains are 

clear, but a few contain abundant dark and unidentifiable 

inclusions. Stable heavy minerals are present including 

tourmaline, zircon, garnet and kyanite*

T h e  r e m a in d e r  o f  th e  r o c k  c o n s i s t s  o f  m i c r i t e  p e l l e t s ,  

o s t r a o o d  fr a g m e n t s  a n d , e s p e c i a l l y ,  b r o k e n  S e r p u l a  t u b e s . 

O c c a s i o n a l l y  a whole tu b e  is p r e s e n t  s h o w in g  th e  d ia m e t e r  t o  

b e  a b o u t  mm. T h e  m i o r i t O '  p e l l e t s  a r e  o f  t h e  same s i n e  r a n g e  

a s  th e  q u a r t s *  T h e y  a r e  g r e y  o r  b ro w n  and a r e  f r e q u e n t l y  

p e n e t r a t e d  b y  q u a r t s  g ra in s ? .  T h e  c e m e n t l a  g r a n u l a r  o a i b i t e ,  

th e  g r a i n  size depending u p o n  t h e  p a o k in g  o f  t h e  q u a r t s  and 

p e l l e t s *

( i i )  O r i g i n .  -

T h e s e  s a n d s to n e s  probsb l y  r e s u l t  fr o m  an i n o r e a s e d  s u p p l y  

o f  d e t r i t a l  q u a r t s  and a c c e s s o r i e s . T h e  s m a l l  s c a l e  c r o s s -  

b e d d in g  and m i o r i t e  i n t r a o l a s t s  p o i n t  t o  s t r o n g  c u r r e n t s  

p r e v a i l i n g  d u r i n g  d e p o s i t i o n .  In f o l l o w i n g  a n y  one b e d  fr o m  

w e s t t o  e a s t ,  i t  i s  fo u n d  t h a t  t h e  q u a r t s  c o n t e n t  d e c r e a s e s , 

s u g g e s t in g  a g e n e r a l  w e s t e r l y  o r i g i n  f o r  t h e  q u a r t z ,  b u t  t h i s  

i s  n o t  d e f i n i t e  w i t h o u t  n o r t h - s o u t h  o o n t r o l  as w e l l .

The r a p i d  a l t e r n a t i o n s  b e tw e e n  c a lc a r e o u s  s a n d s to n e s  and
.’„f *v ^  ? - ' * i • ' ’■ -fb n a : r jL
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oalcareoua shales at the base of the sequence is cyclic de
position, but; it is impossible to say what the cause might 
have been*

(e) Diageneais

As with the mud3tones described previously (p.73> ) 
lithlfication of the micrites and blomicrites in the Hard 
Cookie B e d s  was probably by inter-granular deposition of 
oarbonate, perhaps as a rim cement. The preservation in p la c e s  

of thin unbroken peleoypod valves shows little compaction to 
have occurred, so that pressure solution of grains is unlikely.

I t ,  : f i - /  /  ■$ t  if d  t t J ilithifioation of the biosparites and calcareous sandstones
: | | _ : )l ' i ; . , ' ' i \ ..appears to have proceeded in a similar manner, by the de- 
position of a granular oalcite oement.. . . - H  * •• j v  - "i % ^ & , b i .  S p *  .1& 1* j|> *Apart from the lithiflcation, the most obvious diagenetio■ . • . . . $ - - effect is the total loss of the internal struoture of the
shell fragments and their replacement by granular oaloite

. . . . . .  ' • ' ' ‘ ;mosaios. In the biosparites peleoypods are often only reoog-
nisable because of the presence of a thin micrite envelope
outlining the original fragment. At some time the aragonite' . ;• * • ' of the shell was removed and replaced by druay oaloite« As

| : j  , : . . . ..adduced above (p. 93 ) this must have been prior to the complete
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cementation of the rook, but quite probably after some initial 

cementation had occurred. In the biomicritea, on the other 

h a n d , the absence of any sign of collapse of the miorite matrix 
into the jireaumed cavity left by the removal of the aragonite, 

points to its having been at least partially lithified prior 

to solution.

(f) Lateral variation
There is a distinct lithological variation in the Hard 

Cockle Beds between Worbarrow Bay and Lulworth Cove* At both 
loealitiee the base of the sequence is poorly exposed, but 
appears to consist of inter-bedded calcareous shales and cal
careous sandstones* At Lulworth Cove, and Mupe Bay , the suc
ceeding sequence is one of miorites, biomiorites, calcareous 
sandstones and biosparites, the lattsr containing abundant 
peleoypods and gastropods* The Worbarrow Boy sequence, though 
containing abundant miorites and oaloareous sandstones - with 
some brsooiated layers in the miorites - is almost devoid of 
a fauna other than Sernula and ostraoods* Pelecypodo and 
gastropods are very rare* It is also apparent from the oommon 
presence in the miorites of oublo salt pseudomorphe that
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d e s s i o a t i o n  and h i g h  s a l i n i t y  was a f e a t u r e  o f  t h e  e n v ir o n m e n t 

a t  W o r b a r ro w , and th e s e  f a c t o r s  may w e l l  h a v e  been d e c i s i v e  i n  

d e t e r m i n i n g  th e  p a u c i t y  o f  fa u n a  t h e r e .  T h e  b r e c c i a t e d  mud

s to n e  l a y e r s  p r o b a b l y  r e f l e c t  th e  a c t i o n  o f  c u r r e n t s  b r e a k in g  

up s e m i - c o n s o l i d a t e d  and p e rh a p s  s u n - c r a c k e d  m i c r i t e  l a y e r s ,  

a f t e r  p e r i o d s  o f  d e s s i c a t i o n .

T h e  r e l a t i v e  a b u n d a n ce  o f  f a u n a  i n  t h e  l u l w o r t h  -  Mupe B a y  

r e g i o n , a l t h o u g h  i t  m ay n o t  a l l  be a c t u a l l y  i n  i t s  l i f e  e n 

v i r o n m e n t , i n d i c a t e s  t h a t  t h e r e ,  o r  n e a r b y , s a l i n i t y  was s u o h  

a s t o  e n a b le  p e le c .y p o d s  a n d  g a s t r o p o d s  t o  s u r v i v e .  T h e i r  s m a l l  

s i z e  may i n d i c a t e ,  h o w e v e r , t h a t  e v e n  h e r e  c o n d i t i o n s  w e re  n o t  

i d e a l  f o r  g r o w t h . T h i s  ch a n g e  o f  s a l i n i t y  may h a v e  b e e n  due t o  

d i l u t i o n  b y  r i v e r  w a t e r , o r  b y  r u n - o f f  fr o m  th e  l a n d .  T h e  

s u g g e s t i o n  ( p ,  ) t h a t  th e  b i o s p a r i t e s  w ere  a b r a d e d  i n  a

b r e a k e r  z o n e  w o u ld  a g re e  w i t h  t h e r e  b e i n g  a c o a s t - l i n e  n e a r b y *

I t  i s  u n f o r t u n a t e  t h a t  i t  i s  no l o n g e r  p o s s i b l e  t o  e xa m in e  

th e  e q u i v a l e n t  b e d s  f u r t h e r  w e s t , f o r  th e  p u b li s h e d  d e s o r i p -  

t i o n s  o f  t h e  s e c t i o n  a t  R id g e w a y  ( F i s h e r ,  1956? W o o d w a rd , 1895) 
g i v e  o n l y  v e r y  g e n e r a l  a c c o u n ts  o f  l i t h o l o g y .  T h e  b e d s a r e  

d e s c r ib e d  as ’ g r a n u l a r  l i m e s t o n e s , s h a le s  and m a r l y  l i m e s t o n e s , 

h a r d  s h e l l  l im e s t o n e s  and c o m p a c t c r y s t a l l i n e  l i m e s t o n e ’ ,  w h ic h  

w o u ld  seem  t o  s u g g e s t  a f f i n i t y  w i t h  th e  L u l w o r t h  a r e a  r a t h e r  

t h a n  W o r b a r r o w . A t  D u r l a t o r *  B a y , l i k e w i s e  now c o v e r e d , th e  

b e d s w ere  d e s c r i b e d  as ’ m a r l y  l im e s t o n e s  and s h a l e s *  ( B r i s t o w ,
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1 8 5 7 ) »  m ore like the W o rb a rro w  s e c t i o n , tout an  e x a c t  cor

relation of Durlston B a y  w i t h  b e d s to the east seems doubtful.

fh e s e  lateral v a r i a t i o n s ,  and their significance ,  a r e  dia- 

cussed further in section X V.
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S O F T  C 0 C K L2  A ID  M A R LY  F R E S H fA T S R  B2D3 

( a )  G e n e r a l  D e s c r i p t i o n

A b o u t 1 3 .5  m . t h i c k  a t  L u l w o r t h  C o ve  and Mupe B e y ,  th e s e  

b e d s t h i c k e n  t o  2 1  m . a t  W o rb a rro w  and up t o  32 m . a t  D u r l s t o n  

B a y , w h e r e , h o w e v e r , o n l y  th e  M a r l y  F r e s h w a t e r  B e d s  a r e  now 

w e l l  e x p o s e d . A t  a n y  one l o c a l i t y  th e s e  b e d s  make up  a b o u t 

o n e - h a l f  o f  t h e  L o w e r P u r b e c k . T h e y  show a  c o n s i d e r a b le  

chan ge i n  s e d i m e n t a t io n  fr o m  t h e  b e d s  b e lo w  c o n s i s t i n g ,  i n  

g e n e r a l  t e r m s , o f  o a l o i t e - m u d s t o n e s , s o f t  c a lc a r e o u s  s h a le s  

fin d , r a r e l y ,  o f  t h i n  b e d s  o f  s h e l l y  l i m e s t o n e . Due t o  t h e i r  

s o f t n e s s  t h e y  a r e  n o t  w e l l  e x p o s e d  and a r e  r e a d i l y  w e a th e re d  

( f i g s .  6 5 , 6 6 ) .  C o m p o s ite  s e c t i o n s  o f  c l o s e l y  a s s o c i a t e d  e x 

p o s u r e s  c a n , n e v e r t h e l e s s , be made t o  g i v e  an  a c c u r a t e  p i c t u r e  

o f  th e s e  b e d s  a t  e a c h  l o c a l i t y .

T h e y  a r e  g e n e r a l l y  e v e n -b e d d e d  w i t h  b e d s  o f  fr o m  5 - 5 0  

om . t h i c k n e s s , th o u g h  t h e i r  f r i a b l e  n a t u r e  u p o n  w e a t h e r i n g  may 

o b s c u re  t h i s .  F r e s h , m o s t o f  t h e  r o o k s  a r e  b l u e - g r e y ,  th o u g h  

a fe w  a r e  c r e a m , b u t  a l l  w e a th e r  t o  a l i g h t  g r e y  t h a t  i s  i n  

m arked c o n t r a s t  t o  t h e  b e d s  b e lo w  a n d  a b o v e  t h i s  s e q u e n c e .

T h e  r e c u r r e n c e  o f  t h i n  b e d s o f  b l a o k  o c l e a r e c u s  s h a le  a f f o r d s  

e v id e n c e  o f  o y o l i o  d e p o s i t i o n  i n  p a r t s  o f  t h e  s e q u e n c e . A t  

W o rb a rro w  a n d  D u r l a t o n  B a y , n o d u l a r  m asses o f  gypsum  a r e  

p r e s e n t  n e a r  t h e  lo w e r  p a r t  o f  t h e  s e c t i o n ,  b u t  t h e  e a s e  o f



Fig. 65. • Section of the Soft Cockle Beds showing the comparatively poor 
exposure.
Lower Purbeck. Lulworth Cove.

Fig. 66. - Poorly exposed section of Soft Cockle Beds. A few harder •marl' 
bands stand out.
Lower Purbeck Hupe Bay
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solution of the calcium sulphate results in poor exposure, 

and obscures the relationship with the surrounding rocks.

The occurrence of pellet, or breccia beds has been previously 

described (p. 17 ),

The beds in this sequence can be conveniently grouped 

into six classes.

Calcite-mudstones (Micrites)

Ostracodal and pellety mudstones 

Peleoypod and ostracod limestones 

"Pellet" beds 

Gypsum deposits 

Shales

(b) Petrology of the oaloite-mudstones (Miorites) 

and ostracodal and pellety mudstones 

(i) Petrography. -
- . / . -■ "i.  ̂ - • . ■ , •'* j. * » 1  '»

These are the most abundant rocks in the sequence, es

pecially in the Soft Cockle Beds, though becoming subordinate 

to pelecypod-ostraood limestones in the Marly Beds. Usually 

described as marls in previous studies, presumably on account 

of their soft and easily weathered nature, they rarely are.
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A t  W o rb a rro w  and t o  th e  w e s t m o a t b e d s  c o n t a i n  o n l y  5 - 1 0 $  b y  

w e ig h t  o f  m a t e r i a l  I n s o l u b l e  i n  d i l u t e  h y d r o c h l o r i c  a c i d ,  and 

f r e q u e n t l y  o n l y  1 - 2 $ .  The  b e d s  a t  D u r l s t o n  B a y  ( t h e  t o p  2 - 3  

m . o f  th e  S o f t  C o c k l e , and th e  M a r l y  F r e s h w a t e r  B e d s ) ,  h o w e v e r , 

u s u a l l y  c o n t a i n  a b o u t 20- 30$  i n s o l u b l e  m a t t e r ,  and i n  one c a se  

43$# and may be m ore a o c u r a t e l y  d e s c r i b e d  a s  m a r l s .

T h e y  a r e  t r u e  m u d s to n e s  w i t h  g r a i n  s i z e  o f  l e s s  t h a n  

3 - 4  ft ,  o n l y  r a r e l y  l a r g e r .  G r a i n  b o u n d a r i e s  a p p e a r  t o  b e  

p l a n e .  Com m only t h e  m u d s to n e s  a r e  l i g h t - b r o w n  i n  t h i n  s e o t i o n  

due p e r h a p s  t o  f i n e  d is p e r s e d  o r g a n i c  m a t t e r ,  w h ic h  r e m a in s  as 

a b ro w n  s l i m y  r e s i d u e  a f t e r  s o l u t i o n  i n  d i l u t e  a c i d .  T h i s  

o r g a n i c  m a t e r i a l  i s  r e a d i l y  o x i d i s e d  i n  S o h u l t z *  s o l u t i o n  

l e a v i n g  b e h in d  a  r e s i d u e  o f  v e r y  f i n e  q u a r t s  s i l t  and o l a y .

V e r y  f i n e l y  d is s e m in a t e d  p y r i t e  g r a n u l e s  1 0 - 1 5 f*. s i z e  a r e  

a b u n d a n t i n  s o s »  l a y e r s  b u t  a r e  n o t  g e n e r a l l y  com m on. F a r  

m ore common a r e  r o u n d  t o  i r r e g u l a r  s h a p e d  g r a n u l e s  8 - 1 4  f* 

i n  s i z e ,  t h a t  a r e  t r a n s l u c e n t  and r e d - b r o w n  i n  t h i n  s e c t i o n .

T h e  a p p e a ra n c e  and c o l o u r  s u g g e s t t h a t  t h e y  a r e  o r g a n i c  and some 

may be s p o r e s , b u t  t h e y  a r e  m ore p r o b a b l y  p a r t s  o f  i n s e c t  f r a g 

m e n t s , th e  c a r b o n is e d  w in g s  and e l y t r a  o f  w h ic h  a r e  a b u n d a n t 

o n  m any b e d d in g  p l a n e s .  ' r -

A  fe w  t h i n  © s tra c o d  v a l v e s  a n d  f r a g m e n t s  m ay b e  p r e s e n t ,  

b u t  a r e  r a r e .  T h e  m u d s to n e o  i n  g e n e r a l  a r e  d e v o i d  o f  l a m i n a t i o n ,
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th o u g h  t h e  o c c a s i o n a l  s h e l l  a n d  i n s e c t  fr a g m e n ts  do p ro d u c e  

f a i n t  l a m i n a t i o n  o n  a l i m i t e d  s c a l e .  S a l t  p s e u d o m o rp h s  a r e  

common i n  some b e d s and a p p e a r  i n  t h i n  s e c t i o n  as d r u s y -  

o a l c i t e  f i l l e d  c u b e s . Some i n t e r n a l  d i s t u r b a n c e  o f  t h e  mud

s to n e  i s  i n d i c a t e d  b y  t h e  o c c a s i o n a l  p re s e n c e  o f  s m a l l  » e y e s * 

o f  o a l c i t e  s p a r .  T h e s e  m u s t h a v e  b e e n  fo rm e d  a f t e r  a t  l e a s t  

p a r t i a l  l i t h i f i c a t i o n  o f  t h e  mud as t h e i r  b o r d e r s  a r e  s h a r p , 

and s m a ll  m u d s to n e  fr a g m e n t s  a r e  o f t e n  p r e s e n t  w i t h i n , th e m ,

A  fe w  b e d s  a r e  n o t i c e a b l e  f o r  t h e i r  s l i g h t l y  c o a r s e r  

g r a i n  s i z e .  T h e s e  h a v e  g r a i n s  o f  fr o m  4 - 3 p  and a r e  c h a r a c t e r 

i s t i c a l l y  cream  c o l o u r e d  i n  o u t c r o p , and m o re  t r a n s l u c e n t  i n  

t h i n  s e c t i o n .  T h e y  h a v e  a o o n c h o i d a l  f r a c t u r e .

T h e  . o s t r a c o d a l  and p e l l e t y  m u d s to n e s  a r e , i n  p a r t ,■' ’ - V *  ̂ v. * .
g r a d a t i o n a l  f r o m  t h e  o a l c i t e - m u d s t o n e s , b u t  i n  t y p i c a l  d e v e l o p -  

m ent a r e  m u d s to n e s  c o n t a i n i n g  e i t h e r  a b u n d a n t o s t r a c o d s , o r  

c a l c i t e - a u d  s to n e  p e l l e t s .  The o a t r a e o d s  may be c o m p le te  s h e l l s ,
i ‘ ’ '* -  • "• J,? ■ " -̂ -4 <■**.' % * ' r ■ ,.v, V .4

valves or fr a g m e n t s  ( f i g *  6 7 ) *  Where whole shells are present
~ • •• t v  .• , - *  j

t h e y  te n d  t o  be c o n c e n t r a t e d  i n  d i s t i n c t  l a y e r s ,  w h i l e  i n t e r -•• : t -■ .
v e n in g  l a y e r s  o f  m u d s to n e  c o n t a i n  o n l y  a  fe w  f r a g m e n t s . M o s t 

s h e l l s  a r e  s p a r - f i l l e d  b u t  a  fe w  h a v e  t h i n  f l o o r s  o f  l i g h t  g r e y  

o a l c i t e - m u d s t o n e . T h i s  i s  much l i g h t e r  i n  c o l o u r  t h a n  t h e  m u d -' “ -■ ai/.-* i • ¡ -■ • i.».*.
a to n e  m a t r i x .  S c a t t e r e d  t h r o u g h o u t  th e  m a t r i x  a r e  s m a l l  ( 5 -  

2 0jt- ) s i n g l e  o r y s t a l s  o f  y e l l o w -  c a l c i t e ,  u s u a l l y  s q u a r e  o r

■ ’ " ' * “ r'- ™ " ; "■ ‘1 w ' - t ■ t ' ‘ ■■ • b@ 1 S ■ : %
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r e c t a n g u i a r ,  t h a t  a r e  b e l i e v e d  t o  be p ie c e s  o f  b r o k e n  o s t r a o o d  

s h e l l .  R a r e l y ,  a fe w  s m a l l  f o r s m i n i f e r a  a r e  p r e s e n t , u s u a l l y  

c o n c e n t r a t e d  i n  t h i n  la m in a e  r a t h e r  t h a n  d is p e r s e d  t h r o u g h o u t  

th e  r o c k ,  t o g e t h e r  w i t h  c a l c i s p h e r e s  o f  a b o u t  3 0 f*- d i a m e t e r . 

Q u a r t z  g r a i n s  o f  u p  t o  30 f*- s i z e ,  th o u g h  u s u a l l y  l e s s ,  a r e  

o f t e n  p r e s e n t  i n  t h e  o s t r a c o d  l a y e r s ,  b u t  a r e  a b s e n t  i n  t h e  

m u d sto n e  l a m i n a e .

P e l l e t s  w i t h i n  a m u d s to n e  m a t r i x  ( p e l m i c r i t e s )  o f t e n  

fo r m  w e l l  d e f i n e d  l a y e r s  £ - 1  cm* t h i c k .  I n  t h i n  s e c t i o n  t h e  

p e l l e t s  h a v e  a g o ld e n -b r o w n  c o l o u r  t h a t  e n a b le s  th e m  t o  be 

e a s i l y  s e e n  e v e n  th o u g h  s u rro u x *d e d  b y  m i c r i t e  (s e e  P o l k ,  1959# 

p .  7 ) *  T h e r e  i s  a s l i g h t  d i f f e r e n c e  i n  g r a i n  s i z e  b e tw e e n  

p e l l e t s  a n d  m a t r i x .  T h e  p e l l e t s  a r e  fo rm e d  o f  g r a i n s  o f  2 yu 

and l e s s ,  th e  m a t r i x  o f  g r a i n s  2 - 6  /*■ s i z e .  P a l l e t  s i z e  i s  

v a r i a b l e ,  b u t  t h e y  a r e  oom m only f r o m  1 2 0 - 2 5 0  f*- d i a m e t e r , and 

up t o  7 0 0  p- l o n g .  M apy o f  th e  p e l l e t s  a r e  a lm o s t  c o m p l e t e l y  

p y r i t i s e d ,  u s u a l l y  w it h  a t h i n  o u t e r  r i m  u n a f f e c t e d .  T h i s ,  

and t h e  b ro w n  c o l o u r  s u g g e s t th e  p re s e n c e  o f  o r g a n i c  m a t t e r .  

U n l i k e  o t h e r  e x a m p le s  o f  p e l m i e r i t e  ( p . & ?  ) t h e r e  i s  no
• ^ ~ 'X gy ■ : " - • _.’T 4,!$ V. ^

■■ ' - -,f, ‘ " -t J . ■

b o u n d a r y  m e r g in g  o r  i n t e r p e n e t r a t i o n  t o  p ro d u c e  u n i f o r m  m u d - 

s t o n e , and p e l l e t  b a n d s  a r e  o v e r l a i n  b y  m u d s to n e  b a n d s  w i t h
• r, 4 • . . ■

s h a r p  j u n c t i o n s  b e t w e e n . I n  p la c e s  w here p e l l e t s  a r e  a b u n d a n t 

a f i n e l y  g r a n u l a r  o a l c i t e  cem e n t i s  o f t e n  p r e s e n t .  E t c h i n g  

w i t h  d i l u t e  a c e t i c  a c id  shows n o n - p e l l e t y  l a y e r s  t o  b e  r i c h e r



-107-

in non-carbonat o, and it ia possible that periodic influxes 

of non-carbonate mud inhibited pellet formation.

There is generally little fauna in the pelmicrites. A 

few oatracods may be present, and here and there fragments 

of Serpula tubes, while in a very few eases these tubes are 

abundant and form thin (2 cm,) layers. These often oontain 

casts of email Hvdrobia as well as a few pelecypod fragments. 

