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Introduction.
In the present treatise I propose to give a systematical description of the struc­

ture of molluskan shells. My main object is partly to determine the distribution 
of the two essential constituents, calcite and aragonite, and partly to describe the 
form and aggregation of the single elements of those constituents. My first intention 
was to include all calcareous shells in this examination, but I have omitted to do 
so, partly because of the enormous material, partly because of the mostly rather 
uniform structure of other shells. True, many of these possess interesting features, 
but in most instances their construction is very primitive whereas in other instan­
ces, as in the corals, they are built up in a very inarticulate manner which is 
difficult to examine and describe. On the contrary we find, in the mollusks, the 
most interesting structures, although in many instances very complicated, often, 
also, quite peculiar and paradoxical. It is quite impossible, I think, to give any 
explanation of these aggregations to which we find no analogon in inorganic nature, 
but I hope that a comparative survey will have some value, both for the systematics 
and with regard to the determination of shells, especially the fossil ones.

The work can, of course, never be complete because of the enormous amount 
of material. The description of the single families will show that many of them 
are subject to such great variations that we were obliged to examine hundreds of 
species to obtain an adequate idea of the shells. I hope, however, that I have 
succeeded in finding out the essential characters of the larger families and the more 
common genera. It was necessary to confine the examination to adult shells, omit­
ting all evolutionary stages, and to the main part of the shell, especially the middle 
part, omitting all special features at the margin and in the hinge of the bivalves 
where the structure is so complicated that it can hardly be made out. Equally I 
have omitted any examination of calcareous elements other than the shells proper, 
such as the operculum and the spiculum amoris.

The shell structure has been examined by very many previous authors; most 
of the descriptions are, however, to be found in the special zoological or palæonto- 
logical literature and are, in most instances difficult to find. Many of them are very 
detailed and exact, but for the most part they only include one species, or, at all 
events, different species belonging to the same family, so they have no great value for 
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our present purpose, which is a comparison between as many forms as possible. 
Some of these papers are cited in the following. Of more systematical descriptions 
I have only found two; the most complete is that of Carpenter, but what he gives, 
is mostly the form of the single elements in a random section (mostly the horizontal 
one), and the perfect form is only found out for some of the more simply formed 
elements. A much more modern description is given by Cayeux who especially gives 
excellent ligures; the description however, gives, more of a system of the struc­
tural elements than one of the mollusks themselves, rather few of which have been 
examined. Cayeux also confines himself too much to the description of the pheno­
mena as seen in the single section, and accordingly we may see that the same 
structure, as the crossed lamellar one of the bivalves, is described in one place 
as “structure fasciculée” and in another place as “structure intercroisée”.

Many authors confine themselves to the determination of calcite and aragonite, 
which will be treated in the next chapter.

Almost all the material used for the present examination originates from the 
museums in Copenhagen; most of the recent forms I have obtained in the Zoolo­
gical Museum and most of the fossil ones in the Geological Museum. It is my duty 
here to express my most cordial thanks to the officials of those museums, for 
having procured the large material.

The Constituents of the Shells.
Almost all molluskan shells consist of two elements, calcite and aragonite, 

and only two exceptions are known, viz. the somewhat doubtful groups of the 
Torellellidae and the Conulariidae, which consist of a phosphoritic substance. 
Among other shells we find the same constituents, and only the Foraminifera Por- 
cellanea form an exception, as they consist of an amorphous carbonate of lime, 
which, in all probability, is identical with the substance described by Lacroix 
as ctypeite. I know very well that other authors deny the existence of this sub­
stance as a special modification of carbonate of lime, and assume that it must be 
a special aggregation of elements of aragonite. I think, however, that it is quite 
impossible that any such aggregation should be able to produce the weak double 
refraction which is so characteristic of the substance in question. I have, however, 
not treated the question in more detail, especially because of the difficulty of ob­
taining material enough for a perfect examination of the said Foraminifera.

In 1901 Agnes Kelly published a paper, in which she expressed the theory 
that the so-called aragonite of the shells represented a special modification of 
carbonate of lime which she called conchite. This has been denied by all later 
authors treating the problem, and it seems that we must give up this name as 
Debye diagrams taken of aragonite from the shells show exactly the same lines as 
one of true aragonite. It is obvious, however, that the constants of the aragonite 
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from the shells are not exactly identical with those of other aragonite; the axial 
angle is distinctly smaller and the indices of refraction also have somewhat different 
values. The axial angle, to be sure, is very variable in the relatively few instances 
where it can be distinctly seen, for, in some instances, no aperture at all is seen 
while, in others, it is very distinct, although always smaller than that of aragonite 
proper. As a maximum 2 E is found to be 27 , while in aragonite it is ca. 31°. The 
indices of refraction have been determined with much more certainty, and while aragonite 
proper has the indices a = 1.5331, ß — 1.6816 and y = 1.6859 the corresponding 
values have been determined (especially by Dr. Melczer whose examinations were 
always performed with the greatest possible care and exactness) at: a = 1,523, 
ß = 1.659, and / = 1,662. These values have been obtained by means of the total re­
fractometer which is, however, not very practical where the single crystal individuals 
are so exceedingly small. The immersion method has the advantage of being 
available in all instances, and shows the difference between both substances very 
plainly. If the powder is placed in monobromnaphthalene (n = ca. 1.66) we shall 
lind that every grain of aragonite proper will possess, in one position, a refraction 
distinctly greater than that of the fluid, while, in the grains of the shell substance, 
we never find this great refraction, the grains in one position entirely disappearing.