Serpula is usually associated with stabilised bottoms where 

little deposition is occurring (Tiling, 1 9 5 4, p. 22), and 

these layers therefore represent temporary breaks in 

sedimentation,

(ii) Origin. -

It is likely that much, if not all of the mud, was a 
physico-chemical precipitate, at least in the lower half of 

the sequence. The common salt-pseudomorphs show evaporation 

to have occurred, which implies conditions conducive to pre
cipitation. Contribution of mud from plants appears to have 
been minor, though as will be shown (p. ), algae are oc

casionally common in the Soft Cookie Beds, and in places, there
fore, algal mud may have been an important contributor to the 
sediment. The conditions of Balinity and evaporation, possibly 

with increased temperatures, makes it unlikely that there was a 
very abundant fauna - as the paucity of shells indicates - and 

shell oomrainution would not have been important in the formation 

of mud.

ISillil •



Fig. 67« - Spar filled ostracod shells and fragments in a micrite matrix. 
Black specks are finely disseminated pyrite.
Lower Purbeck. Worbarrow Bay.
Soft Cockle Beds.

Fig. 68. - Diagram of burrows in a micrite layer, one of which contains the 
cast of a small spired gastropod. The burrowing evidently took 
place in at least a semi-consolidated mud. Natural size.
Lower Purbeck. Mupe Bay.
Soft Cockle Beds.

Fig. 69> - Thin sandy laminae (stippled) in a micrite bed showing micro
scours or washouts. Small contemporaneous fault in thin micrite 
band (black). Natural size.
Lower Purbeck. 
Soft Cockle Beds

Mupe Bay
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The micrites differ but little from those deaoribed i n  

the Hard C o c k le  Beds (p. $ 7  ) ,  though they are perhaps m ore 

uniform and generally less pyritic. The comparatively high 

organic content may he due to turnover by burrowing and mud 

ingesting organisms, as in cases previously described.

C e r t a i n l y ,  t h e r e  i s  a d i s t i n c t  d i f f e r e n c e  b e tw e e n  t h e  mud o f  

t h e  m a t r i x ,  and mud t r a p p e d  w i t h i n  th e  c a v i t i e s  o f  o s t r a o o d  

s h e l l s *  T h e  l a t t e r ,  p r e s u m a b ly  p r o t e c t e d  f r o m  t h e  o u t s i d e  

e n v i r o n m e n t , i s  a lw a y s  l i g h t  g r e y  and o f  a o o a r s o r  g r a i n  s i z e  

t h a n  t h e  mud a a t r i x *  Z f  t h i s  m a t r i x  had b e e n  i n g e s t e d  one o r  

m ore t i m e s  b e f o r e  f i n a l  l i t h i f i o a t i o n ,  t h i s  m ay w e l l  a c c o u n t 

f o r  t h e  f i n e  s i z e  a n d  c o l o u r *  E v id e n c e  o f  b o r r o w in g  i s  o n l y  

p r e s e r v e d  w he re  i t  t o o k  p la c e  i n  a n  a t  l e a s t  p a r t i a l l y  l i t h i -  

f i e d  mud ( f i g *  6 8 ) ,  b u t  may w e l l  h a v e  o c c u r r e d  p r e v i o u s  t o  

t h i s *  I t  i s  n o t i o e a b l e  t h a t  i n  b e d s  l a c k i n g  o r g a n i c  m a t t e r ,  

cream  c o l o u r e d  i n  o u t o r o p , t h e  g r a i n  s i z e  i s  c o a r s e r ,  s u g g e s t

i n g  t h a t  l i t t l e  t u r n o v e r  o f  s e d im e n t o c c u r r e d *  T h e r e  i s  a «  

d i r e c t  e v id e n c e  t h a t  th e  m i c r l t e s  fo r m e d  a s  a  r e s u l t  o f  p e l l e t  

m e r g i n g , b u t  t h i s  i s  v e r y  l i k e l y  i n  v ie w  o f  t h e  p ro p o s e d  

o r i g i n  o f  g r a i n  s i s e  a n d  o d o u r *  «

P e l a i o r i t e a  o r i g i n a t e d  i n  a  s i m i l a r  m a n n e r , b u t  h e r o  th e  

p e l l e t s  h ad  s u f f i c i e n t  t im e  t o  becom e f i r m  o r  p a r t i a l l y  l l t h l -  

f i o d  b e f o r e  f i n a l  b u r i a l *  B r e a k s  i n  s é d i m e n t a t i o n  a r e  i n d i o a t o d

. v C 4  i ' H . % '! ; *  | *  < ' ’ &  I »  1
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both by tho Serpula layers, and by the presence in some beds 

of micro-wa3hou.t3 and scours along laminae (fig* 57).

( o )  P e t r o l o g y  o f  th e  p e le c y p o d  and o s t r a o o d  l im e s t o n e s  

( t )  P e t r o g r a p h y .  -

T h e s e  a r e  common o n l y  i n  t h e  M a r l y  F r e s h w a t e r  B e d s * T h e y  

a r e  v a r i a b l e  i n  c h a r a c t e r  b u t  u s u a l l y  c o n s i s t  o f  e i t h e r  p e l e -  

o yp o d  v a l v e s  and f r a g m e n t s , o r  o f  00 t r a c o d s , u s u a l l y  i n  a  

m i o r i t e  m a t r i x  b u t  s o m e tim e s  i n  a g r a n u l a r  o a l c i t e  c e m e n t*

P e le a y p o d s  o c c u r  a s  f r a g m e n t s , s i n g l e  v a l v e s  a n d , r a r e l y ,  

a s  w ho le  s h e l l s .  F r a g m e n ts  a r e  g e n e r a l l y  l a r g e  ( u p  t o  6 m m .)
i v j . r>A t;'- . ..l, t- . - •

w i t h  v a l v e  h in g e s  o f t e n  p r e s e r v e d , w h i l e  t h e  e d g e s  o f  t h e  

v a l v e s  a r e  a n g u l a r j  a l l  c r i t e r i a  p o i n t i n g  t o  th e  l a c k  o f  

a b r a s i o n . T h e  oc o a e i o n a l  p re s e n c e  o f  s m a l l - s c a l e  ( 1 - 2  o m .)  

c r o s s - b e d d i n g , show s t h a t  some b o t t o m  t r a c t i o n  d id  t a k e  p l a o e .  

F r a g m e n ts  i n v a r i a b l y  show good p l a n a r  o r i e n t a t i o n  t o  t h e  b e d -  

d i i ^  ( f i g .  7 0 ) .  O n l y  r a r e l y  i a  a n y  o r i g i n a l  s h e l l  s t r u c t u r e  

p r e s e r v e d , th e  f r a g m e n t s  now b e in g  m o s a ic s  o f  o a l o i t e  c r y s t a l s ,  

w h ic h  may be c l e a r ,  o r  o paq u e  and b ro w n  w i t h  a  s t r o n g  p l e c -  

o h r o ie m . T h i s  p le o o h r o is m  i s  e s p e c i a l l y  n o t i c e a b l e  i n  t h e  

M a r l y  B e d s  and i a  o n l y  r a r e l y  s e e n  b e lo w  th e m .

W htn o a m e a tid  i n  a p a r , th#  p e la o y p o d  f r a g m e n t s  a I w a y «  h a r t  

% . • : - ' % ; “1 ... 1 ̂
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a thin micrite envelope which iaay be on one side of the valve 

only, but is usually on both* A little pyrite is present in 

localised patches such as the underside of a shell fragment, 

but is generally absent. This is in marked contrast to beds 

with a micrite matrix where disseminated pyrite is common.

This micrite is often brown in thin section, apparently rich 

in organic matter. I t  may be in the form of a uniform mud o r  

as pellets, while micrite intraciasts are often common. Any 

miorite found within a shell cavity is always a much lighter 

colour than that outside of the shell. In some beds, h o w e v e r , 

all the m i o r i t e  is light grey.

Gastropods occur in these rocks, chiefly Planorbia. with
r •

some spired types, but they are not common. Very rarely, for--4 * . . & . •  ■ - ■ . : - • ' •  .. .*• v  . -jf. . . •#&>/*■ ’’i ' ,« ■■ ■
aminifera are present. The amount o f  shell material varies 

from as little as 5$ to as much as 80fa b y  volume of the rock#

While not mutually exclusive, it is a  general rule that a n
■ y -

abundance of pelecypods means fe w  ostraoods, and v i c e - v e r s a .

O a t r a o o d s  o c c u r  b o t h  w h o le  and a s  v a l v e s  o r  fr a g m e n ts #

'Whole s h e l l s  a r e  g e n e r a l l y  s p a r f i l l e d ,  th o u g h  a fe w  o o n t a i n  

m i c r i t e «  Where a b u n d a n t ,  s h e l l s  a r e  w e l l  o r i e n t e d  w i t h  t h e i r  

l o n g e s t  a x i s  p a r a l l e l  t o  t h e  b e d d in g «  V a l v e s  a n d  f r a g m e n t s , 

t o o ,  a r e  p l a n a r  o r ie n t e d #  M an y b e d s  o o n t a i n  l i t t l e  e l s e  h u t  

o s t r a o o d  s h e l l s  a n d  f r a g m e n t s , w i t h  b a t  i  m inim um  o f  c e m e n t.

A fe w  s h e l l s  may be s l i g h t l y  f l a t t e n e d  i n d i c a t i n g  r a p i d  b u r i a l  

and c o m p a o t io n , b u t  m o s t a r e  n o t  and w e re  p e rh a p s  q u i c k l y  f i l l e d
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by drusy oalcite spar which provided rigidity.

Small bone fragments occur in places and most beds contain 

small amounts of quartz grains. These are usually of fine sand 

to silt size (less than 65/*- ), and often very well rounded.

Chert is present in small amounts in some of the peleoypod 

limestones. It is secondary, and has replaced both shells and 

cement in two different ways. Shells have been replaced by 

fibrous ohalcedonic quarts, brown in colour and often spheru- 

litic. Cal cite cement is replaced by odourless micro- 

crstalline quarts, often with wavy-fibrous extinction. C h e r t  

is confined to thin layers, seldom more than 2 cm. thick, w i t h  

the remainder of the rook showing shell fragments and some 

micrite pellets in a spar cement. Hi or it e pellets are re

placed by micro-crystalline quartz producing an almost isotropic 

aggregate. Chertification appears to be confined to beds i n  

which the cement waa granular eaicite^ Full discussion of this 

process is given below (p. )* A few beds in the Marly Beds

contain fragments of the stonev/ort Ohara, a carbonate secreting 

alga. These occur near the top of the sequence.

(ii) Origin» -
These types are not common, but the comparative abundance

of fauna is related to changes in the environmental conditions,
: ; !... ■. * - -y- - ■ . * “ : : ^

reflected to some extent in the original naming of the Marly

Freshwater Beds. Thin beds of shell limestones are, however,
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alao present In places in the Soft Cockle Beds,
Many of the pelecypods would seem to be In, or close to, 

their life environment, as they are whole shells with the 
valves still closed. The ease with which pelecypod valves 
normally open and are separated after death shows that in 
these oases little or no transportation oould have occurred.

As in the Bard Cookie Beds, variation in salinity, or 
temperature, or both, is the most probable canse of the in
crease in fauna, an amelioration of conditions allowing pele- 
oypoda and gastropoda to inhabit previously unfavourable areas. 
This change is particularly shown in some of the beds near the 
top of the sequence where fragments of the freshwater alga 
Chara are found in the mud matrix. Much, if not all, of the 
mud was, in these cases, produced by algal activity. Else
where, particularly in some of the ostracod limestones, it is 
evident that shell comminution was an important agent in the 
formation of mud, as all gradations from discrete shell frag
ments down to mud oan be seen, Mostly, however, there ia a 
noticeable laok of breakage of peleoypod shells, and the mud in 
these cases is again more probably a physico-chemical precipi
tate, Where whole ehells and valves are present, the mud 
matrix is nearly always light grey with a grain size of 4— 6 p- , 

and does not appear to havebeen disturbed or Ingested, This 
• r * . i : - 3_ : v u r i - ’’  • 1 .  m
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w o u ld  c e r t a i n l y  a g re e  w i t h  th e  l a o k  o f  b re a k a g e  o f  t h e  s h e l l s .  

Where b r o k e n  p e le c y p o d  s h e l l s  and s h e l l  f r a g m e n t s  a r e  aommon, 

t h e n  t h e  mud i 3  m ore o f t e n  a b ro w n  c o l o u r  w i t h  g r a i n s  o f  l e s s  

t h a n  4 ^  s i z e ,  s u g g e s t i n g  t u r n o v e r  b y  mud i n g e s t i n g  a n i m a l s .

I t  i s  e v i d e n t  fr o m  t h e  p r e c e e d in g  d i s c u s s i o n  t h a t  n o  s i n g l e  

o r i g i n  ca n  be g i v e n  f o r  th e s e  b e d s . S e v e r a l  d i f f e r e n t  e n 

v ir o n m e n t s  a p p e a r  t o  be i n v o l v e d ,  and e a ch  b e d  m u s t be e xa m in e d  

on i t s  own m e r i t s .  W hat i s  i n d i c a t e d ,  i s  t h a t  th e  g e n e r a l l y  

e v a p o r l t i o  c o n d i t i o n s  o f  t h e  l o w e r  h a l f  o f  t h e  s e q u e n c e  g i v e  

way t o  a l e s s  s a l i n e  and e v e n t u a l l y  a lm o s t f r e s h w a t e r  e n v i r o n 

m ent i n  th e  M a r l y  F r e s h w a t e r  B e d s .

( d )  P e t r o l o g y  o f  t h e  " P e l l e t "  b e d s  

( i )  P e t r o g r a p h y .  -

Some o f  th e s e  a r e  v e r y  s i m i l a r  t o  t h e  p e l l e t y  m u d s to n e s  

p r e v i o u s l y  d e s c r i b e d  ( p . b u t  t h e r e  a r e  s u f f i c i e n t  d i f 

f e r e n c e s  t o  w a r r a n t  s e p a r a t e  d e s c r i p t i o n .  Th e  b e d 3  v a r y  f r o m  

p e l s p a r i t e s  t o  th e  l a r g e - i n t r a c l a s t  b e d s  d e s c r i b e d  o n  page ;

H i  .  T h e  one c o n s t a n t  f e a t u r e  i s  t h e i r  a s s o c i a t i o n  w i t h  

a l g a e .

I n  t h e  p e l s p a r i t e a ,  p e l l e t s  v a r y  fr o m  1 0 0 - 2 5 0 ^  i n  d i a m e t e r ,

a r e  r o u n d , and s p h e r i c a l  t o  e l l i p s o i d a l .  C h a r a c t e r i s t i c a l l y



-114-

they are golden brown, and somewhat mottled in thin section, and 

some contain silt sized (10-15f*- ) quartz grains (fig. 71).

Pellets sometimes interpenetrate one another due to pressure 

solution, but true merging is rare. Mud grains in the pellets 

are almost always less than 2 j*- size. Scattered throughout 

the beds are lumps of calcite-mudstone § mm. and upwards in 

size, containing well preserved spar-filled algal filaments.

The mud is a light grey and of slightly coarser grain size 

(4-5^t). Several klnd3 of algae are present. An Ortonella. 

with well branched and separate filaments 25-30 j*- diameter, 

a different form from that of the Hard Oap (p. 2 ?  ), a 

Qirvane11a of about 100 ^  diameter, and stromatolitio types, 

though these are rare in beds with finer sized pellets# Salt- 

X)seudomorphs are abundant in hand specimens, and are often 

found as well developed hopper crystals up to l£ om. length# 
Parely, too, small dessioation cracks can be found#

In other beds pellet3 are subsidiary to intraclasts.

These may be formed of accumulations of pellets or, more 

commonly, of uniform micrite. They are up to 2-3 cm. length 

and almost & cm. thick, frequently with a thin algal mudstone 

coating# This is readily distinguishable by its grey to cream 

colour as compared to the brown of the intraclast. It may 

almost completely enclose the intraclast, or usually be developed

only on one side. Very wall preserved filaments of Ortonella



Fig, 70. - Micrite rimmed pelecypod fragments showing good planar orientation and 
some micrite pellets, in a granular calcite cement.
Lower Purbeck. Durlston Bay.
Marly Freshwater Beds.

Fig. 71» - Fairly well-sorted micrite pellets with a few larger micrite lumps in 
a granular calcite cement. Mote the presence of small inclusions of 
silt size quartz grains in the pellets.
Lower Purbeck. Fossil Forest.
Soft Cockle Beds.

Fig. 72. - Coating of Ortonella around a micrite lump in a 'pellet* bed.
Mupe Bay.Lower Purbeck. 

Soft Cockle Beds
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a r e  common ( f i g ,  7 2 ) ,  w h i l e  s t r o m a t o l i t i o  l a y e r s  a r e  n o t  i n 

f r e q u e n t .  M an y o f  t h e  i n t r a a l a s t s  and a s s o c i a t e d  p e l l e t s  

c o n t a i n  a b u n d a n t d is s e m in a t e d  p y r i t e .  T h i s  t y p e  o f  bed i s  

i n t e r m e d i a t e  b e tw e e n  t h e  p e l s p a r i t e s  a n d  th e  f i r s t  p e l l e t  

bed u s e d  f o r  c o r r e l a t i o n  ( L C  2 2 ; WB 4 5 ) .

I n  t h i s  b e d  i n t r a c l a s t s  a r e  m o re  a b u n d a n t and much l a r g e r ,  

up t o  5 cm . i n  l e n g t h  and o c c a s i o n a l l y  m o r e , and 1 - 2  cm . t h i e k .  

Th e  m a j o r i t y  a r e  o f  n i e r i t e  w i t h  seas tim e s  a few t h i n  s h e l l  

fr a g m e n t i n c l u s i o n s ,  and i n  p l a o e s , s m a l l  c u b i c  s a l t  p s e u d o -

m o r p h s . D is s e m in a t e d  p y r i t e  i s  oommon t h r o u g h o u t  and m any
■■ ' ■ :  , e-i . . In- a*„m* uzlorr; .

h a v e  t h i n  ( 1 0 - 2 0 / * )  r im s  o f  p y r i t e ,  u s u a l l y  o o n f i n e d  t o  o n e

s id e  o f  t h e  i n t r a c l a s t .  A v e r y  f e w  h a v e  a  t h i n  c o a t  o f  a l g a l
*'*'* ’ - ' "" " '-sifted .*--i ;-a a »par

m u d s to n e  b u t  t h i s  i s  uncom m on. T h e  i n t r a c l a s t s  a r e  i n  a m a t r i x
ss -ME'- i i ’ tod under the n fIn o n ce  o f
o f  r o d  l i k e  m i o r i t e  p e l l e t s  1 0 0 - 2 0 0  ^  d ia m e t e r  w h ic h  a r e  a l s o

h i g h l y  p y r i t i s e d .  B r o k e n  w orm  t u b e s , s m a ll  H v d r o b i a  and a fe w
errf letter: -

p e le c y p o d  f r a g m e n t s  a r e  a l s o  p r e s e n t .  T h e  l a r g e r  i n t r a o l a s t s

o f t e n  show  f i n e ,  d o w n w a r d -n a r r o w in g  o r a c k s  c o n f i n e d  t o  one
’ ' 1 . * e >«ni as&3

s u r f a c e  of t h e  f r a g m e n t , p r o b a b l y  fo rm e d  b y  d e s s i o a t i o n .
- ■ - ■ it? v-cv’3 ‘ b ■... , - -i i ii. T ■■ i t  f

The  se co n d  bed u se d  i n  c o r r e l a t i o n  ( L C  2 9 ; 5 3 ) ,  o o n -
- Uid I I Li € 2  #6 ¡.IS  B :ib g  - ' f  . ;v i

t a i n s  l a r g e  a l g a l  i n t r a c l a o t s  and o n l y  a fe w  m i o r i t e  p e l l e t s .

T h e  a l g a l  f r a g m e n t s  a r e  up t o  5 om . lo n g  and £ - l £  c m . t h i c k .
• - 1' if, *r ow i'cjri.'T ior i ¿ *  e**i \ r

S t r o m a t o l i t i o  fo ir o s  a r e  v e r y  common ( f i g .  H  ) ,  a s  wel 1  a s  
- ; - »«*# - ■ ml
O r t o n s  1 1 a  ( d i a m e t e r  3 5 -4 0  M  and p o s s i b l y  G i r v a n e l l a .  M a n y
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of the fragments contain worm borings. These were formed prior 

to fragmentisation, as the worm tubes are often truncated by 

the intraclast boundaries. Broken worm tubes occur in  the matrix, 

with smaller algal fragments and some light grey micrite 

pellets#

The cement in all these forms of pellet bed is almost in

variably of typical granular calotte* Only rarely is any 

calcite-mudstone present, presumably where unwinnowed.

( i i )  O r i g i n .  -\ c  ... . X  .. v  ii,i'; ;r ii-i i
In the pelsparites, * a p e ,  colour, grain size and internal 

structure of the pellets point to their being faecal. The fact 

that they are generally fairly well-sorted and in a spar cement, 

seems to show that they accumulated under the influence of some 

fora of current, and this is to some extent confirmed by a 

tendency for the pellets to develop a preferred orientation - 

seen on bedding planes - with their long axes sub-parallel to 

one another. Their association with recognisable algal frag

ments does suggest a second possible origin. The pellets may 

be the mud filled cells and gametooysts of Dasycladacean algae.

Mud pellets so formed have recently been described by Osgood
.. . t% , ■ ’• . I  ■ 5 s  ... 1-1 '8 3

and Fischer (I960). From their description it is evident that

the mud forming the pellets is generally of similar morphology
* * . * . . . . . .  ***■ ',«. .■■ v 1 . . .a  '■ ■.... „  * “

to the mudstone now surrounding them. In the present oase, the
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difference in the colour and grain size (2yu. or leas) of the 
pelleted mud, and that of many associated unpelleted mud (4*5^ ), 
does point to their having been produced by some process causing 
grain reduction, such as faecal pelleting, rather than by mere 
infilling of cavities.

The origin of the mud itself is problematical. The presence 
of oaloareous algae shows that some must eertainly have been de
rived from algal activity. Evidence of evaporation in the form 
of suit pseudomorphs and dessication cracks also indicates that 
physico-chemical precipitation was likely too, but the relative 
importance of these processes cannot be determined.

Inorease in the amounts of miorite intraolasts present 
implies conditions of increased turbulence, during which the 
fragments were torn from previously deposited end probably 
partially lithified beds. Ultimately, conditions were suoh as 
to lead to the formation of the correlation bed LQ 22 - WB 45» 
This is in effect a flat-pebble conglomerate, with the pebbles 
being miorite intraolasts. The abundanoe of pyrite in theae, 
although they are now in a spar cement and were presumably 
deposited under conditions of free movement of water, implies 
anaerobio conditions when the miorite was first deposited, 
prior to the formation of the intraclasts. This is reflected, 
too, in the pyritised pellets. The probable dessication cracks 
and occasional algal coats suggest that we are here dealing
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w i t h  a n  i n t e r - t i d a l  rand f l a t  e n v i r o n m e n t . L a y e r s  o f  c a r b o n a t e  

mud l a i d  dow n i n  s h a ll o w  w a te r  w ere p e r i o d i c a l l y  e x p o s e d  and 

sun c r a c k e d , a n d  t h e  r e s u l t a n t  fr a g m e n t s  t o r n  up a n d  r e 

d e p o s it e d  d a r i n g  s u b s e q u e n t s u b m e rg e n c e *

A  s i m i l a r  e n v ir o n m e n t i s  p ro p o s e d  f o r  th e  se co n d  c o r 

r e l a t i o n  bed ( L C  2 9 , WB 5 3 ) *  H e r e , h o w e v e r , i t  i s  e v i d e n t  t h a t  

r a t h e r  t h a n  mud b e i n g  d e p o s i t e d  m e c h a n i c a l l y , s e d im e n t t r a p p i n g  

s t r o m a t o l i t e - p r o d u c i n g  a lg a e  w ere  a b u n d a n t , a n d  fo rm e d  s t r u c 

t u r e s  c o m p a ra b le  t o  t h o s e  d e s c r i b e d  b y  B l a c k  ( 1 9 3 3 )  and 

G i n s b e r g  ( I 9 6 0 ) «  W orm s, b o t h  s o f t  b o d ie d  and c a l c a r e o u s , a r e  

o f t e n  a b u n d a n t and b u r r o w  t h r o u g h  a l g a l  d e p o s i t s  ( G i n s b e r g , 

i 9 6 0 ) ,  and i t  i s  e v i d e n t  t h a t  i n  t h e  p r e a e n t  e a s e  c a lc a r e o u s  

a e r p u l i d  worms w ere  common« S u b a e r i o l  d e s e l e c t i o n  o f  t h e  

s t r o m a t o l i t e s ,  f o l l o w e d  b y  r e - s u b m e r g e n c e , was s u f f i c i e n t  t o  

c a u s e  f r a g m e n t a t i o n  o f  t h e  l a y e r s .

T h e  a l g a e  p r e s e n t  i n  t h e s e  b e d s , s t r o m a t o l i t e s ,  G i r v a n e l l a  

and O r t o n e l l a .  a l t h o u g h  o f  d i f f e r e n t  s p e c i e s  a r e  o f  s i m i l a r  

g e n e r a  t o  t h o s e  fo u n d  i n  t h e  H a r d  G ap  ( p .  2®  ) ,  a n d  i t  i s  n o t  

u n r e a s o n a b le  t o  p o s t u l a t e  s i m i l a r  e n v i r o n m e n t a l  c o n d i t i o n s .

T h a t  i s ,  t i d a l  f l a t s  o n  t h e  b o r d e r  o f  a l a g o o n , w i t h  s a l i n i t i e s  

s l i g h t l y  a b o v e  t h o s e  o f  n o r m a l m a r in e  c o n d i t i o n s .
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( f ) P e t r o l o g y  o f  th e  gypsum  b e d s  

( 1 )  P e t r o g r a p h y « -

Gypsum occurs as nodular and l a y e r e d  masses m a r  t h e  

base of the sequence at Purlston B a y  and forbarrow B a y  (fig.

7 3 ) *  Much w e a th e re d  and c o v e r e d , i t  I s  i m p o s s i b l e  t o  d e t e r 

m ine th e  t r u e  r e l a t i o n s h i p s  t o  th e  s u r r o u n d i n g  b e d s *  Two 

t y p e s  of gypsum  a r e  p r e s e n t .  F i b r o u s  s e l e n i t i o  » b e e f *  o r  s a t i n  

s p a r , a n d  c o a r s e  m o s a ic s  of a l a b a s t r i n e  g y p su m * B o t h  a r e  

r e a d i l y  d i s t i n g u i s h a b l e  i n  h a n d  s p e c im e n s «

I n  t h i n  s e c t i o n ,  t h e  a l a b a s t r i n e  v a r i e t y  shows a s  c o a r s e  

c r y s t a l s  4 -5  mm. i n  l e n g t h ,  w i t h  v e r y  i r r e g u l a r  s u t u r e d  g r a i n  

b o u n d a r ie s  ( f i g .  7 4 ) .  T h e s e  o z y s t a l s  a r e  f u l l  o f  s m a l l  i n 

c l u s i o n s  ( u p  t o  1 0 0  l o n g ) ,  m any o f  w h ic h  a r e  a n h y d r i t e ,  as 

shown b y  s h a p e , r e f r a c t i v e  i n d e x  and h i g h  b i r e f r i n g e n c e ;  b u t 

so m e, S h o w in g  lo w  b i r e f r i n g e n c e  c o l o u r s ,  a r e  p e rh a p s  m in e r a l s  

s u c h  a s  o e l e s t i n e *  T h e s e  i n c l u s i o n s  a r e  o f t e n  w e l l  o r i e n t e d ,  

so m e tim e s  i n  one d i r e c t i o n ,  b u t  f r e q u e n t l y  i n  tw o d i r e c t i o n s  a t  

r i g h t  a n g l e s . T h e s e  a lm o s t c e r t a i n l y  i n d i c a t e  t h e  r e c t a n g u l a r  

c le a v a g e  d i r e c t i o n s  of a n h y d r i t e .  A ro u n d  n e a r l y  a l l  o f  t h e  

c r y s t a l s  i s  a t h i n  ( 3 5 - 4 0 ^ )  i n c l u s i o n  f r e e  b o r d e r ,  a  phenom enon 

a l s o  n o te d  b y  F o r b e s  ( 1 9 5 8 , p .  3 5 4 ) i n  gypsum  c r y s t a l s  fr o m  

th e  P e r m ia n  of Y o r k s h i r e .  T h e  s u t u r e d  c o n t a c t s  o f  t h e s e  

c r y s t a l s  a r e  r e c t a n g u l a r  an d  f o l l o w  th e  o le a v a g e  d i r e c t i o n s  

i n d i c a t e d  b y  th e  i n c l u s i o n s  ( f i g .  7 4 ) .  A  fe w  o f  t h e  s m a l l e r  

c r y s t a l s  a r e  i n c l u s i o n  f r e e .



Fig. 73. - O u t c r o p  of  f i b r o u B - n o d u l a r  g y psum. T h e  w h i t e  b a n d s  a r e  f i b r o u s  
layers.
Lower Purbeck. Worbarrow Bay.
Soft Cockle Beds.

Fig. 7*+« - Photomicrograph (crossed nicols) of alabastrine gypsum. Note the 
large number of inclusions within each crystal, and the sutured 
crystal boundaries showing rectangular form.
Lower Purbeck. Worbarrow Bay.
Soft Cockle Beds.

Fig. 73* “ Shales and 'marls* of the Soft Cockle Beds. The dark beds crossing 
the centre of the photograph are black-weathering clay shales.
Lower Purbeck. Fossil Forest.
Soft Cockle Beds.
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T h e  f i b r o u s  gypsum  i s  i n  th e  fo r m  o f  b a n d s  up  t o  s e v e r a l  

c e n t i m e t r e s  t h i c k ,  f i b r e s  a r e  n o r m a l t o  t h e  a p p a r e n t  b e d d i n g . 

F i b r e s  a r e  8 - 1 0  f*- w i d t h , and up t o  50 /*■ l o n g ;  t h e y  a r e  f r e e  

o f  i n c l u s i o n s .  The  f i b r e s  a r e  n o t  s t r a i g h t ,  b u t  a r e  s l i g h t l y  

f l e x u r e d ,  and so m e tim e s r u p t u r i n g  h a s  o c c u r r e d  w i t h  th e  p r o 

d u c t i o n  o f  s m a l l  s c a le  c o n e - i n - c o n e  s t r u c t u r e «  C r o s s e d  n i o o l s  

and a  s e n s i t i v e  t i n t  show  a good p r e f e r r e d  o r i e n t a t i o n  t o  b e  

p r e s e n t , A  fe w  s m a l l  tw in n e d  ( e w a ll o w  t a i l )  c r y s t a l s  o c c u r , 

f o l l o w i n g  H o t t u r a ' s  r u l e  ( t h a t  i s ,  t h e  t o p  V  o f  t h e  s w a llo w  

t a l l  p o i n t s  d o m w a r d s )  b u t  th e s e  a r e  n o t  eoam on«

( i i )  O r i g i n .  -

I t  i s  u n f o r t u n a t e  t h a t  t h e s e  g yp su m  m asse s a r e  s o  p o o r l y  

e x p o s e d , a s  i t  w o u ld  be i n t e r e s t i n g  t o  k n o w  t h e i r  c o n t a c t  

r e l a t i o n s h i p s  w i t h  t h e  s u r r o u n d i n g  r o o k s . I t  i s  a lw a y s  p o s 

s i b l e ,  f o r  i n s t a n c e , t h a t  t h e  g yp sum  was o r i g i n a l l y  u n i f o r m l y

b e d d e d , b u t  t h a t  d u r i n g  T e r t i a r y  f o l d i n g  f l o w  t o o k  p la o e  t h a t
% y„v or f-hw a ■> t.h, lento? c.o byd* c *

c a u se d  I t  t o  f o r m  t h e  n o d u l a r  m a s s e s . Hone t h e  l e a s ,  i t  i s

e v i d e n t  t h a t  t e r e  i s  a  l a r g e  am ount p r e s e n t ,  s u f f i c i e n t  a t
..> K :'t. Vi

one t im e  t o  h a v e  b e e n  m in e d  a t  D u r l s t o n  B a y  f o r  t h e  p r e p a r a t i o n

o f  P l a s t e r  o f  P a r i s ,  and i t  i s  n e c e s s a r y  t o  a c c o u n t f o r  i t s
' . >t rt- « , ?91 ■■ s

p r e s e n o s . T h e  c a l o i t e  p seu do m o rp h s a f t e r  g yp su m  n o te d  e l s e -  
: - . m : > • L 1 ? I m  St » sw* o f  "

w here i n  th e  l o w e r  P u r b e o k , and t h e  e v id e n c e  o f  a n h y d r i t e  r e -
: " 9

p la c e m e n t ( p .  £ ) ,  shows c a lc iu m  s u l p h a t e  t o  h a v e  b e e n  com m only
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p r e s e n t  i n  t h o s e  r o c k s  p r i o r  t o  l e a c h i n g  and i t s  r e m o v a l  b y

g ro u n d  w a t e r *  T h e  s u b - s u r f a c e  P u rbeck s e c t i o n s  show n o n  Map I

n e a r l y  a l l  c o n t a i n  a n h y d r i t e  o r  gypsum  i n  t h e  s e q u e n c e , so we

a r e  n o t  d e a l i n g  i n  D o r e e t  w i t h  a  p u r e l y  l o c a l  p hen om enon *

S e a  w a t e r  m u st be c o n c e n t r a t e d  b y  a  f a c t o r  o f  3 *3 5  t o

o b t a i n  s a t u r a t i o n  w it h  r e s p e c t  t o  c a lc i u m  s u l p h a t e  ( P o s n j a o k ,

1 9 4 0 ) ,  when i t  h a s  a  c h l o r i n i t y  o f  a b o u t 6 5 $ » *  A t  t h i s  e o n -
o

c e n t r a t i o n ,  and b e lo w  34 C ,  g yp su m  commences t o  c r y s t a l l i s e

o u t ,  and c o n t i n u e s  u n t i l  t h e  c h l o r i n i t y  h a s  r i s e n  t o  1 1 9 $ °
o

whan a n h y d r i t e  p r e c i p i t a t e s *  A t  t e m p e r a t u r e s  a b o v e  34 0 ,  -

a n h y d r i t e  i s  t h e  f i r s t  fo rm e d  s a l t *  I n  w a t e r  c o n t a i n i n g  no

o t h e r  s a l t s ,  h o w e v e r , gypsum  p r e c i p i t a t e s  a t  t e m p e r a t u r e s

b e lo w  4 2 ° C , w h i l e  i n  s a t u r a t e d  s o d iu m  c h l o r i d e  s o l u t i o n s  i t
0fo r m s  o n l y  b e lo w  1 4  0 *

T h e  d e p th  a t  w h ic h  gypsum  i s  s t a b l e  i n  n a t u r e  i s  a  

f u n c t i o n  o f  th e  te m p e r a t u r e  g r a d i e n t  o v e r  t h e  r e g i o n ,  and a l s o  

d e p e n d s  o n  t h e  c o m p o s it io n  o f  t h e  p o r e  w a t e r  and o n  t h e  h y d r o 

s t a t i c  p r e s s u r e  (M ao don a I d ,  1 9 5 3 ) .  Oypoum  i s  r a r e l y  f o u n d  a t  

d e p th s  b e lo w  a b o u t 20 0 0  f t *  h a v i n g  l o s t  i t a  w a t e r  o f  c r y s t a l l i 

s a t i o n  a n d  ©hanged t o  a n h y d r i t e #  T h e  P e r m ia n  d e p o s i t s  o f  

Y o r k s h i r e ,  a t  d e p th s  o f  o v e r  3200 f t # ,  c o n s i s t ,  f o r  e x a m p le , 

o f  a n h y d r i t e ,  h a l i t e  and p o l y h a l i t e ,  b u t  a t  l e a s t  some o f  th e  

a n h y d r i t e  was d e p o s it e d  a s  gypsum  ( S t e w a r t ,  19 4 9 » P *  6 2 9 ) .
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A c c o r d in g  t o  A r k e l l  ( 1 9 3 8 , p .  1 1 ) ,  t h e  P u r b e c k  i n  D o r s e t  

was b u r i e d  t o  a  d e p t h  o f  a b o u t 20 0 0  f t . ,  th o u g h  t h i s  a p p e a r s  

t o  be a c o n s e r v a t i v e  e s t i m a t e . I t  w o u l d , h o w e v e r , h a v e  b e e n  

s u f f i c i e n t  t o  c o n v e r t  a n y  p r i m a r y  g yp sum  t o  a n h y d r i t e .  T h i s  

a n h y d r i t e  w o u l d , i n  t u r n ,  h a v e  r e - h y d r a t e d  t o  g yp su m  d u r i n g  

o r  a f t e r  u p l i f t  and f o l d i n g  i n  T e r t i a r y  t i m e s , and th e  r è i i o t  

c r y s t a l s  o f  a n h y d r i t e  i n  th e  a l a b a s t r i n e  gypsum  sh o w  t h i s  t o  

h a ve  o c c u r r e d . I n  th e  W eald en B a s i n ,  t o o ,  i t  i s  n o t i c e a b l e  

t h a t  i n  b o r e h o l e s  w h e re  th e  F u r b e ok b e d s  a r e  fo u n d  b e lo w  a b o u t 

2000 f t .  ( i . e .  F o r t s d o w n , A r r e t o n ,  e t c .  H a p  I ) ,  a n h y d r i t e  i s  

p r e s e n t  i n  t h e  L o w e r  P u r b e c k , w h e re a s i n  t h o s e  h o l e s  w h e re  t h e  

F u r b e c k  i s  a t  s h a l l o w  d e p t h  ( H e n f i e l d ,  B a t t l e ,  e t o . } ,  gypsum  i s  

f o u n d . I t  i s  ,  u n f o r t u n a t e l y ,  i m p o s s i b le  t o  s a y  i f  t h e r e  was 

a n y  p r i m a r y  a n h y d r i t e  fo rm e d  i n  t h e  D o r s e t s h i r e  F u r b e c k , o r  

w h e th e r a l l  t h e  c a lc i u m  s u l p h a t e  w as d e p o s i t e d  a s g y p s u m .

T h e  p re s e n c e  o f  t h e s e  C aS O ^ d e p o s i t s  d o e s , n e v e r t h e l e s s , 

show  t h a t  e v a p o r a t i o n  was a n  i m p o r t a n t  f a o t o r  d u r i n g  L o w e r  

P u r b e o k  t i m e s .  I t  a l s o  r e q u i r e s  a c o n t i n u a l  r e p l e n i s h m e n t  o f  

m i n e r a l  r i o h  w a t e r s  t o  s u p p l y  t h e  s u l p h a t e .  T h e  p o s s i b l e  

i n f e r e n c e s  t o  be d ra w n  f r o m  t h i s  a r e  d is c u s s e d  i n  d e t a i l  b e lo w  

(p»2°2)«
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( g )  P e t r o l o g y  o f  t h e  S h a l e «

( i ) P e t r o g r a p h y .  -

S h a le s  i n  t h e  s e q u e n c e  a r e  u s u a l l y  h i g h l y  w e a th e r e d  and 

c o v e r e d , and i t  i s  h a r d  t o  o b t a i n  g o o d  « a m p l e s . T h e y  w e a th e r  

t o  a d a r k  b l u e - g r e y  o r  b l a c k  a n d  c o n s e q u e n t l y , w hen e x p o s e d , 

s ta n d  o u t  f r o m  t h e  l i g h t  g r e y  m i c r i t e s  ( f i g .  7 5 ) .  T h i s  i s  

w e l l  s e e n  a t  F o s s i l  F o r e s t  w h e re  s e v e r a l  b l a c k - w e a t h e r i n g  

s h a le s  I n d i c a t e  some fo r m  o f  c y c l i c  d e p o s i t i o n .  F o u r  s u c h  

s h a le  b e d s  o a n  be s e e n  i n  t h e  l o w e r  h a l f  o f  t h e  « e q u e n o e , 

s e p a r a te d  b y  f r i a b l e  t o  b l o c k y  c a l o i t e - m u d s t o n e s .

W e a th e r e d , t h e  s h a le s  a r e  s o f t  a n d  p l a s t i c ;  f r e s h ,  t h e y  

show f i n e - s c a l e  l a m i n a t i o n  and a r e  u s u a l l y  l i g h t e r  i n  c o l o u r .  

S a m p lin g  was c a r r i e d  o u t  i n  o r d e r  t o  d e t e r m in e  t h e  am o un t o f  

n o n - c a lo a r e o u s  m a t e r i a l  i n  t h e s e  s h a l e s . I t  i s  i m p o r t a n t  t o  

know  i f  a n y  d é c a l c i f i c a t i o n  h a s  o o o u r r e d  a s  o t h e r w i s e  e r r o n e o u s  

r e s u l t s  a r e  o b t a i n e d . When w e l l  p r e s e r v e d  c a l c i t e  s h e l l

fr a g m e n ts  c a n  s t i l l  be fo u n d  i n  a s h a l e  i t  i s  r e a s o n a b le  t o
' '

assume t h a t  l i t t l e  d é c a l c i f i c a t i o n  h a s t a k e n  p l a c e , b u t  un 

f o r t u n a t e l y  th e s e  s h a le s  h e r e  a r e  g e n e r a l l y  n o n - f o s s i l l f e r o u s  

and so t h i s  o r i t e r i o n  o a n n o t be u s e d . E f f o r t s  m  r «  made t o  

s e c u r e  as f r e s h  and u n w e a th e re d  a s p e c im e n  a s  p o s s i b l e ,  b u t  

i t  o a n n o t be r u l e d  o u t  t h a t  th e  r e s u l t s  o f  th e  n o n - c a r b o n a t e  

d e t e r m i n a t i o n s  may b e  h i g h e r  t h a n  t h e y  s h o u ld  b e .
IOne b a c k - w e a t h e r i n g  s h a le  w h ic h  d r i e d  to  a m edium  g r e y ,
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gave an analysis of 39?» by weight non-oarbonate. M other, 

which dried to a dark blue-grey gave 75$* The non-carbonate 

is chiefly clay grade material with some fine quarts silt, 

but organic natter i3 also present. The residue in the second 

case when oxidised in Schultzf solution lost a further 7f° by 

weight, leaving a much lighter coloured residue of mud and silt. 
No determination of the clay grade minerals have yet been 

carried out•

F i g u r e  7 6  shows a  c o m p le te  c y c l e  a s  se e n  i n  t h e  S o f t  

C o c k le  B e d s . T h e r e  a r e  five su c h  c y c l e s  up  t o  t h e  b a s e  o f  th e  

second p e l l e t  b ed  (LC 29, WB 53).
> 0  , " 5 . <: -if

( i i )  O r i g i n .  -
t

T h e  h i g h  p e r c e n ta g e  o f  n o n - c a r b o n a t e  i n  t h e  s h a l e s  a t  

f i r s t  s u g g e s ts  su d d e n  i n f l u x  o f  t e r r i g e n o u s  m a t e r i a l .  O n  t h e  

o t h e r  h a n d , t h e i r  f i n s  l a m i n a t i o n , and th e  l a c k  o f  c o a r s e  

d e t r i t u s ,  s o  common a t  o t h e r  h o r i z o n s  w h e re  t e r r i g e n o u s  

m a t e r i a l  i s  f o u n d , seems t o  i n d i c a t e  q u i e t  d e p o s i t i o n a l  c o n 

d i t i o n s .  What a p p e a r s  m o re  l i k e l y ,  t h e r e f o r e ,  i s  t h a t  t h e  

s u p p ly  o f  t e r r i g e n e o u s  m a t t e r  re m a in e d  m ore o r  l e s s  c o n s t a n t ,  

b u t  t h a t  c a r b o n a t e  d e p o s i t i o n  v a r i e d .

D u r i n g  t h e  f o r m a t i o n  o f  t h e  s h a le s  v e r y  l i t t l e  c a r b o n a t e  

was p r e c i p i t a t e d  and c o n s e q u e n t l y  th e  t e r r i g e n o u s  m a t e r i a l  

fo r m s  a  h i g h  p e r c e n ta g e  o f  t h e  r o c k .  T h e y  fo rm e d  i n  q u i e t
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c o n d i t i o n s , p e r h a p s  e v e n  s t a g n a n t , a s  t h e  p a u c i t y  o f  f a u n a  

and h ig h  o r g a n i c  c o n t e n t  to  u ld  i n d i c a t e ,  T h i s  may p o s s i b l y  

he r e l a t e d  t o  a  f r e s h e n i n g  o f  t h e  w a te r  and t o  lo w e r e d  

s a l i n i t i e s  w h ic h  i n h i b i t e d  th e  p r e c i p i t a t i o n  o f  c a lc i u m  

c a r b o n a t e *  S u b s e q u e n t l y , s a l i n i t y  i n c r e a s e d  once m ore u n t i l  

c a r b o n a t e  p r e c i p i t a t i o n  was a g a i n  common, and t h e  b l o e k y  

o a l o i t e - m u d s t o n e a  w e re  f o r m e d , o f t e n  w i t h  s a l t  p s e u d o n o rp h s  

i n d i c a t i v e  o f  e v a p o r a t i o n  and d e s a i o a t i o n .  T h e  t o p  o f  t h e  

o y o le  i s  u s u a l l y  a b ed  o f  p e l s p a r i t e  o f  v a r i a b l e  t h i c k n e s s , 

s i m i l a r  t o  t h a t  d e s c r i b e d  p r e v i o u s l y  o n  p a g e  ,
'a I ¡5 .. . ; Cffl« iSi: '

i ..j I - -. ..■ ; ; nr»** : «
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VIII. CHERTT FRESHWATER BEDS 

(a) General Description

The Gherty Freshwater Beds are 8.05 m. thick At Durlston

Bay and thin westwards to 5.4-3 au at Worbarrow Bay, 2.70 m. at 

Mupe Bay, 1.85 m. at Lulworth Gove and 1.55 m, at Ridgeway.

They consist of interbedded shell limestones, caloite-mudstones 

and calcareous shales, weathering to a light grey and cream, 

often with a white efflorescence, and containing nodular blaok 

chert. Most distinctive in this sequence is a bed of white- 

cream limestone, in which most of the chert is found. This 

bed is 150 cm. thick at Durlston Bay and la present at all 

localities in Dorset, forming a useful marker horizon. It 

often appears to be brecciated (fig. 1 3 ), but ths is an ap

parent brecoiation caused by the incorporation in a carbonate 

mud of fragments of mudstone sloughed off the stems of Ohara 

(Pettijohn, 1948, p* 308). The ohert nodules are up to 50-60 

cm. diameter, often have a thick white patina and contain 

abundant silicified fossils. This, and their irregular shape 

(figs. 77, 12), show the ohert to have replaced limestone.