Although the question cannot be considered as perfectly settled, I think it most 
probable that the substance of the shells is an aragonite, although a very marked 
variety, and in the following I designate it by that name.

Means of distinguishing between Calcite and Aragonite.

From earlier times many methods have been used for determining the two 
main substances of the shells but most of them are too uncertain, or can only be 
used in exceptional cases.

The cleavage can be distinctly observed in the calcite in such instances where 
the individuals are comparatively large, but those instances are rather rare and in 
most of the shells it is impossible to find any cleavage. On the other hand, the in­
dividuals of the aragonite are always so small that it is impossible to find any 
trace of cleavage, and on the whole this property is, of course, of very restricted value.

The occurrence of twin lamellæ has been used, by Agnes Kelly, as a proof 
of calcite. In my experience such lamellæ never exist, and I think that there must 
be some mistake here.

Etching figures have been used, especially by Leydolt, for distinguishing be­
tween the two substances; these figures, however, can only be produced in the 
comparatively few instances where we have rather large individuals and have, of 
course, no practical value.

The hardness was used by Necker for determining the shell substance; this 
property, however, is so difficult to determine with exactness and at the same time so 
variable according to the directions in the crystal and the whole aggregation, that 
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it can give no exact results, and we see that those obtained by Necker are not 
very correct.

The specific gravity is here, as in other respects, one of the best properties for 
determining a mineral and has been used by many authors. As is well known, 
the shell substance is always mixed with some organic substance which makes its 
gravity smaller than that of the pure mineral. Mostly, however, the amount of this 
substance is not very large, and by using a fluid of exactly the same gravity as 
the calcite, we almost always find that the calcite will swim, while the aragonite 
will fall to the bottom. Only in such instances where the amount of impurity is 
comparatively large, or where the substance in question is found in very small 
amounts, the method will give no result.

The reaction of Meigen also gives very good results and only fails where the 
layer to be examined is so thin that it cannot be isolated.

Refraction is the best of all properties for determining minerals and is, at the 
same time, lhe only property which can be used in all instances. It may be deter­
mined in the common section in Canada balsam as the lowest index of refraction 
(«) of the aragonite of lhe shells has a value of 1.523, nearly the same as that of 
the balsam, while the lower index of refraction of the calcite (f) has a value of 
only 1.4863. In all instances where the elements of the shell have a regular arrange­
ment one will always, in a section of the proper direction, be able to distinguish 
between the two minerals, while, in the relatively few instances where the in­
dividuals are irregularly oriented, one may find in each section in the calcite some 
individuals which have a lower refraction than that of the balsam, while for the 
aragonite none such can be found.

The axial angle has been used, especially by Agnes Kelly, but it has no great 
value for the determination. Firstly it can only be seen in the comparatively few 
large elements, and secondly it is very variable; as mentioned above, it may, in the 
aragonite of the shells, vary from almost 0° up to ca. 27°, and in the calcite, too, 
there is a rather wide range of variation, as the angle may go up, in some instan­
ces, to ca. 20°.

The alteration by heating of the aragonite has been used for the determination. 
Because of lhe small individuals this property cannot, however, be observed with 
certainty, and it may be confounded with the loosening of the shell substance pro­
duced by the burning away of lhe organic substance.

My determinations were, in all cases, made by means of the refraction; in many 
instances I have secured them by means of the specific gravity and of the re­
action of Meigen.

In the altered shells the determination of the original substance must be 
undertaken in quite another manner. As the aragonite of all palaeozoic and many 
younger shells has been changed entirely into calcite, their original composition must 
be inferred from a consideration of the shell in question. If it consisted originally 
of calcite, it has, in most instances, preserved its original structure, which is easily 
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recognizable and is exactly the same in all individuals of the same species. If it 
consisted originally of aragonite, it is irregularly built (an instance is shown in 
pl. XV, fig. 5), and different individuals may behave very differently as to the form 
and size of the elements. In some instances, however, this determination will not 
lead to absolute certainly; firstly the structure of the original calcite, as in the 
upper layer of many gastropods, may be so irregular that it cannot easily be 
distinguished from a pseudomorphous structure, and secondly the calcite, in some 
instances, may have become altered. Otherwise it is impossible to explain that, 
in some individuals of a Palaeozoic gastropod, we find a regular prismatic layer, 
while, in others, we cannot detect any trace of it.

In other cases the state of fossilization may greatly facilitate the determin­
ation of the constituents. In the chalk and the rather similar rocks belonging to 
the Danian formation of Denmark all existing shells consist of original calcite, and 
all aragonitic shells have totally disappeared or are only found as casts.

Distribution of Calcite and Aragonite in the Shells.

Each shell, or each special layer of a shell, consists either of calcite or of 
aragonite. Il has been suggested, by some authors that in some instances (as in 
the Patella) a mixture of both substances occurs, but I have never been able to 
find such a mixture, and I think that there must be some mistake here.

It is only among the mollusks that we find both calcite and aragonite in the 
same shell. As a rule the upper part consists of calcite and the under part of aragonite. 
Only two exceptions are known, the Pectinidae, where we find an aragonitic layer 
between two calcitic ones, and the Haliotidae, where we may find the opposite distri­
bution. In the other classes of animals each shell only consists of one of the minerals.

In the following table I give a list of the distribution of calcite and arago­
nite and other substances in the shells. The list must be considered fairly complete 
for the mollusks only. As to the other classes it must necessarily be somewhat 
incomplete as they have never been very thoroughly examined; it is partly a result 
of the observations of former authors (Rose, Sorby, Cornish and Kendall, Agnes 
Kelly, Butschli a. o.) and partly of my own observations.