The chert appears to be associated with a possible erosion 

surface. This is at the top of the Ohara limestone at Durlston 

Bay, where the bed is irregular and hummocky (fig. 78) and 

covered with large ohert nodules lying in a dark grey »earthy*



Fig* 77« - Chara micrite containing irregularly shaped chert nodules (black). 
Tape measure case on top of bed is 5 cm. long.
Cherty Freshwater Beds. Durlston Bay.
Middle Purbeck.

Fig. 78. - Irregular, hummocky surface (at hammer head) possibly erosional, 
at the top of the Chara micrite layer. No chert visible.
Cherty Freshwater Beds. Durlston Bay.
Middle Purbeck.
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ahale full of broken she 11s* An apparently identical layer 

ia present at Worbarrow Bay where, however, it lies in the 

middle of the Chara limestone. At Mupe Bay and luiworth Gove 

the same type of break is near the bottom of the limestone bed.

The calcareous shales and culoi t e-mud a to ne a often show 

dessioation-cracked surfaces and occasionally ripple-mark. Most 

beds are abundantly fossiliferous containing oatracods, pele- 

cypods and especially gastropoda. Planorbis. Valvata and Phyaa 

are very common in the chert nodules and in the associated lime

stones, It is of interest to note that some of the peleaypod 

shells in the sh*le layers retain a nacrous appearance and are 

still aragonitic (stain and X-ray).

The Cherty Freshwater Beds can be divided into three broad 

lithological groups, micrites and calcareous shales, biomioritea 

and biosparitea. It is not possible to delineat*sharp bound

aries between these groups and to some extent they overlap one 

another, but they are convenient divisions for the purpose of 

petrographic description.

(b) Petrology of the micrites and calcareous shales
^  ,.> v ^  . . . .  p  ...... .... 4  „  .  . . .  . . . 4  . . . , 4  . :  s ?" . .  . . .  . f  s; , _  « 1  ^  '  s ' *’

(1) Petrography. -
*  ^0. *'•' 44, 4 -• ... >4 . 4 .4' . ..'A ...

The miorifces generally form firm and blocky beds up to 50
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cm. or more thick. They may or may not show lamination, and 

fossil content i3 variable. The beds are either light-dark 

grey or tan-cream, colour depending both upoh the presence of 

Chara. and upon variation in the amount of non-carbonate mud 

in the rock, the more non-oarbonate present the darker is the 

colour. It is possible to distinguish two main types of miorite 

rock.

1. Chara micrites -

These are tan to cream coloured rooks of fairly high purity,*
only about 1-2$ of non-oarbonate - mostly organic material - 

being present. They form the main chert bearing horizon men

tioned above (p. /24), and are readily distinguished in the field 

both by their colour and by their apparent brecciation (p. /£ ).

In thin section the beds are seen to consist of light brown to 

grey micrite, which is a matrix to ostracod shells and fragments, 

and to the stems arc3 oogonia of Chara (fig. 79). ¿ “These are 

mainly speoies of Clavator and Perinmeate. whioh were mono

graphed by Harris, 1 9 3 9 A few gastropods are usually present 

but pelecypoda are rare, though they do occur as miorite f i l l e d I
complete shells as well as fragments. The brecciated nature

'
oan often be seen in thin section -&ere large (up to 1 om, oq.) 

fragments of uniform miorite are found eholosed in a matrix of 

micrite containing shell fragments.

The mud grains in the matrix are rather irregular in size,

jj



Fig. 79» - Photomicrograph of Charm micrite. Several Charm stem fragments are
visible, also pelecypod valves and much fine shell debris in a micrite 
matrix (grey).
Cherty Freshwater Beds. Durlston Bay.
Middle Purbeck.

Fig. 80. - Camera lucida drawings of typical Chara stem fragments as seen in thin 
section.
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varying from 1 0 ^  down to less than 2^-. The larger grains, 

though, are probably derived from the comminution of ostraood 

and peleoypod shells, as all gradations up to recognisable 

fragments oan be seen, drain boundaries, though apparently 

plane, are none the less very irregular, giving an interlocking 

mosaic of crystals. Miorite is often present in whole ostracod 

shells as a distinct floor overlain by drusy calcite. Generally 

thie miorite is of the same colour and grain size as the matrix, 

but m y  sometimes be a lighter grey and more uniform in texture, 

apparently with little or none of the coarser inclusions. In 

any one area of the slide the mudstone floors indicate a uniform 

•way up* direction, but this direction may vary from fragment 

to fragment within a single thin aeotion.

Ohara fragments are mostly confined to the stems of the 

plants* the oogonia are rare in most rooks, but may locally be 

abundant. This is perhaps due to current sorting, for as noted 

by Carrozi (1948) on the Purbeck of the Jura, it is unusual to 

find both oogonia and stems together. Stem pieces may be up to 

3 to 4 mm. long but are usually less, and frequently are only 

partial fragments* They generally retain their cylindrical 

appearance but are sometimes seen to have been crushed. Typical 

stem sections are shown in figure 80. The stem walls were 

calcified during life (Harris, 1939) and now consist of small
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radiating calotte fibres, usually 1-2 yw- wide and 10-12yw* long, 

though this varies. The cavities within, the cortical tubes may 

be filled by micrite or by drusy caloite. These stem fragments 

appear very susceptible to siliolfication and are often found 

replaced by chalcedonic quarts even when little or none of the 

remainder of the rock is silicifled.

Ostraoods are occasionally common, usually spar filled and 

sometimes with mud floors, but are usually fragmental and rare. 

Gastropods, chiefly Planorbis, are well preserved. The shell 

is now a co rse mosaic of drusy oaloite, evidently a cavity 

filling, and solution of the aragonite shell must therefore 

have taken place after lithifioation of the matrix. Peleeypod 

shells, too, consist of drusy mosaics of calcite. Pyrite is 

not common, but is sometimes present, associated particularly 

with ostrucod shells which it hasoften replaced. There is 

little or no detrital quarts.

2. Argillaceous micrites -
These contain variable amounts of non-carbonate material, 

usually about 5-10^ by weight. They are generally much darker 

than the Ohara aiorites, with the actual colour appearing to 

depend on the amount of argillaceous material present, the more 

they contain the darker grey is the rock. In thin section, too, 

the miorite is a dark brown-grey. It is more uniform in texture, 

containing, as a rule, fur less shell material than the Ohara
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micrites. Lamination is often very well preserved and is 

indicated by rare, thin layers of fine quartz silt, as well 

as by a planar orientation of shell fragments where present*

The calc ite-mud grains have, however, much the same size and 

shape as those in the Ohara beds.

The non-carbonate material is very fins quarts silt and 

mud, chiefly argillaceous mud, but no determination of its com

position has yet been made. Organic matter is virtually absent. 

In spite of the apparent difference, some of these beds may also 

contain Ohara remains, hut in very small amounts and always 

much fragmented. Pieces of shell, too, may locally be common; 

ostracofi valves and fragments (frequently highly pyritised), wall 

preserved gastropods with micrite and spar filled body-ohambera, 

and thin pelecypod valves with hinges intact now preserved as 

mosaics of calcite crystals, often brown and pleoohroio. In 

other beds the shells may also show signs of having been 

flattened, and the gastropods are broken.

Detrital quartz is again rare or absent except in rare 

thin laminae.

3# Calcareous shales -

These are always highly weathered and usually much covered, 

occurring in beds up to 60 cm. thick. The shales may be soft,
y

friable, block^weathering with a white efflorescence, or olive 

grey and plastic. Laaination is often good, but sometimes 

absent. The shale may be full of finely comminuted shells, or,
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sometimes, whole peleeypod valves are present; white and 

aragonitic (stain teat) these valves are complete but squashed 

and broken in the plane of the lamination*

There is usually -bout 25-30$ by weight of non-carbonate 

in the shale, somewhat higher than in the argillaceous micrites 

which they otherwise resemble, but there appears to be every 

gradation between the two classes. The non-carbonate is again 

chiefly mud with some fine quartz silt* Coarse detritus is 

absent. Pyrite granules occur in localised patches but are not 

common*

(i i ) Origin. -

In ite of the importance of the argillaceous material in 

these beds, carbonate mudstone still forms the bulk of the 

sediment. The originally particulate nature of thi3 mud is well 

shown by its presence as the infilling of gastropod body-chambers,

peleoy^od.shells, and as floors in ostraeod shells* There 3s no
> 7

evidence of pelleting having occurred, most of the mudstone 

being very homogenous, and lithification must presumably have 

been by some process of intergranular cementation - perhaps 

rim-cementation*

It seems unlikely t at much,, if any, of this carbonate mud 

was derived from physico-chemical precipitation* The fauna and 

flora are indicative of a fresh to brackish-water environment
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throughout, and even though evidence of deesloation ia present 
in the form of reud-cracked layers, no salt or gypsum pseudo- 
morpha are found that would indicate salinity# Purely physico
chemical precipitation of carbonate in freshwater is known, but 
usually takes place with the formation of crystdline deposits 
such as travertine and calcareous tufa# These are not present 
here. Many freshwater limestones are, however, produced b y  

biochemical precipitation, due to the action of plants* O f  

these plants, the atoneworts (algae) are particularly well 
known examples (Pettijohn, 1943, p. 308)* In the present oase 
stonewort remains are abundant, and it seems probable that much 
of the carbonate mud has been formed by their action, The 
carbonate produced by these plants is oalcite, so no inversion 
from aragonite has occurred# Some mud is likely also to have 
been derived by the comminution of shells, as indicated in the 
petrographic description (p# i%9 )• How much was so derived is 
indeterminable, but it seems unlikely that such mud ever formed 
a large part of the deposit, for as indicated below, scavenging 
does not appear to have been thorough, and turbulence and strong 
our rents were absent#

There is little or no coarse (>50^) detritus in these 
beds, but argillaceous material is always present in greater or 
lesser amount. As in the Soft Cockle Beds (p. ) the
variation in the amounts present may be due either to a sudden
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increase in the supply of non-c rbonnte, or to a temporary- 

decrease in the amount of carbonate mud being formed. The 

even-lamination, especially in the argillaceous micrites and 

shales, 3ho*ws depositional conditions to have been quiet and 

undisturbed, with little scavenging action. There is no evidence 

of strong currents, the brecciation in the Ohara mieritea being 

due to the accumulation, in places, of sloughed off fragments 

(p, I ). This vtj u.ld suggest the second of the two possibilities 

to be most likely. However, the presence in places of flattened 

pelecypod and ostracod shells, shows that deposition was at 

times fairly rapid, and led to a compaction of the sediment, 

and in those beds the non-carbonate percentage is high ( 2 5$ +)•

In most cases no shell crushing has occurred, perhaps indicating 

slower depositional rates, and here the non-carbonate content 

is usually lower (15# or less). The higher non-carbonate 

contents do, therefore, seem to be related to increased rates 

of deposition, that is, to an increase in the supply of argi

llaceous material. This appears to he generally ao, though of 

course the rate of deposition of carbonate m a y  also have varied.

The environment of deposition of the Chara micrltes seems 

clear. To quote from Harris (1939* p. 4), " ... there was, in 

Dorset, a very large lake shallow enough (1-10 m. deep) for 

these gregarious plants to grow over large areas. The rather 

local occurrence of the different species suggests that they
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ware deposited near the place where they -'rew," The rare 

presence of finely fragmented Chara in the argillaceous 

miorite3, on the other hanl, suggests that these rocks were 

formed in areas removed from active Chara growth. Perhaps the 

argillaceous materials in suspension were sufficient to inhibit 

the development of the plants in some areas. Further increase 

in the supply of argillaceous sediment resulted in the formation 

of the calcareous shales.

(c) Petrology of the biomicrites 

(1) Petrography. -

Gradational from shelly argillaceous mierites, this olasa 

may be taken as comprising those rocks with greater than 1 5 $  

by volume of fossil fragments in a micrite matrix (fig. 81), 

They may be sillcified to a greater or lesser extent, and in 

some the shell material is still aragonite. There are frag

ments of Chara present bat these are much rarer, while detrital 

guartz of fine sand-size occurs in small amounts. In the out
crop the biomicrites are usually shades of grey and form firm 

beds up to 40 cm. thick. They sometimes show lamination but 

cpre often devoid of it.

The micrite matrix is of tv» types. The first is sLmilar 

to that in the argillaceous micritess grey, with grains of 4-5
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and with the same larger inolaaions up to 10-15 size 

noted previously (p. li<^ ). The second type is golden-brown 

with a very fine grain size, usually less than 2 , and ia

present as snail lumps, pellets and fragments - apparently 

intraclasts - but sometimes also arranged in thin laminae*

It is never very abundant. In some rocks the matrix is not a 

true miorite but a ealcite-slltstone with grain size of 10-15f* 

and larger. This has much greater clarity in thin section, 

though often the grains have a yellow tinge* Grain boundaries 

are plane. This siltstone matrix is associated with those 

rooks in vsfaich ostraceds form the bulk of the bioclastio 

debris, and the siltstone is often present as fillings or as 

•floors' to ostrao.od shells, overlain by drusy oalcite*

S h e l l  fr a g m e n ts  a r e  g e n e r a l l y  s i m i l a r  t o ,  b u t  m ore a b u n d a n t 

t h a n , th o s e  fo u n d  i n  th e  O h a ra  and a r g i l l a o e o u s  mic r i t e s .  Some 

b e d s , e s p e c i a l l y  th o s e  w i t h  a s i l t s t o n e  m a t r i x ,  c o n t a i n  m o s t l y  

o s t r a c o d  f r a g m e n t s , v a l v e s  and w h o le  s h e l l s ,  w i t h  v e r y  fe w  

p e le o y p o d s  o r  g a s t r o p o d s . C o a rs e  s i l t  t o  f i n e  s a n d - s i z e  q u a r t z  

g r a i n s  a r e  o f t e n  p r e s e n t  s c a t t e r e d  t h r o u g h o u t  t h e b e d s . T h e s e  

r o c k s  a r e  q u i t e  w e l l  l a m i n a t e d , and t h e  o s t r a o o d  f r a g m e n t s  l i e  

p a r a l l e l  t o  th e  b e d d i n g . I n  p e e l s  i t  ia  s e e n  t h a t  some oem ent 

i s  p r e s e n t  a s  a  t h i n  r i m  o f  s n a i l  g r a i n s  a ro u n d  t h e  o a tr a o o d  

s h e l l s ,  se ede d upon t h e  o a l o i t e  p r is m s  o f  th e  s h e l l .  I n  t h i n  

s e c t i o n  i t  i s  h a r d  t o  d i s t i n g u i s h  t h i s  r i m  c e m e n t f r o m  o a l o i t e -  

s i l t s t o n e  m a t r i x .

■
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Pelecypod fragments are preserved in two ways, where

found with ostracods and cnlcite-aiItatone matrix, the pele-
hcypod fragments are clearly drusy calcite filled casts sowing 

the usual characteristics (Bathurst, 1958). Fragments are thin, 

hut up to 8-10 mm. long, evidently not much broken* Where 

ostracods are rare, and the matrix is micrita, most peleoypod 

fragments are preserved as mosaics of brown pleoohroie calotte, 

often with faint «ghost* shell structure still present. T h e s e  

shells do not appear to have dissolved as the brown oalcite 

mosaic does not show any criteria of a cavity filling, dome 

of the shell» are silicified and these are white by reflected, 

mottled brown by transmitted light. The fragments are large» 

usually angular, and are mostly oriented roughly parallel to 

the bedding, though with some indication of disturbance. In 

some thin beds with a micrite matrix the shell is still aragonite 

(X-ray and stain tests), also brown and pleochroic•

Gastropods are not very common, occurring only rarely as 

drusy filled shell oasts, with micrite or spar filled body- 

chambers, Small bone fragments are also sometimes present.

Pyrite is frequently abundant in these rocks, both dis

seminated throughout the miorite, and as a lining to, or a re

placement of, shell fragments - particularly ostraooda. It la 

very rarely found as a replacement of the pleochroic peleoypod 

shells. The pytite is usually in the form of small cubes lÔ u. 

or so in sise, or as aggregates of very fine grain size.

W.-
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(ii) Origin. -

Moat of the miorite in these rooks seems clearly to have 

been derived in - manner similar to that of the Chara and 

aryilia ceous rcicritea. That is, mostly from the activity of 

Chara. bat with lesser amounts possibly derived from shell 

comminution. The origin of the golden-brown miorite is leas 

cle r. It has not been found in the outcrop in rock forming 

quantities, only us intmclasts or as thin laminae, though this 

may be due to chance sampling. On the basis of colour and grain 

sice, and following the argument of previous sections (p.^Q ), 

it would follow that this i3 micrite that has undergone scam 

process of grain reduction, such as may be produced during in

gestion by mud eating animals. There is no evidence of pelleting 

in this particular mud (there is in the bioeparites), though in 

the larger areas it ¡oe3 have a faintly clotted texture sugges

tive of pellet merging, and it is quite r>robable that it has 

been derived from the coarser-grained miorite by a process 

such as faecal pelleting.

The calcite-siltstone was originally partioulate, as is 

shown by its presence inside ostraoods. The variable grain 

sice, together with the common yellowish tings, Is indicative 

of its origin by shell comminution. It is possible to follow

a gradation from the grains of 10-15 p- sice upwards to recog

nisable ostracod fragments, and much, if not all of the silt



seems to hive been derived from the breakdown of oatracod 

carapaces# This break down could hive been, due to scavenging, 

to decay of organic tissue within the shell, or to mechanical 

abrasion. The lack of micrite and o? pyrite, together with the 

presence of some fine quarts sand, does suggest current action 

which may have assisted in breaking the sheila.

Pelecypod shells are always broken and angular, but are 

usually in quite large fragments. The miorite matrix, and the 

common presence in it of pyrite, certainly does not indicate 

current or wave action as the cause of breakage. On the other 

hand, the usual presence of planar orientation of the shell 

fragments seems to preclude scavenging, at least below the 

sediment surface. The lack of complete shells in those rooks 

suggests that the fragments may not be auto—chthonour, and what 

seems possible is that the shell fragments and the miorite intra- 

clasts were periodically swept into what was essentially a mud 

environment. In other words, the pelecypoda and the golden- 

brown raiorite are characteristic of one environment, that of a 

prolific, mud ingesting community, that was occasionally swept 

by strong currents which removed shell fragments and tore up 

intraclasts, re-depositing them in a mud environment oontoi ning 

little fauna other than ostracods.
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(d) Petrology of the biosparites 

(i) Petrography. -

There are few true biosparites in the Cherty Beds. All 

contain variable amounts of micrite, but, except in some thin 

laminae, the micrite is always subordinate to the granular 

calcite cement. This cement is in the form of plane sided 

crystals of variable size, up to 150 p- and rarely larger.

It has the characteristics of a granular cement (Bathurst, 

1953), and is sometimes seen to form a thin border of small 

grains around ostracod fragments, in optical continuity with 

the shell.

Micrite is usually dispersed and tends to be trapped be

tween shell fragments, but may also form an envelope to the 

fragments (fig. 82). This micrite is typically grey and of 

4-5 ft* grain size with occasional coarser grains. Here and 

there too, it may pass into a calcite siltstone of 10-15 f*- 

size, but this is not common. More common in some layers are 

pellets and fragments of golden-brown micrite, frequently 

pyritic. The pellets are ellipsoidal with spherical cross- 

section, but are often broken. They are sufficiently abundant 

in places for the rock to be termed a biopelsparite (Polk, 

1 9 5 9 )* The pellets and fragments are in a granular cement 

together with shell fragments that are themselves intraclasts. 

This is shown by many of the fragments having gobbets of brown



Fig. 8l. - Photomicrograph of a biomicrite. Mostly pelecypod fragments in a 
micrite matrix. Black specks are finely disseminatea pyrite.
Gherty Freshwater Beds. Worbarrow Bay.
Middle Purbeck.

Fig. 82. - Photomicrograph of biosparite. Pelecypod valves and fragments, some 
bored or abraded, with micrite pellets and lumps and a few ostracods 
in a granular cement. Gome shells have small gobbets of micrite 
attached to them indicating that they are intraclasts.
Cherty Freshwater Beds. Durlston Bay.
Middle Purbeck.

Fig. 8 3« - Photomicrograph of biosparite. Pelecypod fragments with a thin raicrite 
envelope (grey) in a granular cement. Black specks are pyrite. Note 
the breakage of some of the shells giving angular ends, ends are other' 
wise rounded.
Cherty Freshwater Beds 
Middle Purbeck.

Durlston Bay
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miorite attaohed to them, especially in the concave portions 

(fig. 82). Where the pellets are abundant shell fragments are 

small and more abraded than elsewhere. Their edges are rounded 

and the pieces are seldom greater than 3-4 mm. long, often less. 

Where pellets are rare or absent the shell fragments are 

commonly greater than 8 mm. length, though often still with 

rounded edges (fig. 83).

Shells are mainly peleoypod, now mostly mosaics of oalcite, 

often brown and strongly pleoohroio, but in a few oases arag

onite sheila are still preserved. The features of the shell 

mosaics are the same as in the bionicrites. The main difference 

apparently is in the amount of abrasion the shells have under

gone. A few have been bored and had the borings filled by 

miorite, Gastropods are again rare, sheila being preserved as 

drusy oaloite fillings outlining body-chamber casts of micrite 

or spar. Qstracods are present but seldom abundant, and are 

usually fragmented. Very rare Chara stem fragments can be seen. 

Shell orientation is usually good with the fragments lying 

parallel to the bedding. There is a little quarts of coarse 

silt to fine sand sise present but it is never common. Pyrite 

is present in the miorit8 pellets, but otherwise absent.

(ii) Origin. -

The granular oalcite oement, lack of miorite matrix and
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preaence of Intraclasts point to ¿«positional conditions in 

which some ourrent action wa3 continually effective. This is 

also indicated by the good planar orientation of the shell 

fragments. Most of these shells are not autochthonous, as is 

shown by their fragmental and abraded appearance, and by the 

fact that many are themselves intraolaats. They were torn up 

from their initial place of deposition - as a biomiorite, with 

carbonate fragments still attached, and re-deposited with 

micrite pellets and intraclasts. The environment of deposition 

may originally have been one of mud, but most of this was 

winnowed away by the currents. Some, however, remained trapped 

beneath and between shell fragments, and i3 visibly of a dif

ferent type from that forming the pellets and intraolasts.

There cannot have been very muoh abrasion as generally the 

size and preservation of the fragments precludes this; it was 

sufficient though to produce a rounding of the edges of the 

3hell fragments.

(e) Siliolfication
Although present in limited quantities at other horizons 

in the Purbeok, chert is common only in this sequence of beds.
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It oocurs as nodules and thin lenticle3, never as a bedded 

deposit. The nodules are very irregular in shape (figs, 77,

12) and up to 60-70 cm, diameter. They are often heavily 

patinated, with a grey patina J cm. thick, clearly divided 

from the black-brown chert. The nodules usually contain abun

dant fossils, often very well preserved, and may also contain 

fragments of unailicified limestone. Most nodules are traversed 

by thin irregular eraocs, filled by quarts. Lenticular ohert 

is confined to layers 2-5 cm. thick, but these may extend 

several metres laterally parallel to the bedding.

In thin section several different petrographic types of 

silica can be seen; they are*

Radial or fibrous mosaics of chalcedonic quartz, partly 

spherulitio•

Microorystalline quartz.

Brown chalcedony - this is very rare.

Anhedral quarts crystals.

There is, too, an order of preference for silieifioation: this 

generally follows

Large peleoypod and gastropod shells, preoeeded by Ohara 

fragments if present.