Distribution of the Substances in the Shells.

calcite calcite T aragonite aragonite other substances

Foraminifera perfo­
rata

Calcispongiae
Tetracoralla 1)

Some Hexacoralla 2) Mostly Hexacoralla

Foraminifera Porcel- 
lanea (amorphous 
carbonate of lime)

1). K. D. Vidensk. Selsk.Skr., naturv. ag ma them. Afd.,9. Række. 11,2. 31
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calcite calcite aragonite aragonite other substances

Mostly Alcyonaria Helioporacea
Heliolites'? Plasmopora?
Tabulata 1)

Hydrocorallinae
Stromatoporidae? 3)

Echinodermala
Serpulidae
Bryozoa

Craniidae Mostly Brachiopoda 
inarticulata (phos-

phorite)
Brachiopoda arti-

culata
Aviculidae pt., Ano- Mostly Anisomyaria Ambonychiidae?,

miidae, Ostreidae some M y al i nidae?
Modiolopsidae?, some

Mytilidae
Some Chamidae and Mostly Isomyaria
Capri nidae, R u d is ta e

Scaphopoda
Amphineura

Bellerophon sp. Neritidae, some Ila- 
liotidae, Euomphali- 
dae, Fissurellidae and

Mostly Prosobranchia

7 'roch onematidae
Cyclobranchina

Janthinidae, Scalarii- Mostly Ctenobranchi-
dae, some Litorinidae, 
Muricidae, Purpuri-

nae

dae, Fusidae and
Capulidae

Heteropoda
0 pisto branchia

Pteropoda
Hyolithidae

Tentaculitidae Torellellidae and Co-
nulariidae (phos-

phorite)
Pulmo nata

Some Orthoceratidae Mostly Nautiloidea
Aptychus Ammonoidea
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calcite calcite + aragonite aragonite other substances

Belemnoidea 
(rostrum)

Argonauta
Cirripedia, Ostracoda,

Trillobitae 5)

Belemnoidea (phrag­
mocones?)

Spiriophoridae 
Sepioidea

Decapoda (phos­
phorite, calcite or 

both 6)

Notes :
1. Cayeux (pp. 417—18) suggests that the Palaeozoic corals have consisted of aragonite 

and that the transformation, in such instances where we find a regular fibrous structure, 
should have taken place in such a manner that the original structure should have been 
retained. In the many examples of transformed aragonite which I have observed I never 
have seen the original structure preserved in the orientation of the calcite individuals. 
Among the many Tetracoralla which I have examined I have, in most instances, seen an 
orientation of the. calcite which must be original. As to the Tabulata, which possess a still 
more regular structure, it is also absolutely certain that they have consisted of calcite.

2. Among the single corals from the chalk and the Danian deposits of Denmark we 
find several which are perfectly preserved and must be assumed, therefore, to have con­
sisted of calcite, while others are totally altered; different individuals of the same species 
always behave in the same manner. The calcitic corals belong to the genera Sphenotrochus, 
Ceratotrochus, Epitrochus, Coelosmilia and Parasmilia, but of most of these we also have 
aragonitic species. Cornish and Kendall, too, mention (p. 72) a calcitic coral (Parasmilia 
centralis) from the chalk. The system of these corals ought, perhaps, to be revised with 
regard to the mineralogical composition. Among the rather few recent corals which I have 
examined, I have found no calcitic ones.

3. Among the few forms examined I have as a rule found no trace of any regular orien­
tation of the calcite individuals hence I think that the shell has consisted, originally, of ara­
gonite. Only in one or two instances were traces of an original structure seen.

4. Agnes Kelly (p. 54) describes the shell of Serpula as consisting of aragonite (con- 
cliite); I have examined many SerjOuZz'dae and have always found that they consisted of cal­
cite, arranged in a rather peculiar manner. It is, of course, impossible to deny that there 
may be some exceptions.

5. In the handbooks of Zittel the dorsal shell of the trilobites is described as con­
sisting of alternating lamels of carbonate and phosphate of lime. Among the many forms, 
which I have examined, I have never found any trace of phosphorite and I think that there 
must be some mistake.

6. The shells of the lJecapoda are very variable; in the few instances which I have 
examined, I have found the following:

a. The shell consists entirely of calcite: the Senonian Callianassa Faujasi, the Danian 
forms Dromiopsis rugosa and laevior, and the Eocene forms Coeloma bicarinatum and Lobo- 
carcinus Paulino- Wiirtenbergensis.

b. The shell consists entirely of a phosphoritic substance: Astacus fluviatilis and the 
Eocene form Xanthopsis Leachii.

31
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c. The shell is composed of both substances in such a manner that some parts are 
entirely phosphoritic while others are calcitic, and large parts consist of a mixture of both: 
Ilomarus vulgaris, the Turonian Harpactocarcinus quadrilobatus and a Turonian Callianassa sp.

It is possible that the composition may be different in different parts of the animal 
and it is also possible that it may alter with the age of the animal. This examination can 
only be considered quite temporary.

The above list will give the impression that the distribution of the main sub­
stances is quite accidental, and it will of course be rather hopeless to lind any 
cause for it. The occurrence of the one or the other of the two main substances, or 
of both of them in the same shell, seems to be caused mainly by physiological pro­
cesses in the animal itself, and is only with great uncertainty brought into connec­
tion with the physical properties of the surrounding medium.