Smaller shell fragments.

D r u s y  c a l c i t e  s h e l l - f i l l i n g s  and g r a n u l a r  c e m e n t.

Micrite matrix.

Ostracod shells.

ev.
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Man y of the pelecypod shells, and most gastropods, are 

replaced by fibrous quartz. The fibres are straight and 

oriented normal to the shell wall showing a good preferred 

orientation (gypsum plate). They are in the order of 1 0 - 4 0 ^  

wide and seldom exceed 150 ^  length, usually being much less.

In other cases the shell is a mosaic of microcry3tnlline quarts, 

almost isotropic in aggregate. The cavities inside both gastro

pod and ostracod shells frequently have a thin lining of fibrous 

quarts, up to 5 0 thick, which is covered by apherulitic or 

radially oriented chalcedonic quarts (Folk and Weaver, 1952).

The spherulites are usually mutually interfering and meet along 

straight compromise surfaces (fig. 84). This obviously post

dates the fibrous type.

Microcryatalline quarts aggregates, other than those re

placing shells, are usually found occupying what may have been 

cavities or pore space in the rock, but sometimes are found in 

small areas between mutually interfering spherulites. The 

quarts crystals are highly sutured, with very irregular wavy 

extinction, and this is a stage that appears to be intermediate 

to the formation of unstrained quartz crystals of 120-150 f*- 

size, sometimes found at the centre of spherulitic masses.

Figure 85 ia a diagrammatic representation of the types of 

chert fabric seen in these rocks.

The problems raised by the presenoe of chert in limestone



Fig. &k. - P h o t o m i c r o g r a p h  of  c h e r t  ( c r o s s e d  n i ç o i s ) .  C h e r t  s p h e r u l i t e s  can
b e  see n  to m e e t  a l o n g  s t r a i g h t  c o m p r o m i s e  s u r faces. M i c r o c r y s t a l l i n e  
q u a r t z  is  p r e s e n t  in  s p a c e s  b e t w e e n  m u t u a l l y  i n t e r f e r i n g  s p h e r u l i t e s ,  
a n d  a l s o  a s  a  r e p l a c e m e n t  o f  m i c r i t e  pell e t s .  B e m a i a d e r  of  r o c k  is  
calcite.

C h e r t y  F r e s h w a t e r  Beds. W o r b a r r o w  Bay.
M i d d l e  Purbeck.

Fig. 85. - Diagrammatic representation of chert fabrics. On the left is a pel«' 
cypod shell replaced by fibrous chalcedonic quartz. From the surface 
of the shell a band of radial fibrous chalcedony has developed, over- 
lain in turn by mutually interfering spherulites that meet along 
straight compromise surfaces. Some highly sutured crystals of micro
crystalline quartz are seen next to uniformly extinguishing quartz 
crystals.
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have h-en the subject of much speculation and discussion. In 

the Purbeck rocks we can list three main problems to be con

sidered. They are:-

(i) The origin of the silica.

(ii) The time of silicifioation.

(iii) The cause of the localisation of most of the chert.

(i ) The origin of the silica. -

The three main possible origins of the silica in these 

rocks are (1) detrital quarts grains (2) organisms (3) in

organic precipitation. There is very little detrital quartz 

in the Cherty Beds, but where present it can be seen that some 

of the grains have been embayed by caloite. This replacement 

of quartz has not been extensive, however, as many grains still 

a pear to have original rounded boundaries partly preserved, 

and it seem3 mo3t improbable that sufficient silica could have 

been obtained in this manner to account for all of the chert* 

Organisms can provide silica from the solution of the 

siliceous teats of animals such as sponges and radiolaria, and 

of plants such as diatoms. Radiolaria and diatoms have not been 

found in the Purbeck rocks, though in view of their small size 

and possible replacement by calcite, they may have been over

looked, especially as diatoms are often present to a minor ex

tent in gastropod-bearing laoustrine limestones (Swineford and 

Pranks, 1959)« However, diatoms appear in quantity only in



-146-

late Cretaceous times (Lohman, I960) and are unlikely, therefore, 

to have supplied much 3ilica here. Siliceous sponges, too, are 

not common, though one species has been described from the 

Lower Purbeck, (Spongillia purbeckenaia). and oalcified 

spicules hive been found associated with small chert lenticlea 

in the Soft Cockle Beds. Ho evidence of their presence has 

been found in the Middle and Upper Purbeck, and it seems un

likely that siliceous organisms contributed much to the supply 

of silica in the Cherty Beds.

Inorganic precipitation of silica depends largely upon the 

presence of both suspended matter and electrolytes in the 

water. Soluble 3ilioa is absorbed upon the suspended matter as 

it comes into contact with the electrolytes (Bien, Contois ami 

Thomu3, 1959)* Although the palaeontological evidenoe indicates 

that the water at this time wa3 fre3h or brackish, some elotro- 

lytes might be expected to have been present. The presence of 

suspended matter is shown by the high argillaceous oontent of 

the bed3. It seems likely, therefore, that much of the silica 

was formed as an inorganic precipitate, probably as a stii>le 

colloidal sol as is usually the case to-day, and too dispersed 

through the sediment to form gel-like masses (Krauskopff, 1 9 5 9 )*

Subsequently, this dispersed silica wa3 concentrated to 

form chert nodules and lenticles, during which time a replace

ment of carbonate occurred. The underlying cause of this con-
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oentration and replacement was undoubtedly pH change that 
affected the equilibrium o r interstitial solutions. An in

crease in pH causes silica to dissolve. This may be brought 

about by, for example, decay of organic matter resulting in 

the liberation of ammonia. A release of carbon dioxide or 

hydrogen sulphide by bacterial action would lower the pH and 
favour a precinit;tion of silioa and solution of calcite. 

Sediment is not usually homogenous, and consequently it is 

quite possible for silica to be dissolved at one point and 

precipitated at a closely adjacent point simultaneously. A 

siliea trap can thus be formed which continues while pH dif

ferentials last. Any other process likely to up3et equilibrium, 

such as renewal or commencement of ground water circulation, may 

start a similar cycle. The broken and cracked appearance of 

the chert nodules suggests that they may have formed as i hard 

silica gel. Expulsion of water during crystallisation was suf

ficient to cause breakage, and may account for the strained and 

uadulose extinction of the microcrystalline quartz (see 

Pittman, 19S>9, p. 134).

(ii) Time of rep la cement. -

If the formation of the chert was due to pH changes brought 

about by organic decay, then this must presumably have occurred 

soon after the sediment was deposited. On the other hand, none 
of the oracks in the nodules, if due to crystallisation of a gel,
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have been filled by sediment as would be expected if this 

were an early phenomenon. That this does occur was shown 

by Pittman (1959) in chert nodules from Gretaoeous limestones 

in Texas, In the Purbeck, the cracks are quartz filled. In 

a few beds pyritized micrite pellets occur, many of which are 

silicified. Here, silicification evidently post-dates 

pyritization.

The preferential replacement of pelecypod and gastropod 

shells compared to ostracods, may be explained if silicification 

took place before or during the inversion of aragonite shells to 

calcite. In very rare cases it is possible to see quartz that 

has apparently preserved a lamellar shell fabric. Mostly, 

however, it appears to have been a crystalline calcite mosaic 

that was replaced. Why the silica should replaoe these ealcite 

mosaics and drusy fillings in preference to the oalcite ostracod 

shells, i3 as yet unexplained. It may be due to properties of 

orientation in the ostracod shell prisms.

Generally, then,it appears that silicif ieation post-dates 

the oaleitisation of aragonite sheila.

Modern studies seem to show that the ohange from aragonite 

to oalcite is dependent upon the circulation of fresh-groundwater. 

This suggests that silicification may not have oocurred until 

uplift during intra-Cretaceous movements, and possibly not until 

after Tertiary folding. It must be remembered, though, that the
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eonnate water of these sediments was fresh or brackish. How 

would tlii3 have affected the rate of calcitisation?
Rot without significance, perhaps, is the almost complete 

absence of chert from the subsurface Purbeck rocks (e.g.

Arreton) even though lithologies are so similar. These rocks 

have not been subject to near-surface groundwater circulation.

(iii) The cause of localisation. -

The high concentration of chert in these beds is almost 

certainly related to the fresh-brackish water environment of 

deposition of the sediments. Fresh-waters contain higher 

concentrations of silica than sea waters, in the form of mono

meric silicic acid (Krauskopff, 1959)* The sediments may thus 

have had a higher silica content initially than others in the 
Purbeck,
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IX. CITPEH BSD 

(a) General Description

This i3 the moat distinctive bed in the Purbeck. 2.90 m. 

thick at Durlston Bay it thins westwards to 1.65 m. at Vorbarrow 

Bay, 1.28 m. at Mupe Bay, 1.20 m. at Lulworth Cove and 0.90 ¡a. 

at Ridgeway. For the most part the bed consists of masses of 

oyster shells (Ostrea distorta) in a fine grained carbonate 

matrix, preservation of the shells varying from complete valves 

to small fragments. At Durlston Bay it is readily divisible 

into ¡three units based upon the nature of the matrix and on 

the amount of Qatrea present (fig. 86).

The basal unit consists of 3mall Qatrea fragments, blue- 

grey in colour, set in a grey carbonate-mudstone. There is no 

apparent bedding, though the shell fragments show a rough 

orientation parallel to the regional bedding. Hear the top 

of the unit small (?-? cm.) masses of white caloareous Serpula 

tubes become common (S. ooaoervata). The middle unit is 

characterised by a general lack of oysters. Tan coloured, it 

contains val res and fragments of Protocardla and, more rarely, 

Trigonia. while spines and in places tests of Bemioidaria 

purbeokenaia are found. Sernula is common. There is less 

matrix than in the lower unit, but is again a carbonate mud.

The upper unit comprises three beds (each 15 cm. thick) of 

large oyster shells, many unbroken, in a matrix of grey carb

onate mudstone. The shells vary from blue-grey to white in
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oolour.
The middle unit with its non-oyster fauna thina rapidly 

westward and is only just recognisable at 7orbarrow and Mupe 
Bays, where a few Bemioldario spines may be found. It is 
absent at Lulworth, where the bed consists only of oysters 
and rare Ser.aula in carbonate mudstone.

(b) Petrology
(i } Petrography. -

The lower and upper units of the Cinder Bed tit Bur-13ton 
Bay are alike petrographies!ly and simil r to the bed as a 
whole further west. Differences are mainly due to the size 
and preservation of the oyster shells.

Mthough the hand specimen has a dull argillaceous ap
pearance, there is only about 5-6$S by weight non-carbonate 

present, chiefly silt to sand-sine quarts, mud and bone frag
ments. The matrix is of light grey silt-sise calcite grains, 
not, however, a granular cement (fig. 87). Grain sis« is 
irregular, varying from about 5 /*- up to 15 or 20 yu- , with 

f airly common larger grains scattered thro ighout. These are 

usually single crystals and appear to be derived from shell 
comminution. Grain boundaries are plane.



Fig. 86. - Cinder Bed. The bottom two units are not distinguishable on the
photegraph, though the middle one is at the hammer head. The bedded 
upper unit is clearly visible.
Cinder Bed. Durlston Bay.
Middle Purbeck.

Fig. 87* - Photomicrograph of Cinder Bed. Lamellar Ostrea fragments in a grey 
micrite matrix of patchy grain size (up to 20/O.
Cinder Bed. Mupe Bay.
Middle Purbeck.
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Uhella are mostly pelecypods but with some ostrneoda.

The pelecypoas are largely 03trea fragments with vruriable 

amounts of other genera. The oyster fragments are often quite 

large (y cm. and upwards) though mostly smaller pieces are 

present in the lower unit. They retain very good lamellar 

structure as the original shell i3 caloite and not aragonite, 

and this serves to identify readily even small fragments 

(fig. 87)* The ends of the fragments are usually rounded, but 

may sometimes have a frayed appearance which seems to be con

trolled by the shell structure.

Non-oyster pelecypod shells are present as brown pleoohroic 

mosaics of calcite crystals, with very irregular grain boun

daries. They are mostly smaller than the oyster fragments, 

and have a rounded abraded apqearanoe. Generally, the boundary 

of the fragment merges with the calcite siltstone of the matrix 

so that there is an apparent blurring of the edges of the 

shells. 03tracod3 are usually present as single valves but 

there are rare, whole, spar-filled shells. Quartz grains of 

100-200 (*■ size are scattered throughout, but are not common, 

while here and there are small bone chips.

Small (10-20 f*- ) granules of an opaque mineral with 

metallic lustre are scattered throughout the matrix and appear 

to have replaced parts of the shell fragments. This is possibly 

marcasite.
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The middle unit differs in having a greater volume of shell 

fragments and less matrix, and a dominantly non-oyster fauna.

The matrix is again mostly a calcite-si it stone apparently 

identic .1 to that in the other two units. Here and there though 

a little micrite is present in the form of small intraclasts. 

These are more opaque and a brown-grey in section with grains 

of less than 4 ^ .  A. few small oyster fragments can be recog

nised by their lamellar structure, but are very rare. Of the 

remainder of the •elecypod shells, tw> distinct types of pre

serve-ion oan be recognised.

Some shells have been bored - by peleoypods, algae or such 

like - and the borings are filled by micrite. The remainder of 

the shell is a typically drusy mosaic of calcite. The borings 

are confined to the smaller fragments of more abraded shells 

and are found on both sides of the fragment. Ends are rounded, 

and often a thin miorite envelope is present.

larger fragments (up to | o m . ) are unbored. They consist 

of mosaics of oalcite having very irregular grain boundaries.

The oalcite grains may be brown and pleochroic, or colourless, 

and do not show drusy characteristics. In peels the difference 

in the grain boundaries between the types is most marked (fig. 

107 A.B.)•
Oatracods appear to be absent. There is more quartz than 

in the lower and upper units, of about 100-200 ^  size,

Mai onsite or pyrite is absent.
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(ü) Origin. -
The abundance of oysters in this bed indicates an en- 

viromental change of some si jnificanee* Oysters require 

shallow water for development, and can survive temporary 

exposure tc the air, but need a good 3apply and exchange of 

water for maximum growth* They are very variable in sire and 

shape, and this often depends on the substratum. On soft bot

toms, they tend to be long- and narrow* on hard bottoms they are 

round and flat. They are sessile, and usually grow in clusters, 

which in turn helps to produce misshapen shells. Various speoiea 

are tolerant to different ranges of salinity* Modern oyster 

reefs along parts of the Texas coast, for example, are of two 

types. A low salinity reef in waters of from 12 to 25$» and a 

high salinity reef with a different species in salinities 

greater than 25$ (Parker, 1959).

In the Purbeck, complete oyster shells are mostly confined 

to the upper unit where they average 3 x 2 x 1  cm. sire. That 

is, they tend to be round and flat, indicative of a firm sub

strate. The basal unit contains for the most part only frag

ments, and does not appear to be a true •reef* but an accumu

lation of debris from 3ome nearby oyster mass. Increasing 

salinity resulted in the development of marine pelecypods and 

Hemicidaris, but these conditions do not appear to have exten

ded much to the west of Burlston Bay
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In the west salinity was presumably lower, modified per

haps by proximity to a coast. Shell borin g and abrasion may 

indicate slower rates of deposition. 3ubse piently this marine 

phase was succeeded by brackish conditions permitting the re

development of oysters. At Durlston Bay these are now seen in 

place with abundant complete 3hells.

The calcite-siItstone matrix is largely derived from shell 

comminution. The downward gradation from recognisable shell 

fragments is clear, and the irregularity of grain size seems 

to preclude origins such as inorganic precipitation. Bio
chemical precipitation by plants may have produced some silt, 

hut plant remains have not been found in thi3 bed, and so such 

origin is unlikely for most of the grains. There appears to 
have been little scavenging of the sediment in the lower and 

upper units. In the middle unit the micrite filled borings and 

intraclasts indicate that some grain size reduction occurred 
which may have been due to scavenging activities.
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X. HTTEHMARINE b e d s  

(a) General Description

The Intermtrine Beds are 14.83 m. thick at Durlston Bay, 

and thin westwards to 2.49 m. at Worbarrow B . They thicken 

slightly at Mupe Bay to 2.65 m. and then thin again to about 

2.25 m. at Lulworth Cove and 2.28 m. at Ridgeway.

Broadly speaking, the beds are a succession of shelly 

limestones (biosparites and biomicrites), mioritea and shales. 

The outcrop shows uniform, parallel beds (figs. 88, 89) accen

tuated by differential weathering. Medium grey to tan in colour 

the beds v^ry from about 5-75 cm. thickness, and show a variety 

of sedimentary structures such as ripple-mark and cross-bedding. 

Biological structures like sediment-filled borings (fig. 90) 

nd small oyster reefs (fig. 91) are also present.

The fauna is dominantly one of pelecypod3, the shells of 

which form the bulk of the limestones, but gastropods and oatra- 

cods are also common in places, and Chara fragments are locally 

abundant• One bed near the base of the sequence seems to be 

correctable throughout the coastal exposures. It is a light 

blue-mrey Chara micrite (DB 48, WB 84, MB 29, 1*C 56), Coarse 

¡quartz grains are common in beds near the top of the seguenoe, 

but no calcareous sandstones are present.

There are a variety of rock types in the Intermarine Beds,



Fig. 83. - Intermarine beds illustrating the uniform parallel bedding.
Middle Purbeck. Durlston Bay.

Fig. 8 9 . - Intermarine beds illustrating the uniform parallel bedding.
Middle Purbeck. Durlston Bay.
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Fig. 90. - Sediment filled vertical boring that has weathered out. The generally 
disturbed appearance of the sediment is apparent and is probably due 
to scavenging.
Intermarine Beds. Durlston Bay.
Middle Purbeck.

Fig. 91. - Small 'reef* composed of fragments and shells of Ostrea. These frag
ments occur in abundance along the bedding plane on which the hammer 
rests.
Intermarine Beds 
Middle Purbeck.

Durlston Bay





bat mo 3t are formed by variation in the anoints present of 

three »end members»; peleeypod fragments, ostracod and quartz, 

and matrix. This latter nay be micrite or typical granular 

spar cement, while the peleeypods may be drusy casts or brown, 

pleochroic mosaics of calcite. In spite of the apparent 

variety it is possible to group the sediments into three broad 

divisions, each of which may be sub-divided to a greater or 

lesser extent.
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(b) Petrology of Chara-ostracod micrites 

(i ) Petrography. -

This is the most heterogeneous group and comprises Chara 

micrites, ostracod limestones and calcareous shales, Some of 

the beds are detrital; they show small scale cross-bedding 

(2-5 cm.) and contain 5-10^ by weight of sand-size quartz. 

Shales are dark grey or blaok, rocks composed of Chara frag

menta are mostly brown vhen fresh but weather to a blue-grey 

or white, and the ostracod limestones are generally light- 

medium grey. Bedding is well developed and most of these rocks 

split readily into layers 2-5 cm. thiok. The thinner beds 

sometimes show deosioation cracks, while in others, vortical, 

sediment filled borings weather out (fig. 90), as do small 

Chara stems.
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In thin section Chara ia readily recognisable (fig. 92) 
usually as small stems or fragments of stems, and only rarely 
are oogonia seen. Amounts present vary from isolated pieces 
scattered throughout the rook, to beds that are composed almost 
exclusively of Chara fragments and matrix. The fragments have 
a light-yellow colour in section and consist of inter-locking 
aggregates of plane sided calcite crystals of from 4-20 ̂  

size. They are acicular in plaoes and this is seen particularly 
in longitudinal sections of the steins. Kodal cavities art 
usually filled with colourless calcite spar, hut a very few 
ocntain micrite.

Where Chara fragments are common, ostraoods are rare, but 
do occur as whole, spar-filled shells (fig. 92). Peleeypods 
too, are rare, occurring either as pleoohroic oaloite mosaics, 
or sometimes as drusy oasts, the boundaries of which tend to 
be blurred and merge with the matrix. The matrix is a light- 
grey micrite essentially similar to that of the Chara nieritea 
in the Cherty Beds (p.**^ ), with grain size variable but 
mostly about 3-4 jx- , though containing inclusion« of single 
oaloite crystals up to 30-40 fx. size, especially where ostra- 
cods are more abundant.

The ostracod limestones are firm, very evenly bedded rooks, 
usually a few centimetres thick and often containing thin (mm.)
clay partings. In thin section whole, spar-filled shells,
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vr.lves and fragments are abundant (fig. 93)t valves often 

nesting? one inside the other, while some of the whole shells 

are partially flattened. Moat of the shells are of light 

yellow calcite, but some are opaque and pyrltised. The valves 

and fragments are always planar oriented parallel to the 

bedding.

In some beds, calcite crystals seeded upon the prisms of 

the ostracod shell, and a thin border of clear cement can be 

seen surrounding the yellowish shell. In favourable circum

stances this proceeded further and acicular crystals developed 

producing a »beef* structure on a micro-scale (see fig. 101).

The matrix is a caleite-siltstone. Translucent in section the 

gr ..in sizes are from 6 ^  to 15 ̂  , with plane grain boundaries.

The presence of oilt3tone as a floor inside some whole ostracod 

shells points to its having been of discrete grains and mechan

ically deposited, not as having been a cement.

Quarts is ubiquitous in the o3traeod limestones which con

tain up to 10$ by weight in some cases. The grains are mostly 

angular or sub-angular and of 70-120 yu- size, though some sec

ondary enlargement of the grains appears to have occurred. 

Associated with the quarts are micrite pellets of 100-150 ̂  

diameter. These are usually brown or grey and ¡re clearly dif

ferentiated from the matrix. A few grains of a light green,
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isotropic, glauconite-like mineral are also present, apparently 

authigenic as it is seen to have irregular form and, sometimes, 

to have formed between two mech nically deposited grains. Pele- 

cypods are rare in thin section and are more usually seen in the 

hand specimen as thin layers of valves.

Shales are present as thin beds up to 33-40 cm. thick.

They are generally soft and plastic and readily weather to grey 

or black; some, however, form firm, thin, well-laminated layers. 

Non-carbonate content is variable from about ?5-55?i by weight, 

consisting chiefly of clay grade material and a little quartz 

silt. Organic matter is usually low, but a few beds are highly 

bituminous and yield a viscous brown oil on heating. Ostraoods 

are abundant in the sh ,le3, and pelecypod valves and fragments 

are sometimes common in layers, and may be entirely aragonitic 

(X-ray). The pelecypods are thin shelled and up to 1 om. width 

but mostly smaller. Many are broken but the fragments have 

not been moved and 3till fora the entire valve. Small oom- 

minuted fragments are also present in thin layers.

(ii) Origin. -

The similarities between this group and the micrites and
♦

shales of the Cherty Beds (p.'3-S) are evident. The mioritea 

here contain, perhaps, more fragments of Chara and less oaloite-

suid, which may indicate that they have been transported from
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their place of growth, and to some extent sorted by current 

action, but other-wise very similar environmental conditions 

mu3t have prevailed. The ostneods, species of Cypridea. 

evidently accumulated in conditions of gentle agitation, 

sufficient to winnow away any micrite that may otherwise have 

settled. Occasional more turbulent conditions are indicated 

by increased quarts: content and sm 11 scale cross-bedding.

The lamination in the 3hales generally imparts a good 

fi S3ility to the plane of the bedding, and seem3 to indicate 

comparatively slow deposition, as fast depo3itional rates usually 

produce blocky mudstones with unoriented clay minerals (Dr. F. 

Broidhurst, personal communication). This slow deposition, in 

turn, implies that the formation of the shales is likely to be 

due to a decrease in the amount of carbonate accumulating, 

rather than to an increase in the supply of terrigenous mat

erial. The shales probably formed in sheltered areas away from 

the site of active Chara growth, where only the finest carbonate 

was able to accumulate in more or less equal amounts with 

terrigenous mud.

(o) Petrology of pelecypod-gastropod limestones 
(i) Petrography. -

The rocks in this group are light grey-tan in outcrop, and
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form well defined beds up to 80 cm. thick. They are shelly 
limestones in which the matrix can be micrite, granular cement, 
or a mixture of both. The shells are mostly pelecypod fragments, 
planar oriented parallel to the be ,ding, with occasional whole 
valves (fig. 94). Gastropods are locally common, but ostracods 
comparatively rare. The peiecypod fragments often have a thin 
micrite envelope, and 3orae have micrite-filled borings. Most of 
the fragments are now mosaics of colourless calcite that show 
characteristics of a drusy cavity filling. A few, however, are 
of a slightly pleochroic brown calcite, and in these it is still 
possible to see lines of inclusions that mark original shell 
structure. Here and there, too, are small pieces of Ostrea 
shell, recognisable by the r lamellar oalcitic structure. The 
fragments generally have rounded ends, especially those with a 
micrite envelope, but some pieces are up to h cm. length and 
hinge areas are often well preserved.

Gastropod shells are always seen as drusy cavity fillings 
surrounding body-chambers that may be filled with micrite or 
drusy spar. Very rarely a Chara fragment can be found, more 
especially in the beds at Vorbarrow. Quartz grains are ubi
quitous, and in places small (13-20/u,) circular-walled bodies 
that may be Hystrichosphaerids are not uncommon.

Miorite matrix is both grey and brown in thin section.

The brown micrite occurs as small lumps or clots and has grains
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of 2 f  or lesa in size. The grey micrite, which occurs in 

more homogenous layers or patches, has grains of 4-5 . The

distribution of the micrite is very irregular, often none is 

present, and a coarse-grained granular caloite cements the 

shell fragments. Micrite is always subordinate to granular 

cement.

(ii) Origin. -

The presence generally of a good planar orientation to 

the shell fragments, indicates current action as well as a lack 

of scavenging below the deposit!onal surface. On the other 

hand, the occurrence in places of a micrite matrix shows that 

currents were not continuous, and that periods of quiescence 

occurred during which the mud was deposited. It was, perhaps, 

during such periods that shell fragments were bored - by 
gastropoda, peleoypods, algae or such like - and the borings 

filled by micrite, but such boring is rare.

The round ends of some of the fragments may have been pro

duced by dbraaion during movement by currents. Accumulation of 

these shell fragments resulted in a porous deposit. Some pore 

space was filled by micrite , the remainder was ultimately 

filled by chemically deposited granular oalcite cement. The 

preservation of the sheila indicates that solution of their 

aragonite shell and filling of the resultant cavity by drusy 

orlcite took place after cementation had occurred.
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Although a few pieces of Ostrea are present in these rocks, 

they are rare, and the bulk of the fauna appears to be of non- 

marine pelecypods such as Neomlodon, with occasional gastropods 

like Viviparus. Thes , together with the Chara fragments, 

suggest a fresh or braolcish water environment. The development 

of small amounts of possibly authigenic glauconite may, perhaps, 

indicate brackish conditions, as glauconite is normally assoc

iated with more marine environments (Cloud, 1955). This en

vironment would indicate that much of the miorite in the rooks 

was derived from 3hell comminution or abrasion, though the 

presence of the rare Chara al3o indicates some algally produced 

mud to be likely as well.

(d) Petrology of peleoypod limestones 

(i ) Petrography. -

This group consists of rocks with abundant brown, pleo- 

ohroic pelecypod shell fragments in either a micrite matrix or 

a granular oalcite cement (fig3, 94, 96).

The rooks with miorite matrix are firm and well-bedded, 

medium grey in outcrop. In thih section the micrite is seen to be 

variable in quantity, from as little as 5$ by volume to as muoh 

as 50;i* Generally it is a uniform grey, with grains of from

2-4 ll , but in places inclusions of larger crystals are common,
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yellow in colour. In addition, there are rare pellets and 

thin layers of brown micrite in which grains are less than 2 ju- 

sice, but these are not common. Occasionally the micrite 

grades into calcite-siltstone with grains of 6-10 fx • This 

is usually present in thin layers, perhaps where finer-grained 

material was winnowed away.

The shell fragments are almost entirely of peleoypods.

They are usually broken and only rarely are whole valves or 

shells found - be3t seen in the hand specimen. Ostracod valves 

•ore also present, often pyriti3 ed, and whole, spar-filled shells 

occur in places. Hare fragments of Oatrea are recognisable by 

their lamellar structure, but all other pelecypods are mosaics 

of browfa pleochroic oalcite (fig. 95)* Lines of small in

clusions marking original shell structure are common in these 

mosaics. The ends of the shells are generally rounded, though 

a few angular pieces are also present. Some of the fragments 

are opaque having been replaced by very fine-grained pyrite 

or marcasite (fig. 95). Others, contain micrlte-filled borings 

about 20 ^  diameter which permeate the whole of the shell 

fragment.

Some pressure solution has occurred in these rooks as 

frequently shells can be found that have pressed into other 

fragments without breakage but with a loss of shell material



Fig. 95. - Photomicrograph of pelecypod fragments with micrite matrix. The
mottled appearance of the shells is due to the patchy brown colour 
of their mosaic crystals.
Intermarine Beds. Durlston Bay.
Middle Purb e c k .

Fig. 96. - Photomicrograph of brown coloured pelecypod fragments, some heavily 
pyritised, with a  granular cement. The mottled appearance is due to 
the patchy brown colour of the mosaic crystals.
Intermarine Beds. Durlston Bay.
Middle Purbeck.

Fig. 97» - Pressure .solution between two shell fragments. The smaller fragments 
are st-en to have been pressed into the larger. It retains the micrit* 
envelope thus indicating the original shape.
Intermarine* Beds.
Middle Purbeck.

Durlston Bay
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(fig. 97). This wo aid indicate compaction prior to complete 

cementation. Angular to sub-angular quartz graihs of up to 

250 longest diameter are scattered throughout the beds, but 

are not abundant. small collophane bone chips are also present. 

Common, too, in hand specimen, though rarely seen in thin section, 

is the light green glauconite-like mineral described previously 

(p. °). This i3 very soft and is usually torn out of the

thin section during preparation.

Beds with a granular calcite cement are blue-grey in out
crop and contain abundant blackened shells. The fragments ex

hibit the same features as in the rocks with min rite m a t r i x ,  

though they are more pyritic, and there i3 more variation in 
their size. In some beds the shell pieces are relatively 

large, up to 5 -6 mm. long, though the end3 are rounded. In 

other beds, however, particularly where quartz is common, the 

fragments are much smaller and may even be single c r y s t a l s  <tf 

45-50 yw. size, still strongly pleoohroio. Q u a r t z  is generally 

more abundant in these beds and reaches 55$ b y  weight in some 

cases.

The cement is a typical granular oalcite, though the grains 

may be of small s i z e  ( 1 0 - 2 0 ^  )• The amount present varies con

siderably, and in some beds the shell fragments are so abundant 

and so well layered that it is hard to distinguish any cement.
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(ijL) Origin. -
The two rock types in thi3 group differ only in their 

matrix, and this in turn reflects the presence or absence of 

currents during deposition, which periodically winnowed much 

micrite away. The abundance of pelecypods, and the rarity or 

absence of other groups of animals, is indicative of non-marine 

conditions. The pelecypods, thou ;h generally too broken to 

permit identification, appear very uniform in thin section, and 

this may itself be due to a restriction of the species present. 

Restriction of 3pecies and abundance of individuals is usually 

interpreted as indicating conditions other than normal marine 

such as saline, lagoonal or brackish (e.g. Beales, 1955). In 

the present case the occasional presence of Qstrea. and in 

places of recognisable valves of Reomlodon. suggest brackish- 

water conditions as being the mo3t likely.

In general the shell fragments have a good planar orien

tation parallel to the bedding, and show relatively little 

evidence of disturbance. 3uch disturbance as i3 present 

affects only small areas and thin (J cm.) layers, and may be 

due more to Increased local turbulence than to scavenging. In 

any one bed the fragments are of much the 3ome sise, though 

there is considerable variation from bed to bed. Coarse det- 

rital quartz grains, and the absence of micrite in some bed3 ,
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aho.v cur ent action to have been appreciable at times. This 

all s u r e s t «  that most of the shell fragments are current 

sorted, and mechanically deposited. The rarity of vshole shells, 

and even of valves, supports the view th ..t these are transported 

assemblages, not life ones.

At the same time, the common pyritisation of the shells 

oould hardly have occurred if organic matter were not still 

present, and it appears unlikely, therefore, that the fragments 

were transported for long before final burial. Burial was then 

rapid enough for reducing conditions to develop below the 

sediment surface. This may account, too, for the formation of 

the glauconite. This is present as thin platy layers inside 

shell fragments, never as discrete grains. There is a rise 

in chlorinity of interstitial waters of a sediment (Shepard 

and Moore, 1955), and this, together with the presence of 

organic matter and reducing conditions (Cloud, 1955) might have 

been sufficient to allow its formation even if the depositional 

environment were not truly marine. It is, of course, possible 

that shells from a brackish environment were transported and 

deposited in a more murine one, but some evidence of a more 

marine fauna might then be expected.

The micrite matrix appears to have been largely derived 

by shell comminution, with some, perhaps, having been modified 

by faecal pelleting. Accumulation of shells must at times have
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been fairly rapid. This is indicated by the pressure-solution 

effects (p. ) which show that a sufficient weight of sedi

ment (shells) was available, prior to cementation, to cause 

solution. This is also indicated by the formation of reducing 

conditions in what was otherwise a hiph energy, and presumably 

well oxygenated environment.
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XI. SCALLOP BEDS 

(a) General Description

The Scallop Beds are a thin but distinctive group of 

limestones. They are 1.37 m. thick at Durlston Bay, 0.64 m. 

at Vorbarrow Bay, 0.73 m. at Mupe B ^ r , 0.50 m. at Lulworth Cove, 

but are not recognisable at Ridgeway. The beds are well defined 

shell-limestones (biosparites and biomicrites). Cream, tan or 

grey in outcrop they are clearly differentiated from the beds 

below and above which are usually grey calcareous shales or 

micrites, The fauna is mostly of pelecypods, but here species 

are more numerous and several genera are present. They include 

Ostrea. Gervillla, Corbula and Protooardia. Small gastropods 

are also present, though rare, and include marine species such 

as Paohvchilus manselli. Whole valves are often common, though 

complete shells are rare, while thin layers of finely comminuted 

shells separate the main beds, which are up to 65 cm. thick.

(b) Petrology

(1) Petrography. -

In thin section the Scallop Beds are very similar to the 

pelecypod-gastropod and pelecypod limestones of the Intermrine 

Beds. They are biomicrites and biosparitea, but wl th no olear 

distinction between the two. Shells are mostly of peleqypods,
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m  may vary from well-preserved valves down to small (50- 

1 0 0 /-) fragments, though in any one bed the pieces are fairly 

well-sorted. Ostracod valves and fragments are quite common 

in beds where the pelecypod fragments are small, but are cubsent 
from beds made up of large pelecypod fragments and v lives. 

Angular detrital quartz grains of 100-200 ̂  3ize are also 

common in beds with smaller fragments, Ohells are usually 

oriented parallel to the bedding* Ends are well rounded.

Pelecypod shells of ten have a thin (5-10y<>-) micrite en

velope surrounding them and some contain micrite-filled 

borings, though this is rare. These shells are now calcite 

mosaics that show the characteristics of a drusy filling. In 

a few cases the micrite envelope has been broken by inward 

oollapse evidently into a oavity (fig* 98). None of these 

micrites coated fragments shows any evidence of pressure- 

solution, unlike those without an envelope. Those latter con

sist of mosaias of patchily pleoohroio brown ealoite, often 

with thin lines of miorite inclusions indicating original 

shell structure. Here the effects of pressure-solution can 

be clearly seen where two fragments have pressed together 

(e.g, fig. 97). A. few of these shells are pyritised, and some 

have an irregular, thin co tin- of gol3en-brown micrite, quite 

unlike a normal micrite envelope and this is possibly organic 

in origin. The colour is retained on acetate peels.
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Micrite is present both as a matrix and as pellets and 

intraclasts. As a matrix it i3 a light to medium grey, and is 

rather inhoraoger.ous and patchy in appearance due to an irregular 

grain size. This varies from true mud-grade of 3-4 f*- up to fine 

silt of 10-151*. , occasionally larger. Pellets and intraclasts, 

on the other hand, are golden brown with grains of less than 

2^.. The pellets, which are about 50-100^ diameter, are some

times pyritiaed, and comparison with previously described forms 

(p. 9/ ) suggests them to be faecal. The intr .clasts often 

show internal structures such as superficial oolites, which 

have been truncated during the tearing-up process. They are 

most common where detrital quartz is abundant. A few shell 

fragments, too, appear to be intraolasts, containing gobbets 

of micrite in the concave part of the shell.

Caloite spar in the biosparites is a typical granular 
cement.. It is best developed in those thin (5-10 cm.) beds 
where quarts is common (up to 5̂  by weight) together with small 
angular pelecypoi fragments, ostraood3 and intraclasts. These 
thin layers separate the thicker beds with large shells, and seem 

to represent periods of much greater current activity.

(i i ) Origin. -

The chief differences between these limestones raid those
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of the preceding Intermarine Beds, are the more marine nature 

of the fauna, and ita better preservation. Although complete 
•shells are rare, whole valves are abundant and well preserved, 

and it seems unlikely that they can have undergone much trans

port and that they are essentially autochthonous. Some 

scavenging is indicated both by the micrite filled borings in 
shells, and by the micrite (faecal ?) pellet3, but the planar 
orientation and lack of angular edges of the fragments indicate 
that this was not extensive. Most shell breakage, therefore, 

is likely to have been caused by wave or current action, the 

presence of which is shown by the detrital quarts and intra

clasts. Periods of diminished currents are indicated by the 

presence of micrite matrix. Pressure solution and pyritisation 

show that deposition was rapid at times.

The similarity to groups (o ) and (d) of the Intermarine 

Beds suggests comparable depositional environments, modified 

only by the higher salinity and by less transportation of the 

shells. These beds may, in fact, be the offshore equivalents 

of Interm urine Beds that formed under the influence of lowered

3 -„Unities closer to land.
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III. CORBIJLA BEDS 

(a) General Description

The Corbula Beds are a heterogeneous sequence of shelly 

limestones (biomicrites and biosparitea), calcite-mudstones, 

calcareous shales and calcareous-sandstones. They have a 

maximum thickness of 11.82 m. at Worbarrow Bay, and are 

10.92 m. at Bur13ton Bay, 5.73 m. at Mupe Bay, 4 .8 4  m. at 

Lulworth Cove and 5.62 m. at Ridgeway. Paunally they are, 

perhaps, the most interesting of the Purbeck sub-divisions, 

containing abundant Corbula. together with Peoten. oysters 

(? Ostrea) and other unidentified pelecypods. In addition, 

marine gastropods such as Pachychilus and Promathildia are 

locally common, and species of Hydrobia are often abundant.

The beds are dark grey and often iron-stained, with the 

limestones standing out from the intervening weathered and 

usually covered shales. Hear the base of the sequence quartz 

sand is common, and one bed of calcareous-sandstone (BB 63,
•VB 100, MB 37, LC 65, fig. 14) seems correlative throughout the 

coastal exposures, serving to illustrate th t the greater thick

ness at fforbarrow Bay is largely due to an increased thickness 

of sediment at the base of the sequence. Of interest, too, 

is a »graded* micrite found near the top of the Beds (BB 6 6,

'YB 1 1 3 , MB 49, BC 73). Here, as in th hard Cockle Beds (p.*V )
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a succession of thin (1 - 2  era.) layers of pelmicrite gradually 

merge boundaries upward to produce a uniform mudstone. A 

sharp break then occurs and a pelmicrite lay. r follows and 

the se uence is repeated. As many as 13 such units have been 

seen in a bed 20 cm. thick.

Broadly speaking the bed3 may be divided into four main 

groups; raicrites and pelmicrites, biomioritee, biosparites and 

calcareous sandstones, sandy limestones and shales. These show 

many of the characteristics of the Scallop and Intermarine Beds, 

but with modifications and differences.

(b) Petrography of the micrites and pelmicrites 

(i) Petrography. -

These vary from almost homogeneous micrites to the •graded* 

pelmicritea described above. In outcrop, the bed3 are blue- 

grey, and up to 40 om. thick. In thin seotion they are medium 

to dark grey depending on the grain size. Thi3 is variable from 

true mud-grade of 2-5 f  up to a fine silt of 6 - 1 0  p- • Very fine 

(4-10^- ) opaque 3 pecks, possibly pyrite or maroasite, are dis

seminated throughout. Calcispheres of 3 0 ^  diameter are also 

<iuite common, and thin 3hell fragments and small spar or
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aicrifce filled ostracod shells may also be present. Where 

these are more abundant a few angular pelecypod fragments 

and rare, very thin-shelled valves may be present. Silt- 

size (2 0 ^-) quartz grains may occur throughout this mierite, 

but are more usually found in thin ( 5 0 ^ )  laminae.

Pellets of 90-150 diameter are usually present even in 

the more homogeneous miorlte, but more commonly ooour in layers. 

They are frequently pyritised or are often much denser and 

darker grey than the matrix. Elongate, with length-breadth 

ratios of 2 or 3 to 1 , many pellets have been partly flattened 

in the plane of the bedding. This ultimately led to the form

ation, by merging, of almost uniform micrite which, ho .ever, 

atill retains a faintly clotted appearance. Merging of the 

pyritised pellets probably accounts for the disseminated opaque 

specks. There is a variable amount of argillaceous material 

in the bed3, but it is always less than 57$ by weight.

(ii) Origin. -
There is no indication from the fauna that salinities in 

the Corbula Beds were ever gre ter than, if as high, as in 

normal marine conditions (35-3S;$<}. Gypsu-m or salt pseudomorphs 

are lacking where dessication-oracked surfaces occur, even 

though they might be expected in these circumstances. The 

dessication cracks do show that at times evaporation was suf

ficient to cause surface drying, and some mud may possibly have
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bean produced by physico-chemical precipitation during this 

evaporation. In general, however, the abundance of fauna and 

lack of dessication features would seem to preclude the proba

bility of much precipitated carbonate mud being formed. Plants, 

too, may have contributed to mud formation, but evidence ia 

lacking, and it appears, therefore, that most of the fine

grained carbonate was derived by shell disintegration and 

comminution.

A transition from well-formed miorite pellets, through 

flattened pellets to vaguely clotted mudstone frequently occurs, 

and there seems little doubt that much of the micrite was at one 

time pelleted. This pelleting, apparently faecal, has destroyed 

moat of the evidence regarding the origin of the mud.

It is probable that mud and fine silt-sise carbonate grains 

derived from shells was winnowed away by gentle currents to 

accumulate in less turbulent areas, where a bottom dwelling 

fauna caused pelleting and further loss of structure. Rapid 

burial resulted in pyritisation of pellets, and cyclic vari

ation in the environmental conditions seems to be responsible 

for the gradation of pellets to uniform mudstone.

(o) Petrology of the biomicrites 

(i) Petrography. -

The biomicrites are of two basic types that depend on the
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mode of preservation of the shells. These consist mostly of 

pelecypods, but with gastropods sometimes common and with rare 

ostracods, in a matrix mainly of micrite or calcite-siltstone, 

but at times with a granular cement also present. The micrite 

is generally uniform and grey in appearance but with some in

clusions of single calcite crystals 2 0 - 3 0 p  size, and occasionally 

contain small brown micrite-pellets. Crain size is variable 

from 4 - 1 0  , grains being irregular in shape but with plane

boundaries. In general, therefore, it is similar to the micrite 

described in the previous section (b).

Pelecypod shells are preserved in two ways. In the first, 

fragments have a thin mierite envelope (fig. 9 9 ) which is much 

darker and finer-grained than the matrix. The envelope surrounds 

the shell fragments exoept in the few cases where the end of the 

fragment is angular; mostly, the ends are round. In places the 

envelope has been broken as if by inward collapse (e.g. fig.

98). The shells are coarse mosaics of oaloite, mostly showing 

typical drusy features. In a few instances, however, in

clusion lines show relict shell structure and here, oalciti- 

a itijn 3 eems to have occurred in place , even though the pleo-
!

ohroism usually associated with this phenomenon is not developed. 

Fragments are of all sizes up to whole valves 1- 1 £ cm. long 

which are common in some layers. Very rare pieces of Qatrea 

or Peoten can be seen which show their original lamellar



Fig. 98« - Photomicrograph of pelecypod shells with micrite envelopes. The
envelope under the cross-wires has broken and partly collapsed, believed 
to be indicative of solution of the original aragonite shell.
Scallop Beds. Lulworth Cove.
Middle Purbeck.

Fig. 99. - Photomicrograph of pelecypod fragments and shells in a micrite matrix.
Most of the fragments appear to be worn and abraded and most are drusy 
mosaics. The large valve in the centre, however, shows faint inclusion 
lines and is an in place calcitised shell.
Cerbula Beds. Worbarrow Bay.
Middle Purbeck.

Fig. 100. - Photomicrograph of an in place calcitised shell, the crystals of which 
are outlined by pyrite. This indicates that calcitisation occurred 
early in diagenesis, in this instance.
Corbula Beds.
Middle Purbeck

Durlston Bay





Fig. 101. - Incipient development of 'beef'. Small piiiar-like calcite crystals 
have developed between shell fragments and forced them apart.
Corbula Beds. Durlston Bay.
Middle Purbeck.

Fig. 1QP. - Pelecypod valves and fragments that are intraclasts and contain attach« 
gobbets of micrite (dark grey). Micrite pellets and lumps, some quart* 
grains and a granular cement. Shells and pellets are partly pyritised 
(black).
Gorbula Beds. Lulworth Cove.
Middle Purbeck.

Fig. 103. - quartz grains and ostracod fragments in a granular cement. The quart* 
grain under the cross-wires has been partially replaced by calcite.

Worbarrow flay.Corbula Beds.
Middle Purbeck
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structure.

The second state of preservation of the peleoypod shells 

is similar to that described for some of the Intermarine Beds 

(p. /¿4). The fragments show brown pleochroic mosaics of 

cnlcite, with relict shell structure preserved, and must have 

been calcitised without a solution stage. Although the frag

ments in both cases have a general planar orientation para

llel to the bedding, it is often somewhat disturbed and 

irregular. The occasional angular edges indicate that this 

disturbance was due to scavengers, as currents would have re

moved much of the micrite matrix.

Some of the shells are pyritie. Often the pyrite is 

concentrated along an edge, but is usually disseminated through

out the fragment. Pyriti3ation must have post-dated alteration 

of the shell structure, as the pyrite is sometimes concentrated 

along the boundaries between the crystals of the mosaics 

(fig. 100).

Gastropods are recognisable as micrite or spar-filled 

body-ohamber oasts. The shell walla are now typical drusy 

mosaics* Most of the gastropods are broken, but a few are 

complete.

Quarts grains of 30-50 size are scattered throughout, 

and yellow, isotropic bone fragments are common.
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(Ü) Origin. -
These rooks are generally ill-3orted with every grad

ation from micrite up to complete valves of shells present.