The temperature, which is an essential factor in the formation of inorganic 
calcite and aragonite, seems to be of no consequence to the animals. True, there 
exist no statistics of the proportion of these substances in the different seas, but 
we receive the general impression that both of them are represented, to a very high 
degree, both in the tropical and the arctic seas, and at any rate we lind no distinct 
influence of the temperature in that respect.

Between the salinity of the water and the composition of the shells there 
seems, on the other hand, to be a more pronounced connection. If we disregard 
the articulates, especially the crustaceans, which are not very thoroughly exa­
mined, it is well known that most of the shell-bearing animals disappear in the 
fresh water where we find only relatively few forms of the gastropods and the 
bivalves, and as these forms consist mostly of aragonite, also in sea-water, they 
are not especially suited for a comparison. It is very obvious, however, that almost 
all the forms which consist of both elements are confined to salt-water. Especi­
ally among the Mytilidae we find that most members of that family, which are 
built up of calcite + aragonite, are found in salt water, whereas the comparatively 
few living in brackish or fresh waler, as the Congeria and the Dreissensia, are 
purely aragonitic. I have only found one example of calcite-bearing shells among 
all the mollusks living in fresh water, viz. the genus Neritina, all members of 
which examined by me possess a very thin, upper calcitic layer.

Any more direct influence of the salinity of the water upon the composition 
of the shells is not to be found. If we compare specimens of the same species of 
Neritina from fresh water with others from brackish water, we shall find that both 
possess a thin calcitic layer which is not more developed in the latter specimens 
than in the former. And the same is found in My tilias edulis. Specimens of that 
animal from water of the least possible salinity (0.5 °/o) are very small and thin 
as compared with those from salt water, but the relative amounts of calcite and 
aragonite are almost the same in both forms.

The relation between the chemical and the mineralogical composition of the 
shells seems to be of a rather peculiar kind. As to chemical analyses il will
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suffice to refer the reader to the paper of Clarke and Wheeler1) who have cited 
many former analyses and have made a great many new ones. The authors them­
selves point out the fact that all aragonitic shells are non-magnesian while most of 
the calcitic ones are magnesian ; they, however, name some striking exceptions from 
the latter rule. With the more perfect knowledge of the mineralogical composition of 
the shells which we now possess, it is possible to make clear the above-named 
rules, in a more statistical way. It is a general rule, from which there is no exception, 
that all aragonitic shells are non-magnesian, but the calcitic ones behave in a more 

1 U. S. Geol. Surv. Professional Paper 102, 1917, and 124, 1922.

complicated manner, 
hers of the different 
Clarke and Wheele

This is clearly seen from the following table where the num-
percentages of MgCO3
R.

are given after the analyses stated by

7o MgCOs Number °/o MgCO3 Number

0--1 17 6— 7 10
1 2 11 7— 8 8
2 3 4 8— 9 14
3 4 0 9 10 18
4—
5—

-5
6

3
5

above 10 71

From this table we receive the impression that the calcitic shells m ay be
divided into two groups, one of which is quite as non-magnesian as the arago­
nitic shells, while the other is strongly magnesian, and there are almost no transi­
tional forms between the two groups. We should be inclined to think, indeed, that 
they represented two different minerals, but it is impossible to find any other 
difference between them than the composition itself, as all physical properties are 
exactly the same and also the Debye spectra of both are identical with the spectrum 
of common calcite.

The two groups are far from evenly distributed among the different classes 
of calcitic animals. To the magnesian group belong all analysed Spongiae, Alcyona- 
ria, Echinodermata, and Argonauta, as also all analysed calcitic algae. Also the 
decapods which, as mentioned above, may consist of calcite or phosphorite or of 
a mixture of both, contain a large amount of magnesia. The same is the case with 
the Foraininifera porcellanea which consist of an amorphous carbonate of lime; it 
seems that this substance stands in a nearer relation to calcite than to aragonite.

All analysed Cirrhipedia are non-magnesian as also the rather few instances of 
gastropods and bivalves (Placuna, Pecten and Purpura).

On the other hand we find both magnesian and non-magnesian calcitic shells 
among the following groups of animals: The Foraininifera perforata, the analy­
ses of which are stated by Clarke and Wheeler; the Sphaerodina contain 
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small amounts of magnesia while Pulvinulina, Tinoporus and Polytrema are highly 
magnesian. Among the annelids we lind both kinds, as also among the Bryozoa. 
As to the brachiopods there seems to be the constant rule that all analyses of the 
articulate ones show a very low percentage of magnesia, whereas the two analyses 
of Crania cited by the authors show rather high percentages (3.4 and 8.63 MgCO3).

The Alteration of the Aragonite.

It is a well known phenomenon that all aragonitic shells, through the long 
geological periods, will either disappear or be transformed into calcite. This process 
is of very great importance for the formation of the common limestone, which 
has probably, in most instances, originally been formed by a loose accumulation 
of calcareous shells of different kinds. As the aragonite is less stable than the cal­
cite, the circulating water will dissolve the aragonite and will thereby obtain a large 
amount of material for cementing the rest of the shells together into a compact 
rock. The process of limestone formation is, however, very complicated and may 
depend upon many other circumstances, as the temperature, the pressure and the 
different impurities of the rock; hence the time necessary for the formation of 
the solid limestone is very variable in the different places. Where we find a 
comparatively old rock like chalk, which has kept its original loose consistency, 
it seems natural to assume that it must have contained, from the beginning, very 
few aragonitic elements. On the other hand it is obvious that, in the still older lime­
stones, which, in most instances, are perfectly cemented, a dissolution and rede­
position of the calcitic elements must also have taken place.