The presence of these unbroken valves in some abundance implies 

that many of the shells may be at or close to their life en

vironment. At the same time, the well rounded fragments also 

suggest that abrasion was often effective, as rounding of sheila 

appears to require turbulence (Houbolt, 1957). Such granular 

cement as is present in these rocks is found where the fragmenta 

are smallest and most abraded, as might be expected if turbulent 

conditions existed to winnow away any miorite.

It appears, therefore, that somewhat variable conditions 

prevailed during the formation of these beds. Generally quiet and 

non-turbulent, the ftuina accumulated at or near where it died 

in a micrite matrix which, like that described in section (b) , 

would seem to have been derived largely from shell disinte

gration. Periodic turbulence broke and rounded shells and re

moved muoh raicrite, while disturbance by scavengers, though 

rare, helped to produce a 'mixed* and poorly sorted rock. De

position appears to have been rapid at times, allowing reducing 

conditions to form below the sediment surfaoe, and resulting in 

the formation of pyrite.
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(d) Petrology of the biosparit es 

(i) Petrography. -

As in the biomicrites, there are two distinct types of 

biosparite. The first consists of peleoypod valves and frag

ments having strong brown pleoohroism. These are often densely 

packed one on the other with a consequent reduction in the 

amount of granular cement. The shell mosaics are coarsely 

crystalline with relict shell structure well preserved in 

places indicating recrystallisation in place. A few shell» 

are completely pyritised but this is rare. More commonly, 

pyritisation is pitchy and seems to follow original shell 

structure rather than the recrystallised mosaic. Coarse quartz 

grains of 200-300 ^  size are scattered throughout. They are 

mostly sub-round or round, though not spherical. Yellow bone 

fragments, too, are fairly common.

A few beds can be seen in which there is an incipient 

development of »beef* (Richardson, 19?3), that i3, an arrange

ment of calcite prisms or crystals with long axes normal to 

the bedding or, in this case, to shell fragments. The crystals 

are from 50-300^- long and 10-50 jn wide. Here, they seem to have 

developed from the surface of thin and often pyritised shell 

fragments, and, in some cases, appear to have broken shells or 

forced them apart by growth from the centre of a fragment (fig. 

101). This could not have occurred in a rigidly cemented fabric 

and the development of ‘beef* here may be an early diagenetic
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effect. Associated with the 'beef* is a soft, green, isotropic 

mineral similar to that seen in the Interinarine Beds ( p . ^ °  ) 

and perhaps a form of glauconite. It is found as small irregular 

lumps, and also along the boundaries of beef crystals and is thus 

seen to post-date beef formation.

The second type of biomicrite consists of shell fragments 

that are intraolasts. They may be colourless drusy mosaics, or 

mosaics of pleoohroio calcite recrystallised in place, but most 

are enclosed within, or contain attached gobbets of, grey-brown 

miorite that may itself contain smaller 3hell fragments (fig. 

102). The pieces are well rounded and many of the smaller 

(300-500fi) fragments have a thin ( 1 0 coat of light yellow 

Oalcite, possibly oolitic or perhaps algal. Peleoypoda and 

gastropods are present, and whole valves are common with 00m- 

plete sheila not infrequent. Many of the fragments are pyritic. 

Coarse quartz grains of 250-300 size are scattered throughout, 

rounded but not spherical, but a few have overgrowths giving 

angular shape. The cement is typically granular but with some 

inclusions of single crystals derived from shells, as shown by 

their pleochroism.

(ii) Origin. -

The granular cement and coarse quarts grains in these 

rocks seem to indicate deposition conditions in which currents 

were continually effective, preventing deposition of micrite.
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The blosparitas are, in effect, coquinas, accumulations of 

current sorted and deposited pieces. Accumulation must have 

been rapid at times, so that reducing conditions were developed 

locally beneath the sediment surface and some of the shells 

pyritised. Here, pyritlaation appears to have mostly occurred 

before calcitisation of the shells. Lack of identifiable 

shells in the beds precludes estimation of salinity from the 

fauna, but the post-depoaitional development of glauconite

like mineral suggests that salinities could not have been far 

removed from normal marine.

The intraclast-biosparites clearly appear to be derived 

from normal biomicrites previously described ( p . ). They 

represent accumulations of fragments .aid lumps torn up from 

semi-consolidated biomicrite during, presumably, periods of 

stronger turbulence. The development of thin oolitic coats 

on some of the fragments poiurt3 to continued agitation in 

waters saturated with calcium e jrbonate.

(e) Petrology of calcareous sandstones, sandy limestones and

shales

(i ) Petrography. -

The calcareous sandstones contain from about 50-55!# by



Fig. 101. - Incipient development of 'beef'. Small pillar-like calcite crystals 
have developed betweea shell fragments and forced them apart.
Corbula Beds. Durlston Bay.
Middle Purbeck.

Fig. 102. - Pelecypod valves and fragments that are intraclasts and contain attach« 
gobbets of raicrite (dark grey). Micrite pellets and lumps, some quart* 
grains and a granular cement. Shells and pellets are partly pyritised 
(black).
Corbula Beds. Luiworth Cove.
Middle Purbeck.

Fig. 103* - quartz grains and ostracod fragments in a granular cement. The quart* 
grain under the cross-wires has been partially replaced by calcite.

Worbarrow flay.Corbula Beds. 
Middle Purbeck
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weight of quartz. Grains are well-sorted with a median si^e 

of about 150-200 jul, They are generally 3ub-angular but many 

grains have been replaced by calcite (fig* 103) so that the 

shape is not a primary feature. Most grains are clear, but 

a small percentage are filled by minute dark, unidentifiable 

inclusions. Heavy minerals present include stable forms such 

a3 tourmaline, zircon, kyanite, garnet and rutile. In the main 

sandstone bed near the base of the sequence there is a slight 

but distinct decrease in the quartz content from west to east,

56/ by weight at Lulworth, 54'/ at Worbarrow and 52/ at Durlston 

Bay. Also present are small shell fragments, mostly pleochroio, 

that are most abundant in the bed at Lulworth Cove. The cement 

is granular oalcite.

There are all gradations from calcareous sandstone to sandy 

limestone with about 25/ by weight of quartz, and to beds in
I
f

which tain sandy laminae with granular cement alternate with
|

i micrite. The main difference is in the increase of shell
|

debris and decrease in the amount and size of the quartz 

detritus, the grains of which generally average 80-100 ̂  dia

meter. Shell fragments may be ostraooda, or pelecypods which
I

are both pleochroic and drusy mosaics, the latter more commonly 

being assooi ¡.ted with the micrite layers. f
At Durlston Bay about a quarter of the sequence is formed

j
of dark grey to black clay shales. These decrease in importance

i
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to the west and are almost absent from the sections at Mupe 

Bay and Lulworth Cove. They are mostly covered and much 

weathered. The shales are finely laminated. Some layers are 

rowded with well preserved ostracods*. others contain crushed 

pelecypods that retain a white nacrous appearance and are still 

aragonite (stain test). Excluding shell material, the shales 

contain very little calcium carbonate (about l-2>£). They con

sist of terrigenous clays and fine quarts 3ilt, with a little 

organic matter. Small crystals of selenite are abundant in 

places, probably formed from iron sulphide in the shale.

(ii) Origin. -

The calcareous sandstones and sandy limestones, formed by 

influx of detrital quarts grains, are indicative of periods 

during which the deposition of ooarse terrigenous sediment over

shadowed the chemical and bioohemieal accumulation of oarbonate. 

Shales, on the other hand, represent periods during which little 

carbonate at all was formed and fine grained, land derived 

sediment alone accumulated. The fine lamination of the shales 

shows a lack of disturbance by burrowing organisms, perhaps due 

to stagnant bottom conditions. Undisturbed micrite bands in 

the sandy limestones also show lack of scavenging, and indicate 

that the shells in these rocks are not autochthonous, but that 

they accumulated with the quartz grains - as detrital particles.
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The upward increase in terrigenous sediment in the Corbula 

Beds may well represent an initial phase in the development of 

Wealden-type sedimentation. k decrease in the quarts content, 

and the increase in the amount of finer-grained material from 

v/est to east, suggest a westerly origin for this sediment, 

though lack of north-south control (as in the Hard Cockle Beds, 

p. 9 1  ) make3 this only speculative. Work on the -Yealien 

(Bathurst, 1953, Allen, 1959) has shown a westerly souroe for 

much of the Wessex Yealdeu sediment, and this may well have 

been initiated in late Purbeck time. The earleat Y/eaiden 

sediments in this area (Dorset) are muds and fine sands, which 

at first alternated with periods of limestone deposition 

(Bathurst, op. oit., p. 99), conditions apparently little 

different from those prevailing at times in the Corbula Beds#
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XIII. CHI2P B32F BUDS 

(a) General Description

This is the topmost division of the Middle Purbeck. 8.32 m. 

thick at Durlston Bay the beds thin to 5.4-8 m. at Worbarrow B q y , 

1.97 m. at Mupe Bay, 2.85 m. at Lulworth Cove and 1.36 m. at

Ridgeway.
As the name implies, a feature of the sequence is the 

presence of bands of 'beef*, or fibrous calcite (fig. 104). These 

are up to 20 cm. thick at Lulworth, where they are best seen. 

Cone-in-cone structure is well developed. The beds are al

ternations of dark clay shales, much covered and weathered,

'beef' bands and thin, bard, shell-limestones. These latter are 

sometimes eros3-bedded (fig. 105) and have ripple-marked sur

faces. They are darker coloured than in the Corbula Beds, and 

all are biosparites. Thin layers of 'perished* peleoypod shells 

occur in the shales, and ostricods are abundant.

In Durlston Bay the section is much covered as shales make 

up about | of the sejuence. These are less in amount relative 

to the limestones in the other localities, though at Mupe Bay 

and Lulwort Cove the beds are disturbed by folding and are 

again poorly exposed.



Mupe Bay
Fig. 10^. - Layers of fibrous calcite, or *beefl.

Chief Beef Beds.
Middle Purbeck.

Fig. 105. - Small scale cross-bedding in shell limestone.
Chief Beef Beds. Worbarrow Bay.
Middle Purbeck.

Fig. 106. - Photomicx-ograph showing small Ostrea fragment with its lamellar 
structure surrounded by pelecypod fragments with, in this case, 
in place calcitised mosaics. Note how the pyrite outlines the 
mosaic crystals of the large fragment at the top and compare with 
figure 100.
Internoarine Beds 
Middle Purbeck.

Durlston Bay
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(b) Petrology of the biosparites 

(i) Petrography. -

There are two main types. One, in which pelecypod frag

ments are abundant, and the other with ostracods as the chief 

fauna. The pelccypod biospnrites are very similar to those of 

the Corbula Bod3 (p. 1*21 ) consisting of closely packed shells 

and fragments with a granular calcite cement. The shells are 

*in place* calcitised mosaics with and without brown pleochroism, 

but with inclusion lines showing original structure. Micrite 

envelopes often outline the fragments which are sometimes 

pyritic, the pyrite generally outlining the mosaio crystals and 

therefore post-dating the calcitisation. Shell fragments 

generally have round ends, and are well oriented parallel to 

the bedding. Shell sine varies from bed to bed, but is rel

atively uniform within each bed.

0stracod3 are present as whole, spar-filled shells, valves 

and fragments. Slightly yellowish in thin section, some of the 

fragments are pyxitic and appear black. The fragments are 

oriented parallel to the bedding where whole shells are rare; 

where whole shells are common the fragments are more disordered. 

The shells are filled by spar which is often in optical contin

uity with the prisms of the shells. Quartz is rare, but small 

bone chips are common.
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(i l ) Origin. -
Both kinds of bioaparite accumulated rapidly under con

ditions of gentle current activity. Currents are indicated by 

the absence of micrite or silt, and also by ripple-mark 

commonly associated with these limestones, but they were 

evidently insufficient to transportmuoh quartz detritus.

Rapid accumulation is shown by the pyritisation, indicative of 

anaerobic conditions and organic matter below the sediment sur

face. The peieoypods are, for the most part, too fragmentary 

to permit identification, though in the shales there are shells 

of Heomiodon. Ostracods are species of Cypridea which include 

granulosa. These are indicative of predominantly fresh or 

brackish water conditions. The variations from pelecypod to 

ostracod limestone reflects local differences in environment, 

and to some extent, perhaps, sorting of shells by currents.

(o) Shales and *Beef*

Shales are insufficiently exposed and too highly weathered 

for adequate s a n p U n s  and examination. They appear to be eimllar 

to thoae described in the Corbula Beds (p./S'? ). that is, con

taining very little c rbonate other than as shell fra,aments. 

Unlike the Corbula Beds, no coarse quarts detritus is present.
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The shales are again thickest in the e3.3tern part of the area.
Formation of *beef* and cone-in-cone structure is des

cribed 0/ Richardson (1923) from the Lias, who ascribes it to 
growth of cal cite ..long planes of rupture, the crystals growing 
outward3 in both directions from the ¿/lane. He attributes the 
development 01 cone-in-cone structure to the stresses set up 
during the growth of the caicite fibres. Planes of rupture from 
which growth commenced here must have developed prior to the 
main tectonic movements, as the beef layers are folded and in 
places faulted. It is possible that they formed during the 
intra-Cretaceous movements which, in the coastal areas at least, 
were of a relatively mild nature.
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XIV. DIAGEÎTESIS 

(a) General

Diagenesis is here taken to include both the processes 

leading to lithification of a sediment, and those later eh urges 

that take place within the sediment at relatively low temper

ature and pressure. Problems concerning such aspects as com

paction, cementation, pyritisation and silicification, have 

been discussed as appropriate in the sections on petrology 

(e.g. P. ^|7 3 , S 3 ) .  One of the most interesting problems has 

only been mentioned briefly, and concerns the preservation and 

alteration of shell fabrics. Shells that were originally cal- 

cite (e.g. Qatrea, Pecten) retain their prismatic or lamellar 

structure and are essentially unaltered except for occasional 

silicification (fig* 105). In rare cases, too, aragonite 

shells are found unaltered in layers of impervious calcareous 

shale. These two cases are not considered further here. There 

are two remaining types of shell fabric found in the Purbeck 

rocks. They aret mosaics of drusy calcite, and mosaics of 

c ilcite or aragonite containing lines of inclusions that mark 

original shell structure. The crystals of this latter mosaic 

are frequently brown and pleoohroic.

(i ) T)rusv shell mosaics. -

These are calcite casts, filling cavities left by solu

tion of on original aragonite shell. They are generally found
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iii the biomicrites, but when seen in ’oiosparites are always 
surrounded by a thin xnierite envelope, or dust line. The 
Culcite mosaics show cost of the criteria listed by Bathurst 
<1938) au characteristic of drusy growth. In particular, they 

show uniformly extinguishing grains whose intergranular bound
aries are regular plane interfaces (fig* 107 \). There is 
generally an increase in grain sire inward from the margin, 
but sometimes ainole crystals extend from one wall to the 
other* No original shell structures are preserved.

The fabric criteria leave little doubt that these mosaics 

are cavity fillings, further evidence for which is «applied by 

the common inwards fracture of the micrite envelope, suggesting 

collapse into a cavity (Mr. TUG.0. Bathurst, personal communi

cation).
In biomicrites, solution of the aragonite must have 

occurred after at least partial lithificatlon, as the borders 

of the cavity are sharply defined, and could ha dly have been 

preserved had the sediment been unlithified. Breakage of the 

micrite envelopes in bloaparites ie usually attributable to 

another fragment (of shell, or an oolite, etc*) having been 

pressed against it* This could not have occurred in a rigidly 

cemented mosaic, and aragonite solution must here often have 

occurred prior to complete cementation. It «eem3 likely, 

therefore, that solution of aragonite «hells was an early dia- 

genetic phenomenon*



-193-

(11) Pleochroic shell mosaics. -

This second type of shell mosaic first becomes apparent 

only in the Middle Purbeck (it is also present in the Upper 

Purbeok). Crystals forming the mosaic may be roughly equant 

or columnar but are often of very irregular shape. They vary 

from about 1 0 - 3 5 0 ^  in size, though columnar grains may reach 

nearly 500 ^  length and often show a preferred orientation 

with the long axis normal to the shell walls. As in drusy 

mosaics, the smallest grains are often found along the margins 

of the shell wall, but there is a distinct difference in the 

intergranular boundaries. Plane boundaries are uncommon, and 

the grains have characteristically irregular outlines that 

appear curved, consertal, or made up of short straight lines. 

Figure 107 B. is a camera lucida drawing that illustrates these 

boundaries and compares them with those of a druay mosaic 

(fid. 107 A).

In ordinary light the mosaic crystals vary from colourless 

to medium brown, and in polarised light these brown crystals 

are strongly pleoohroic from pale straw to dark brown, with 

maximum pleoohroism in the E — w position. The pleochroism 

may be localised, even within a single ealcite orystal, a part 

of which may be colourless, and a part dark brown.

Common, toot in these mosaics, are lines of small in

clusions which appear to outline original shell structure, and
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upon which the anhedral crystal mosaic i3 superimposed (fig.

107 C). This phenomenon has been commented upon by Nelson 

(1959» P* 66) who cites it as evidence that the shell has 
undergone a solid state recrystallisation from aragonite to 

calcite. T i&t is, no solution stage occurred. It is sig

nificant that thi3 mosaic i3 found only in originally aragonite 
pelecypods and gastropods, never in ostracod3, or in calcite 
peleoypods such as Oatrea.

Although this mosaic is usually of calcite, one specimen 

examined, that shows similar features, was found by stain tests 

(confirmed by X-ray) to be still mostly aragonite. H e r e , there

fore, seems to be a half-way stage in the development of the 

mosaic. The original aragonite shell with prismatic or 

lamellar structure, changed to an anhedral aragonite mosaic 

which subsequently became caloitised. No solution stage 

occurred, and though this type of mosaic is often devoid of a 

micrite envelope, in those cases where one does ooour it is 

always entire, no evidence of collapse being present.

The cause of the brown colour is not clear. According to 

Dr. J, Hudson (personal communication) it is related to minute 

inclusions within the calcite crystals. This is supported b y  

the observations of Emery (1954, p. ¿23) who notes the ooour- 

rence of brown or yellow-bro n oalcite in sediments from the
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cores on Bikini atoll, and oomments that under crossed nicols 

it contains "matted needle like birefringent crystals about X p  

long". He also records a brown lineation, parallel to shell 

walls but formed of interlooking, roughly parallel crystals 

perpendicular to the shell wall (op. cit., p. 231). Emery 

suggests, however, that the colour is due to a small percentage 

of organic matter in the shell.

The common association of pyrite with this mosaic suggested 

that the brown colour might be due to high iron content, and 

several thin sections were treated with potassium ferricyanide 

in Ifj HC1. Most of the brown shell fragments stained to a dark 

blue showing the presence of iron. Granular cement, ostraood 

shells and drusy mosaics remained unstained. Colourless oalcits 

veins cutting some sections al3o stained blue, suggesting that 

the calcite in them wa3 derived from iron rich shell fragments, 

while the granular cement was not.

,/hatever the cause of the brown colour, it is significant 

that it first appears in the Marly Freshwater Beds and is present 

only in the Middle and Upper Purbeck, where brnokiah water con

ditions were so common, and it s =ema possible that the oolour 

is related to factors s ¡oh as the salinity at the time the shell 

was forming. However, further study i3 needed, particularly 

to determine the range of genera or species that show this 

colour; are they restricted, or is there wide variation'’
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Calcitisation generally seems to have occurred early in 

the history of the rock (the aragonite mosaic notwithstanding), 

certainly before final cementation, as a rule. This is shown 

by broken shells that have separate crystals on either side of 

the fracture that would be in optical continuity if reunite1. 

The calcitisation evidently occurred prior to the fracture and 

hence prior to cementation, otherwise movement of the two parte 

would have been impossible (fig# 107 D.).

(b) Dolomitisation

Ho dolomite has been found in the Dorset Purbeck, and this 

is somewh t surprising in view of the environment proposed for 

the Lower Purbeck. It has recently been said, for instance, 

that " ... limestones closely associated with contemporaneous 

evaporite lagoons seldom escaped extensive dolomitisation" 

(Adams and Rhodes, I960, p. 1913). Dolomite is present in the 

Purbeck of the Swiss Jura (Carozzi, 194-8), and also the French 

Jura, though there dédolomitisation has often occurred 

(Shearman et. al., 1961), No evidence of dédolomitisation has 

been seen in the Dorset rocks, and it is considered as unlikely 

that any dolomite was ever present in them. It may be that
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there was insufficient magnesium, but this seems unlikely in 

view of the presence of high magnesian calcite in some of the 

algal beds (P. "  K  and it is thought more probable that the 

evaporitic conditions did not persist long enough for dolo

mitisation to occur.

(c) Plagenetic History

It is now possible to give a somewhat generalised summary 

of the diagenetic history of these Pu.beck rocks. Naturally, 

with varying conditions diagenesis proceeded differently from 

place to place, but none the less the following scheme is 

suggested a3 being generally applicable.

1. Deposition of the sediment.

2 • (a) Modification by scavengers, formation of

faecal pellets and of burrows. Infilling of some 

shells by sediment. Bahamite formation.

2. (b) Compaction, expulsion of connate waters and 

some pressure-solution as burial proceeds.

3. Commencement of pyritlsation (p.183),

4. Initial formation of granular cement rims in bio- 

sparites, partial lithification of micrites (p. ^ 4 ) ,

5. (a) Solution of aragonite shells, breakage of 
micrite envelopes (p. J 3  ), infilling of cavities 

by dru3y calcite (p. 89 ).
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5. (b) Calciti-ation in place of aragonite

shells (p. 1 ).

6. Further pyritisation, development of 'beef*, 

formation of glauconite ° (V-/r7» /8^

(3-6 probably more or less contemporaneous)

7. Final cementation, drusy infilling or mo3t re- 
maining caviti e s •

8. Epigenetic replacement of calcite by ¿gypsum (or
anhydrite) )• Deep burial.

9. Gypsum dehydrates to anhydrite. Folding and 

uplift.

10. Main period of silicification (p. /*8 ).

11. Hydration of anhydrite to gypsum (p.5"8 ),

12. R e p la c e m e n t  of gypsum by calcite ( p . 5 8  ).
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XV. CONCLUSIONS 

(a) Lower Purbeck

In previous sections (III - VII) various suggestions were 

made for the probable origin of the several rock types. These 

rocks have been described in detail and it is possible to place 

them into five broad groups that correspond approximately, but 

not absolutely, with the lithological sub-divisions of Bristow. 