The way in which the original aragonite is transformed into calcite may be 
somewhat different in the different rocks. In most instances it seems that the ara­
gonite is gradually loosened, and in many places we find it reduced to a loose, 
powdery mass still possessing traces of the original structure; afterwards the arago­
nite may entirely disappear. If the surrounding rock is of a more solid kind, a cavity 
is left which, in most instances, is idled up by calcite, forming, in this manner, a 
perfect cast of the original shell which may look quite fresh as to external 
appearance, whereas, in thin sections, it is seen to consist of irregularly grained 
calcite. If the surrounding rock is not of such a solid consistency, the aragonitic 
shells may entirely disappear, and no trace of them will be found. In chalk, e. g., 
most aragonitic shells have disappeared, and only some of the largest of them are 
seen as impressions.

In other rocks the aragonite may behave in quite a different manner; in the 
alpine Triassic we may find shells possessing a perfectly unaltered aragonite while 
in others we may find that only part of the shell possesses such a consistency 
while other parts are transformed into calcite, and there is a sharp boundary line 
between both parts.

The time necessary for the complete transformation of the aragonite is very 
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different in the different rocks. On the one hand we may find it quite unaltered 
from the Triassic formation, while, on the other hand, we may find even younger 
Tertiary rocks without any trace of it. Upon the whole the percentage of unaltered 
aragonitic shells will increase from the Triassic to the Quaternary.

There may he many causes of the very different lifetime of the aragonite, 
but undoubtedly the most essential is the purity of the limestone. It is a general 
rule that in the purest of them, containing up to 95 % or more of carbonate of 
lime, the aragonite will disappear rather quickly; hence we find none of that 
substance left in the chalk or in our limestones of the Danian formation, both 
being equally pure. On the other hand we find that such limestones from the 
Mesozoic formations in which the aragonite is still preserved, contain a larger 
amount of clay, and it seems that a percentage of only 10 to 20 is enough 
for preserving the aragonite as long as possible. I am not able to explain the 
cause of this phenomenon. In rocks containing very little carbonate of lime, such 
as siliceous or ferrugineous rocks, the calcareous shells are mostly altered rather 
quickly, and the calcitic ones are not preserved very much longer than the 
aragonitic ones.

The Shell Structures.
In the following will be given a description of the different modes of aggre­

gation, according to which the elements of the shell substances are arranged. Many 
of them are the same as those found in the inorganic substances, and we may 
here use the usual terms, but, on the other hand, we find many modes of ar­
rangement peculiar to the shells, and there exists no fixed terminology for them.

The homogeneous Structure.

This peculiar form of aggregation, of which I know no typical representative 
among the inorganic minerals, is characterized by the following properties. In 
ordinary light we see, in the typical forms, no structure at all, whereas, with 
crossed niçois, we find an extinction in one direction in such a manner that the 
main axes are parallel through large parts of the shell (the axis of the aragonite 
is here, as elsewhere, the crystallographical c-axis, being at the same time the 
acute bisectrix, and behaving, in all respects, like the main axis of the calcite). 
The common position of that axis is the vertical one, normal to the surface of the 
shell, so that each part of the shell which is parallel to the swinging directions 
of the niçois will be dark, whereas, in oblique positions, it will show’ an inter­
ference colour. But there are many exceptions from this rule, the axes being placed 
in an oblique or horizontal direction, as is seen e. g. in the different species of 
Lima (fig. 6).
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As we see no elements at all in the typical homogeneous structure, it is im­
possible to tell what form the single individuals possess. They may be prismatic 
or lamellar or, perhaps, otherwise arranged. In many instances, however, we find 
transitions from that structure to various others, giving indications, in such 
instances, of the real structure. Among such transitional structures may be named 
the following: The homogeneously prismatic structure, which is seen e. g. in the 
upper layer of a Mytilus, there is a weak trace of a prismatic arrangement which 
may be very pronounced in some places, in others very indistinct or quite neglig­
ible. In the homogeneously foliated structure there are, in the same manner, 
indications of a foliated structure. A rather common structure is the homogeneously 
grained one, being mostly characterized by the existence of a homogeneous ground 
mass in which are distributed small grains of the same substance with a quite 
accidental orientation. Their amount may be so large that the homogeneous mass 
is only observed in the very thinnest sections. In other instances we find in a 
homogeneous substance weak traces of a crossed lamellar structure suggesting that 
the whole layer possesses that structure but of exceedingly small dimensions.

The homogeneous structure is most typically developed among the calcitic 
shells and here we find the only examples of an abnormal orientation of the axes. 
Outside the mollusks the Foraminifera perforata and the trilobites possess that 
structure, and here the axes have the normal orientation, while among the Ser- 
pulidae we often find a layer of an impure, homogeneously grained substance the 
axes of which are abnormal and have a transverse orientation. Among the mollusks 
we find that structure in the upper layers of the Limidae and in some of the My- 
tilidae, the axes here possessing another abnormal direction, mostly the radial one.

• The homogeneous, aragonitic structure is, as far as I know, confined to the 
mollusks. The axes always have the normal orientation. In some instances, as in 
the Heteropoda, the Pteropoda and some of the Nuculidae and Cyprinidae, that struc­
ture may build up the whole shell, whereas, in many other cases, it may be found 
as an upper or under layer or both. Its distribution will be shown in the syste­
matic part.

The prismatic Structure.
This structure is so well known from inorganic nature that it does not need 

any further explanation; it may be divided into three groups: the normal, the 
complex, and the composite prismatic structure.