These groups are here called

Algal facies 

Bahamite* * facie«

Gastropod - pelecypod facies

Saline facies

Mudstone - shale facies

The algal facies at the base of the Purbeck represents a 

continued restriction of the Portland lagoon in which Solenonora 

had occurred in reef-forming quantities (fig./os ). increased 

salinity generally limited the invertebrate fauna of the basal 

Purbect, but was suitable for the grovth of some carbonate pre

cipitating and stroraatolitic algae. A coast line close to the 

west of Portland and Portisham is indicated by the occasional 

presence of a braokish-water fauna in some of these algal beds 

by the development at times of land surfaces in the western part
was ------- ----  . -

*The term bahamite/introduoed by Beales (1 9 5 8 ) to aoolv to oel 
lets and lumps of oarbonate-mudstone, believed to be formed bv" 
accretion in the manner described by Illing (1 9 ^4 ). it is DLr 
h ps, an unfortunate term, as it necessarily imrlies a close 
comparison with Bahaman environments, which might not alwava 
apply. Nevertheless, it is retained, for the present, as Com
parison with the Bah amis h as here been suggested (p. 7 0  )



-200-

of the area, and by erosion of the topmost Portlandian on the 

Isle of Portland. The sediment filling the channel previously- 

mentioned (p. , fig. 4) contains not only derived Portland

fossils, but also fragments of Ghara. brought in, perhaps, by a 

freshwater stream from the west or aouth-weat. Chara is also 

found in the basal beds at a higher horizon at Portiaham (West, 

1961).
Thickness of the algal beds shows optimum conditions of 

growth and preservation to have been in the Lulworth Cove - 

Mupe Bay area. The beds are thinner to the west, possibly 

because of lower salinity, and to the east because of higher 

salinity though other, local factors, such as clarity of the 

water would undoubtedly have been equally important in con

trolling algal growth. Rearer to the coast for example, it 

ia possible that greater opaoity of the water limited algal 

development even though salinity may have been optimum.

Published descriptions of the Purbeck beds once exposed in 

the Vale of Wardour (now mostly oovered) and at Swindon, provide 

little information with which to compare the Dorset rooks. 

Woodward (1895, p. ¿6 9 ) remarks that the Lower Purbeok beds at 

»Vardour ”... resemble in some respects the lower beds at 

Lulworth Cove, and Worbarrow". The evaporite forms of ostracod 

♦Gyprle* purbeckenaja and ♦Candona* bononiensls are recorded, 

however, suggesting that saline conditions were present, at times 

at least. The age of the Swindon Bede is controversial (see
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Sylvester-Bradley, 1940). Accord!ns to Anderson (personal 

communication) the beds represent only marine phases of the 

Middle Purbeck. Recently, ’»vest (1961) has cited evidence in 

support of a Lower Purbeck age for those beds. Both at Svdndon 

and Wardour the thickness of the beds is much reduced from that 

of the main Dorset outcrops, and it does appear that they were 

situated not far from the border of the Purbeok (Wessex) lagoon.

The main Dirt Bed provides evidence of a land surface over 

much of the Dorset area. Although well developed at the centre 

of the Isle of Portland it thins and is absent at the south end 

of the island where sub-aerial conditions do not appear to have 

developed. It is also absent to the east >f Worbarrow Bay. 

Figure 109 A. shows the distribution of the Bed and an approx

imate shore-line at this time. A return to algal lagoon faoies 

followed the formation of the Dirt Bed, even-laminated stroma

tolites below and above it being indicative of tidal-flat

environments.

Continued evaporation led to the development of saline 

conditions over much of the Dorset area. Replenishment of the 

water must have been continuous, however, as there does not 

appear to have been any lowering of water level and re

development of land surfaces, such as might be expected around 

the borders of an enclosed lagoon. Connection with the sea 

would therefore seem to be indicated - to the south? Actual
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evaporite deposition (anhydrite or gypsum) did not extend much 

to the west of Lulworth Cove, and increased in thickness east

wards. This saline phase wa3 of relatively short duration but 

is important in providing an explanation for the origin of the 

Broken Beds (p.2* ). Figure 109 A. summarises the information

for the algal facies and first saline phase.

The succeeding bahamite facies was widespread. It is con

sidered that at this time most of the Dorset area was a shelf 

that bordered a shallow saline lagoon, in the centre of whioh 

evaporites continued to form. Upon the shelf, physico-chemical 

precipitation of calcium carbonate mud occurred, which, owing 

to agitation of the waters, formed pellets and lumps in a 

manner similar to that on the Bahama Bank3 . Figure 110 ehows 

such pellets from the bahamite facies at Portishsun. They com

pare very closely with those from the Bahamas figured by Illing 

(1954» P* 34). This facies appears to have had its maximum 

development in the Worbarrow region, decreasing both to the 

west and east. The poor exposure at Durlston Bay limits recog

nition of the facies there, but similar beds are certainly 

present in the Arreton borehole, where they occur above a thick 

basal anhydrite, and are associated with epigenetic anhydrite 

replacement (see fig. 43).

Conditions necessary for the formation of bahamites seem



-2 0 3-

to be relatively shallow, warm, agitated waters with salinities 

slightly higher than normal marine (Beales, 1958). High sal

inities are certainly indicated by replacement textures after 

nhydrite, and too, by the sparse fauna of this facies. Algae, 

however, continued to grow through their recognisable remains 

are not plentiful. There is no direct evidence as to the 

position of the coast line at this time. Ripple-mark in the 

Cypris Freestones from Durdle Door to Vorbarrow Bay, if approx

imately parallel to the coast, show it to have been to the north 

■west and west, but the exposures are really insufficient to 

justify any firm conclusions.

The period of bahamite formation on the Dorset shelf was 

ended by a lowering of salinity due, most probably, to influx 

of freshwater from the west. This is indicated by the appear

ance of detrital quartz in sediments west of Worbarrow Bay, 

quartz content increasing to the west. The lowered salinity 

enabled a gastropod and pelecypod fauna to establish itself.

Brief periods occurred, however, during which bahamite con

ditions returned, but ultimately the gastropod-pelecypod faoies - 

in which detrital quartz is common - spread over muoh of the 

Dorset shelf, and is present to a limited extent also at 

Arreton.
As described on pages °l°)-> o o ( there is a distinct faunal
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difference between Mupe Bay and Worbarrow Bay. It was sug -ested 

that this was due to higher salinity in the east, arid points to 

the freshwater as coining from the west. Figure 109 B. sum

marises inform tion for the bahamite and the gastropod-pelecypod 

facies.

Maintenance of conditions suitable for an abundant fauna 

depended upon continued influx of freshwater from the west to 

count rbalance influx from the open sea, probably to the south 

or south east, ''/hen this freshwater supply ceased, then 

evaporation and concentration of the water led to the re

development of a saline facies. Carbonate precipitation was 

again widespread on the Dorset shelf but lack of agitation in

hibited bahamite formation. Instead, calcite-mudstones formed, 

which were modified at times by the activity of a sparse fauna 

to produce pexmicrites. Locally, salinity was high enough to 

lead to the deposition of gypsum, a3 at Worbarrow and Duriston 

Bay. At times conditions must have closely resembled those of 

the Basal Beds, as Codiacean and 3tromatolitic algae are present, 

notably in the pellet beds (p. ), These beds, v-hioh thicken

to the west, are formed of fragments of either algal coated 

micrifce, or stromatolitic lumps. Dessication cracks preserved 

in some of these fragments point to their origin on mud flats, 

probably tidal.

This second saline phase was ended by a lowering of the



Fig. 108. - Photomicrograph of a longitudinal section of Solenopora. Well defined 
walls of 'algal dust*, with irregular but strong cx*oss partitions.
Upper Portland. Durlston Bay.

Fig. 110. - 'Bahamite' pellets and lumps from the Cypris Freestones at Portisham. 
Compare with the photographs of Illing, 195^* P* 3̂ *
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salinity which culminated in freshwater conditions over the 

whole of the Dorset area by the end of Lower Purbeck time.

It seems likely that by this time contact with the sea had 

finally been broken, and that the Purbeck lagoon had become a 

freshwater lake in which the mudstone-shale facies was de

posited. Figure 109 C, summarises the information for the 

mud3tone-shale facies.

Figure 111 is a generalised cross section from tforbarrow 

Bay to the Lulworth Cove area and shows the overall relation

ship of the various facies in this region. Correlation to the 

east and west would be only tentative, but the five facies can 

be recognised at the various localities. Superimposed upon these 

main lithological units, which represent the response to major 

changes in environmental conditions, are small-scale variations 

due to local environment, not shown upon the cross section, and 

best studied, probably, by observation of variations in the 

0 3tracod species (see Anderson, 1932)*

(b) Middle Purbeck

The Middle Purbeck is harder to summarise, for it is not 

aa easy to recognise distinct facies within it. Nevertheless, 

it is evident that conditions during Middle Purbeck time were 

much different from those proceeding. This is shown by the 

large increase in the fauna, and the abundance of shell lime-
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stones - ao noticeably rare in the Lower Purbeck. At the base 

of the Middle Purbeck, however, below the Cinder Bed, save for 

the presence of Cypridea „granulosa and some thin beds of shell 

limestone, conditions differed but little from those of the 

mudstone-shale faoies of the Lower Purbeok and these lowest 

beds may well be grouped with that facies. Certainly they are 

also of freshwater origin, with Ohara abundant.

The Cinder Bed was formed during a major marine phase that 

can be recognised throughout N.'.V. Europe (though not necessarily 

containing oysters), and marks the re-establishment of a con

nection with open sea. The phase appears to have spread into 

the Dorset area from the east, or more probably the south east, 

and true marine conditions reached as far as Durlston Bay. 

Elsewhere in Dorset, estuarine conditions appear to have been 

present •

It is possible to consider the remainder of the Middle 

Purbeok ao comprising two main faoieo, a bioclastic and a 

terrigenous facies. The bioclastic facies consists of blo

nder ites and biosp.rites, but also includes the ouicite-raudstones 

a3 distinct from calcareous shales. These bed3 accumulated 

under conditions that varied from freshwater to almost normal 

marine, but unlike the Lower Purbec , saline conditions do not 

appear to have developed. Faunal study (Dr. F.W. Anderson, 

personal communication) reveals that marine phases (some of
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very brief duration) periodically raiaed the salinity of what 

wag generally a brackish water environment in which peleoypoda 

and gastropods were abundant.

The terrigenous facies includes the calcareous sandstones 

and shales and becomes increasingly important towards the end 

of Middle Purbeok time, and, as previously suggested ( p . ^ 6 )f 

may well represent initial phases in the development of Wealden 

type sedimentation.

During much of Middle Purbeck time, conditions appear to 

have been closely comparable to, for example, some of the coastal 

lagoons of the Gulf Coast of the U.3.A. These lagoons are al

most separated from the open sea by barriers, and salinity of 

the lagoonal waters depends chiefly on such factors as the rate 

of inflow of freshwater from streams, and on evaporation. Periods 

of drought lead to an increase in the salinity of the lagoons 

(sometimes as high as 40^«) and allow a marine fauna gradually 

to establish itself. Floods then cause a rapid lowering of 

salinity and mass mortality of the marine fauna (Parker, 1959» 

p, ?105). Cycles similar to this have been shown to occur at 

the base of the Middle PurbeoA (Anderson, 1932) and may well 

have occurred throughout. There in no evidence here, however, 

tfcrt salinities ever increased to the extent recorded on the 

Gulf Coast.
Figure 112 ia a diagrammatic cross-section to illustrate
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the general appearance of the two main f a d e s  of the Middle 

Purbeek. No attempt has been made to correlate in detail.

(c) General conclusions

This description oi Dorset sediments of Lower and Middle 

Purbeck agi, differs from that given in the literature, in 

that the ev .pol itic character of the bottom half of the Lower 

Purbeck, and the algal and baharnite facies in particular, has 

not previously been recognised. Occurrences of gypsum have 

been .scrxbed to formation in localised evaporating pans; while 

though lgae have been suspected (e.g. \rkell, 1 9 4 7, p . i26), 

their presence had not been proved. The importance of these 

plants as producers of calcium o rbonate in the Purbeck has 

been shown in this petrological study, * study that furnishes 

an example oi ho petrographioal examination of sediments can 

modify conceptions of environment based solely upon a study of 

fauna. It emphasises how important it is that fauna (and flora) 

and the sediment should both be studied if reliable palaeo- 

geographioal reconstruction i3 to be made.

ïh° present study still leaves work to be done. There is, 

for example, the problem of a more exact correlation of major 

faoies, especially In the Millie Purbeck, and more p rticularly 

of let rminin3 micro-facies within the major ones. A ireoohemicol
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study, too, might provide valuable information on salinity

changes during deposition that coaid perhaps be correlated 

with changes in the ostrucoda (of. Anderson, 1932). The highly 
weather,d nature of the coastal exposures, however, may make 
this study difficult.

Diagenetic problems discussed are not specific to the 

Purbeok but ire common to most limestone se .uenoes« Calciti- 

sation of aragonite shells »in place» is recorded elsewhere 

(Nelson, 1359), but the development of pleoohroiam on such a 

large scale seems to be due to peculiarities of environment 
that were common during Purbeck time.



APPENDIX A, z METHODS

Petrological study was carried out with standard thin sections used in 
conjunction with binocular examination of polished surfaces. Comparison of 
thin sections with the surface from which they were cut, soon enabled direct 
interpretation to be made from polished surfaces alone| this appreciably re
duced the number of thin sections required.

Sections of fino-graln.d crbonst. rock. or. often hard to interpret 
o.ln« to Beck, line effect, end internal di.p,r.ion of light da. to the high 
refractive indie and birefringence of the carbonate mineral. ... „00d>
1 ^ 1 ) .  0 . .  of acetate p.ei. overcame thl. difficulty. Th... .ere preparad b y

flrot -».thing a «u-f.ee of th. rock .ith number 600 carborundum pewd.r, and 
then etching this eurf.ee for 3 minute, in 1* hydrochlerio acid. Thi. etching 
period ... found t. be gener.lly eatl.f.otory for .out epeei..™. tt. .tah.d 
eurfuce .a. driad. covered .1th a film of acetone, .nd . sheet of cellule., 
•cetate pr....d firmly do™ on to th. .urf.ee, car. b.in,; taken to anaur. that 
to. much .«tone ... not present, otherwise th. sheet crinkled. The apeclmen 
. «  than left, pr.fer.bl, overnight, though tho sheet may he p..l.d off after 
15 minute, if required. It ... ..»hod i„ dilute HC1 to remove erc.ee carbonate, 
dried, trimmed and mounted dry under a cover slip. Th. p..i r,Uin6 th<J ^  

linen of the etched cryatala (and cleavages), and even mud grain, of 1-2 n 
•iae can be clearly seen under high-pc.er «unification. Photomicrograph, of 
peels are illustrated by figures 36 % 69
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The m i n e r a l o g y  of c a r b o n a t e  rocks is readily d e t e r m i n e d  by  m e a n s  of 

v a r i o u s  s e l e c t i v e  s t a i n i n g  techniques. I nitially, L e m b e r g ' s  s o l u t i o n  was 

u s e d  to test for the p r e s e n c e  of dolcu.ite , but s u b s e q u e n t l y  a scheme was 

adopteu f o l l o w i n g  that o u t l i n e d  by F r i e d m a n  (1959). C u l c i t e  w a s  d i s t i n g u i s h e d  

from a r a g o n i t e  by m e a n s  of  F i e g l ' e  solution, in w h i c h  a r a g o n i t e  turns b l a c k  

a f t e r  a few minutes, c a l c i t e  (end d o l o m i t e )  b e i n g  u n a f f e c t e d .  C a l c i t o  and  

aragonite m a y  be  d i s t i n g u i s h e d  fro m  d o l o m i t e  b y  m e a n s  of A l i z a r i n e  lied S in

Q.l>t> HC1. C a l c i t e  turns d e e p  r e d  a f t e r  a few minu t e s ;  d o l o m i t e  is una f f e c t e d .  

T h e  m a i n  c a r b o n a t e  m i n e r a l  f o u n d  in the P u r b c c k  w a s  calcite. A r a g o n i t e  is 

p r e s e n t  in s h e l l  f r a g m e n t s  in a few places, but n o  d o l o m i t e  was d e t ected.

Som e  a l g a l  l i m e s t o n e s  are h i g h l y  m a g n e s i a n ,  and a n a l y s i s  of two P u r b o c k  samples 
g a v e  1 0 . 8  and 1 1 . 2 %  M g O  r e s p e c t i v e l y  (analyst, D. Powell), b u t  s t a i n  t e s t s  for 
hi g h  rougnesisn c a l o t t e s  we r e  not s a t i s f a c t o r y .  A h i g h  i r o n  c ontent i n  c a l c i t e 

c a n  be dete c t e d  with p o t a s s i u m  f e r r i c y a n i d e  in 1 %  HC1. T h i s  s t a i n s  i r o n  r i c h  

c a l c i t e  blue, and was found in s e v e r a l  p l a c e s  in the P u r b e c k  beds, m o s t l y  i n  the 

brown, p l e o c h r o i c  m o s a i c s  ( p ).
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AFFKNDIX B. - PaLaEOBOTaNY

CHLORGPHYCOPHYTA
Codiaceae

Ortonella. Garwood 191̂ +.
O r t o n e l l a  n o d o s a  ( A n d e r s o n )  19^+8.

F i g u r e  2V

S m a l l  s u b - s p h e r o i d a l  n o d u l e s  up to ¿-j> cm. d i a m e t e r  b u t  u s u a l l y  smaller. 

The n o d u l e s  are m e d i u m  b r o w n  on f r e s h  s u r f a c e s  imp a r t  n g  a c l o t t e d  a p p e a r a n c e  

to the rock, but w e a t h e r  to a p o r c e l l a n o u e  w h i t e  o r  tan. I n  t h i n  s e c t i o n  the 

n o d u l e s  sh o w  r a d i a t i n g  filaments, c i r c u l a r  in  c r o s s  s e c t i o n  a n d  s e p a r a t e  from 

o n e  another. F i l a m e n t  w a l l s  a r e  c o m p o s e d  of f i n e - g r a i n e d  c a l c i t e  ( l e s s  than 

k jx., the a l g a l  dust of  Wood, 19^1), a n d  e n c l o s e  c o a r s e  grai n e d ,  t y p i c a l l y  d r u e y  

calcite. In  a n y  o n e  n o d u l e  f i l a m e n t  d i a m e t e r  is q u i t e  r e g u l a r ,  a n d  v a r i a t i o n  

b e t w e e n  n o a u l e a  is from 30-55^»., the a v e r a g e  b e i n g  a b o u t  , F i l a m e n t s  are  

s t r a i g h t  o r  sligh t l y  sinuous, s u b p a r a l l a l  wi t h  m a r k e d  d i c h o t o m o u s  b r a n c h i n g  

w h i c h  a p p e a r s  to be  m o r e  r e g u l a r  t h a n  i n  C a y e u x i a  Frollo.

Horimonl Basal Beds.

O r t o n e l l a  cf, -.’a r e a t a  G a r w o o d  191^»

F i g u r e  72

An encrusting form usually found as a thin coating to large micrite peb

bles or intrude*ats. The filaments are completely separated and widely spaced.
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utraight or slightly sinuous, they are circular in cross section with dia
meters of fr rn 30-40 fx- , averagin 35 f  . There is irregular but marked di
chotomous branching from both sides of the main filament, usually at an angle 
of about 40°.

This form differs from 0. furcata Garwood (1914) in its encrusting rather 
than nodular habit, and in its mere frequent and irregular branching. Here, it 
occurs with ^rvunella ep. of diameter 80-100^  and is intimately associated 
with stromatolitic forms.

Horinont Soft Cockle Beds.

CHLOHOPHYCOPHYTA ?
Poroetromata
Girvanella Nich. and Eth. 1880. 

intermedia ? Wethered.

Found in nodules of up to 2 cm. diameter that resemble those of 0. nodosa 
in hand specimen. In thin section they show twisted, vermiform filaments with 
thick well-defined walls of algal dust. Filament diameters vary from 60-100jL  
they are separate and unbranched. This form closely resembles G. intermedia 
but preservation is insufficient to confirm the diagnosis.

Horizon! Basal Beds.

Qlrvanella spp.

Several indoteroinate forma probably referable to «re found in
the Basal Beds and the Soft Cocule Beds. Filament diameters vary from 45—50
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up to 80-100 ji. , rarely up to 120 -̂. There is insufficient material to attempt 
further specific identification.

CÏANOPHYCOPHYTA
Spongioatromata
Spongiostroma Gurich 1906.

"Spongiostroma'1 s. lato.
Figures J2 - 35.

This occurs as small button-like fragments of up to 1 cm. size which 
formed around a nucleus, or as larger, more or less continuous layered struc
tures several centimetres thick. Little or no microstructure is preserved, 
though very rarely traces of thin filaments may be seen. The buttons are 
similar to Pynenoatroma, though they are generally not so distinctly laminated 
as the forms figured b; Gurich (1906).

Spongioatrqma a. 1. differs from dponaiostroma Gurich in having leas well 
preserved filaments, otherwise the structures are closely comparable.

Horizon: Basal Beds.
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SUMMARY

Philip R. Browns Petrology of the Lower and Middle PurbecR Beds of Dorset

This petrological study of Dorsetshire sediments of Lower and Middle 
Purbeck age was carried out to determine their depositional environments, 
and to see how this changed with time. Five major facies are recognised in 
the Lower Purbeck, and two in the Middle. The Lower Purbeck facies chiefly 
reflect variation in the salinity of the water during deposition, and pro
bably its temperature. During this period Dorset was a shelf area, usually 
covered by shallow water, but sometimes land, it lay on the border of a 
saline lagoon, the waters of which gradually became brackish and finally 
fresh by the end of the Lower Purbeck time.

There is no break in sedimentation between the Portland and the Purbeck.
The basal Purbeck is composed of algal limestones, chiefly stromatolitic, but 
also containing species of Solenopora. Qrtonella and Girvanella similar to 
those in the Upper Portland, There is evidence of epigenetic formation of 
anhydrite in some of these limestones. The succeeding beds (Broken Beds and 
Cypris Freestones) are mostly pellety limestones that resemble some of those 
forming at the present day in areas such as the Great Bahama Bank. A similar 
depositional environment is proposed for these Purbeck sediments, as a 
'bahamite' facies. Here, too, there is evidence of epigenetic anhydrite, and 
it is hydration of this, and the subsequent solution of gypsum during Tertiary 
Toiding, that is thought to have localised the Broken Beds.

Lowered salinities, apparently caused by influx of freshwater from the 
west, enabled a brackish water fauna of gastropods and pelecypoda to spread 
throughout the area (Hard Cockle Beds)* Restriction of this freshwater, and 
evaporation, then raised the salinity again. Precipitation of carbonate mud 
was widespread, gypsum being deposited locally. Qrtonella. and atromatolitic 
algae were common at times, perhaps growing on tidal flats, but a •bahamite' 
facies did not develop, possibly owing to lack of agitation of the water.

There then followed a gradual decrease in salinity until, by the end of 
Lower Purbeck time, freshwater conditions prevailed over the whole Dorset 
region. Carbonate mud was still the dominant sediment, but was formed by the 
action of freshwater algae such as Chara. These freshwater conditions continued 
during the early part of the Middle Purbeck but were terminated by a marine in
cursion that led to the formation of large oyster banks (Cinder Bed).

The two facies of the Middle PurUeck, called the bioclustic and the 
terrigenous facies, are unlike those o t the Lower Purbeck. The bioclastio 
facies formed under conditions that varied from freshwater to almost normal 
marine, the rocks consisting mainly o t shells and shell fragments in micrite 
or spar cement, but including pure calcite-mudatones formed by shell comminution



or by the action of plants. The terrigenous facies formed during periods 
of reduced carbonate deposition when land-derived sediment of mud to sand 
grade was brought into the areat probably from the west. It is suggested 
that these influxes were the initial phases in the development of Wealuen 
type sedimentation.

Moat diagenetic problems discussed are not specific to the Purbeck.
Fabrics are described that are beli«v#d to be formed by calcite replacement 
of epigenetic anhydrite, while pleochroic shell mosaics are thought to be 
aragonite shells that calcitieed in place, without solution. This pheno
menon is well developed in Middle Purbeck rocks.
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