The normal prismatic structure, which is by far the most common among the 
three groups, is characterized by the fact that each prism consists of one single 
crystaliographical individuum. According to their general appearance they may be 
divided in different manners; the diameters may be very variable and they may 
be described as fine or coarse.

According to their form the prisms may be designated as regular or irregular. 
The former are bounded by straight and parallel lines (pl. I, tig. 1) while the
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latter have more or less irregular boundaries (pl. XII, fig. <3 and 6). Also the cross 
sections may behave very differently; the most regular have the form of polygons 
(pl. I, tig. 3) while, in other instances, they may have more or less indented boundaries 
(pl. VII, fig. 3). If the form of the prisms is very irregular we have all possible 
transitions to the irregularly grained structure.

The prisms may be single or branched. Especially in the upper prismatic 
layers in the families Aviculidae, Pernidae and Pirmidae we find that the prisms get 
thinner and branched at their upper end. Only in such instances where this pheno­
menon is especially pronounced have the prisms been described as branched.

The prisms may be more or less distinct or easily visible. The most distinct 
prismatic structure is found in the above named families where there is a special 
layer of some organic substance intercalated between the prisms (pl. I, fig. 1 and 
3). In other instances, where there is no such layer, or only a very exiguous one, 
the visibility of the prisms depends mostly upon the orientation of the optic axes. 
If these are strictly parallel in adjoining prisms, it may be very difficult to see the 
boundaries between them.

The orientation of the prisms in relation to the shell may be very variable; 
most common is what we may call the normal orientation with the prism axes 
placed vertically, normally to the surface of the shell, but we also find, in many ins­
tances, an oblique position in the radial (longitudinal) plane (pl. X, fig. 6, pl. XII, 
fig. 3). More rarely horizontal prisms are found, either radial or longitudinal.

Also the orientation of the optic axes may be very variable. The extinction is 
regular if th e axes throughout the whole layer have nearly the same direction 
(pl. XV, fig. 2), and irregular if their directions are variable (pl. XV, fig. 3). In most 
instances, however, a majority of the axes have nearly the same direction, while 
others may deviate up to 90 A quite irregular extinction is characterized by the 
axes being orientated quite accidentally without any main direction.

The extinction is called normal if the axes, or the main part of them, 
are parallel to the prism axes, and abnormal if they have some other main 
direction. There is, in that respect, a great difference between the aragonitic and 
the calcitic prisms; therefore it will be most practical to consider the two substances 
separately.

Most prisms consisting of aragonite have a perfectly normal orientation of the 
optic axes, and their variations are for the most part rather small. Also the orien­
tation of the prisms themselves is mostly the normal, vertical or somewhat oblique 
one, the most pronounced exception being Eruilia podolica, the shells of which 
possess an upper layer of horizontal, radial prisms (pl. VII, fig. 5).

Among the calcitic prisms there is a very great variation both in the orienta­
tion of the prisms and in the orientation of their optic axes, and we may find all 
possible abnormal orientations. Most commonly, however, we find the normal 
orientation of both kinds of axes, as in Auicula, Pseudomonotus, Pinna, Perna, 
Vulsella, Trophon, Neptúnea, Belemnites, Argonauta a. o. Very commonly, however, 
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we find an irregular orientation of the optic axes (as e. g. in Pterinea, Mijalina, 
Purpura, a. o.). Radial (longitudinal) prisms with optic axes of the same direc­
tion are found in Modiola Cottar, Lithodomus lingualis, Fissurella crassa, Haliotis, 
Acmaea a. o.

Among the prisms with abnormal optic axes we find all possible combina­
tions: Vertical prisms with horizontal and radial axes are found in species of Melea- 
grina, Monotis and Inoceramus. Vertical prisms with horizontal and concentrical 
(transverse) axes occur in Orthoceras annulatum, whereas Inoceramus LamarCkii has 
vertical prisms with oblique optic axes.

Oblique prisms with horizontal and longitudinal axes are found in Litotina.
Patella (Helcioniscus) radians has horizontal and longitudinal prisms with 

horizontal and transverse axes, whereas the opposite combination (transverse prisms 
with longitudinal axes) is found in the Neritidae. On the 
other hand we find in the brachiopods horizontal (radial 
and concentrical) prisms with vertical axes.

A special kind of prismatic structure is that which 
we may call dependently prismatic: each prism is formed 
by further growth of the individuals of the common 
crossed lamellar structure in such a manner that each 
prism has one of the two directions of the optic axes. 
In calcitic shells (where the crossed lamellar structure is

very rare) that kind of prism is only found in the uppermost layer of Avicula 
Miinsteri. Among the aragonitic shells we find it most typically in the undermost 
layers of the Limidae and the Spondylidae and also, perhaps, in many of the sub­
ordinate layers of the complex structures of other bivalves.

The complex prismatic structure is characterized by the fact that each prism 
possesses the aggregation called above (p. 15) the homogeneous one. In ordinary 
light it cannot be distinguished from the common prismatic structure, but With 
crossed Nicols we see that extinction does not occur in the same direction for the 
different parts of the prisms. The arrangement of the axes is shown in fig. 1. Along 
the middle axis of each prism they are placed parallel to the main direction of 
the prism, but at the outer parts they become gradually more obliquely orientated. 
Owing to this arrangement we see, in the polarized light, a black line in the middle 
part of each prism if this is placed parallel to the directions of the Nicols but, by 
turning the preparation, this line passes, in parallel position, to the outside of the 
prism. The axes have a feathery arrangement and we may distinguish between a 
downward (a) and an upward (b) feathery arrangement. In the first instance the 
black line passes to the right if the preparation is turned to the right. In cross 
sections of the prisms we see in both instances, in the polarized light, the common 
uniaxial figure, the black cross and the rings of interference colours. The complex 
prismatic structure has been falsely interpreted by various earlier observers, as 
mentioned below in the description of the Nayadidae.

a b

Fig- 1-
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This structure is most typically developed in the said family, and also in the 
Trigoniidae where it is more indistinct, and where it shows a very remarkable diverg­
ence in the opposite direction (upwards). In both instances the shell consists of 
aragonite. Among the calcitic shells we find a peculiar complex prismatic structure 
in Inoceramus (Haploscapha) grandis; radial sections give the typical picture of this 
kind with upward diverging axes, but the axes themselves are orientated normally 
to the positions given in fig. 1 b, having a perfectly or nearly horizontal position.

The composite prismatic structure consists of larger prisms (prisms of the first 
order) each of them being composed of fine prisms (of the second order) arranged in 
a feathery manner, like the axes of fig. 1. This structure is most typically developed 
in the upper layer of most members of Nucida (pl. II, fig. 5 and 6); the prisms of 
the first order are placed horizontally, in the radial direction, and only form one layer; 
the prisms of the second order diverge towards the margin. Similar structures, but 
more irregular, are found among the Erycinidae and also in the thick, upper layer 
of Buccinum undatum, but here the prisms of the first order are placed almost 
vertically and the prisms of the second order diverge downwards.

A transition between the common and the composite prismatic structure is 
found in such instances where we have a layer of fine prisms, mostly orientated 
horizontally in the radial plane, and possessing a feathery arrangement only in the 
radial section, whereas, in the horizontal section, they are perfectly parallel. This 
arrangement is common among the Lucinidae, the Veneridae and the Donacidae.

The two structures named are built up of aragonite only. The small prisms 
may behave in different manners; for the most part they are of the common 
kind (each prism consisting of one individual), but they may, in some instances, 
be of the complex kind. In the first instance the optic axes are orientated in the 
normal manner, nearly parallel to the prism axes, but in other instances they may 
have an abnormal orientation in a direction which is oblique, or normal to the 
prism axes. This is one of the few instances where an anomalism of this kind is 
found in an aragonitic structure.

The foliated Structure.

This structure, which is much less common than the prismatic one, is charac­
terized by the fact that the layer in question is built up of more or less regular 
parallel leaves. If regular, the leaves are always horizontal, parallel to the surface 
of the shell. The orientation of the optic axes may be variable; in Bellerophon 
(pl. VIII, fig. 6), and in Tentaculites (pl. XIII, fig. 2) they are placed normally to the 
leaves, whereas in Placuna they have an oblique position while, in Patella /luctuosa 
(pl. X, fig. 2), they are horizontal in the radial direction.

In other instances (most members of the Spondylidae, Pectinidae, Ostreidae and 
Anomiidae) the orientation of the leaves is very irregular, sometimes horizontal, and 
sometimes oblique or quite vertical. The whole structure may, in sections, be very 
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similar to a cross bedding in sandstone (pl. I, fig. 5, pl. II, fig. 1). The optic axes 
of the irregularly orientated leaves always take a rather accidental position.

The typical foliated structure is always built up of calcite; in the aragonitic 
shells it is replaced by the following structure.

The nacreous Structure.
This is rather common among the three main groups of the mollusks, the 

bivalves, the gastropods and the cephalopods, while it is never found outside the 
mollusks. It is so well known that it may be treated here rather briefly. For a 
more detailed description the reader is referred to Schmidt (especially in Zool. 
Jahrb., Abt. f. Anat. Bd. 45, 1921, where the earlier literature is cited). The nacreous 
substance is characterized by the fact that it consists of thin leaves, all of the 
same thickness and equidistant, being separated by equally thin leaves of some 
organic substance. The thickness of each leaf is a little below 0.001 mm, and the 
leaves are, of course, only visible with the highest magnification. The leaves are 
always placed in the horizontal plane or are only slightly oblique, parallel to the 
lines of growth of the shell. The optic axes are always normal to the leaves. 
Because of the intercalation of organic leaves a piece of nacre is slowly dissolved 
in acids. In the fossils the organic structure has disappeared and the leaves are 
hardly seen directly but the characteristic lustre is very finely preserved in most 
instances. In acids the fossil nacre is quickly and entirely dissolved.

With ordinary magnification the leaves are not seen, and the nacreous layer 
mostly resembles the homogeneous substance (e. g. pl. I, fig. 1, and pl. II, fig. 5). In 
other cases there may be seen a more or less distinct prismatic structure in the 
nacre (pl. IX, fig. 2 and 3, pl. XIII, fig. 5).

The nacre always consists of aragonite; earlier authors sometimes mention this 
substance in calcitic shells, like that of the oyster, but calcite is never built up in 
the perfectly regular manner characteristic of true nacre and never shows the same 
fine, coloured lustre.

The grained Structure.
This structure, which may be considered the most imperfect of all the aggre­

gations, is very rare in the shells. It consists of more or less irregularly formed 
grains, and the optic orientation is also quite irregular. As mentioned above we 
find, among the calcitic layers of some gastropods, all transitions between the pris­
matic and the irregularly grained structure, the last named being found in Janthina 
(pl. XI, fig. 5), and in some species of Scalaria. Very finely grained layers are 
found in part of the shell of Sepia (aragonite) and in Argonauta (calcite).

More commonly we find that a layer of another consistency, especially of the 
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homogeneous kind, may be penetrated by a great number of irregularly orientated 
grains, which then form only part of the aggregation. This is especially observed 
in the upper layer of some bivalves, and contributes to make the whole shell 
more opaque.

The Structure of larger Crystal Individuals.

Only in a very few instances do we find that a shell, or a large part of it, 
consists of one crystal individual, always calcite, showing large and distinct cleavage 
faces. As is generally known this structure is characteristic of all echinoderms. 
Among the mollusks it is found only in two cases, in Perna lanceolata, and in 
the genus Adinocamax’, the description of these forms is found in the systematic part.

The crossed lamellar Structure.

This is without doubt the most specialized among all the aggregations. It is the 
most common and characteristic structure of the four classes of the mollusks. In the
class of the Cephalopoda it is not found, however. 
Outside the molluscs the structure is never found.

The most common and perfect crossed 
lamellar structure is built up of aragonite. The 
corresponding calcitic structure has never been 
described before; it occurs in the families Avi- 
culidae, Ostreidae, and Patellidae, and a more 
thorough description of the structure in question 
will be given in the systematic part. On the 
other hand the common, aragonitic crossed lamellar 
structure is, in all four classes, so similar in all 

Fig. 2.

essentials that I have found it most appropriate to describe it for all classes in general.
The structure has been described by many previous authors (as de Bournon, 

Rose, Gray, Carpenter, Bowerbank, Sorry, Biedermann, Schmidt- a. o.), but 
these descriptions of animals chosen for the most part at random are not very 
uniform and not always quite correct, and I think, therefore, that it will be proper 
to give a new description of the essential features of the phenomenon.

The layer in question is built up of larger lamels (lamels of the 1st order) 
three of which are seen in tig. 2. Each lamel has a nearly rectangular form with 
the longer axis placed in the horizontal direction, parallel to the surface of the 
shell, whereas the shorter axis, in most instances, has a vertical position. The lamels 
are built up of numerous smaller lamels, of the 2d order, which are orientated 
normally to the face of the lamels of the 1st order but form with their edge an 
angle of 41°. In two adjoining lamels of the 1st order the lamels of the 2d order 
are inclined in opposite directions; this produces the characteristic crossing of these 
lamels at angles of 82° or 98°. Each lamel of the 1st order, in spite of its com- 
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position of smaller lamels, forms a single crystal individual with a perfectly uniform 
extinction. The acute bisectrix (the crystallographic c-axis of the aragonite) forms 
with the edge of the lamel an angle of 75°, and the angle between the extinctions 
of adjoining lamels is, of course, 30°, while the angle formed by the bisectrix and 
the lamels of the 2d order attains a value of 64°. The plane of the lamels of the 
1st order, at the same time the optic axial plane. The axial angle is, as stated above, 
very variable. The figure shows the greatest value measured, being for 2 E = 27° 
(for 2 V = 16°). The various other values of the angles given above are also highly 
variable and must be considered as mean values with variations of up to 10 degrees 
or more. The values slated are, however, found in all the four classes of mollusks 
possessing the structure in question, and they cannot be used for distinguishing 
between these classes.

As to the dimensions and forms of the lamels there may be rather large differ­
ences between the different shells, and the different classes of animals may, in some 
instances, be directly distinguished from each other by means of them. Most diver­
gent are the Amphineura, the fine and regular lamels of which (pl. VIII, fig. 5) can 
hardly be confounded with any of the other shells. In the three other classes, the 
bivalves, the Scaphopoda and the gastropods, it will be difficult to find any property 
which makes an absolute distinction between them, but we shall find rather charac­
teristic differences which may, in most instances, characterize them.

The length of the single lamel the of 1st order may probably reach several 
millimetres. In most instances, however, even the most regular of them are pointed 
out and disappear, giving place to new ones. In horizontal sections, parallel to the 
surface of the shell, their aspect will be rather variable, but we may distinguish 
three types between which, however, there are found all possible transitions.

1. The type characteristic of the upper layers of most gastropods and found 
also in some bivalves is the most regular of all, as shown in pl. IX, fig. 6, pl. X, 
figs. 1—3, pl. XII, fig. 1, a. o. The boundaries, in most instances, are fairly rec­
tilinear and parallel and, although we see that the lamels are pointed out and 
branched, these phenomena are not very prominent in comparison with the 
other types.

2. The type shown in pl. XI, ligs. 1—4, pl. XII, fig. 4, pl. XIII, ligs. 1, 3 and 
4 a. o. is characteristic of most under layers of the gastropods. The lamels are 
short and very irregularly formed and branched.

3. Characteristic of many bivalves, and also of the Scaphopoda, is the type 
shown in pl. V, fig. 4, pl. VII, fig. 7 and pl. VIII, fig. 3. Here the lamels are also 
short and branched, but they have grown together in a very peculiar manner, form­
ing a network with more or less pronounced rhomboidal figures.

The breadth of the single lamel may be equal to the thickness of the whole 
layer in question but here, in many instances, we also find more or less irregular 
forms. Generally the gastropods are the most regular, and we often find the 
lamels perfectly regularly formed with parallel boundaries and with a quite 
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vertical position, as shown in pl. XI, fig. 9. More rarely we lind oblique positions, 
as in pl. IX, fig. 7, and in pl. X, fig. 1, and still more rarely a peculiar zigzag form, 
as shown in pl. IX, fig. 7. In the Scaphopoda the lamels are vertical but rather 
irregular and branched (pl. VIII, fig. 2). Most peculiar are the bivalves. Although 
there may be found many exceptions the common rule is that the lamels are, in 
their under part, rather regular and nearly vertical but, upwards they get bent 
and reclined, and in many instances perfectly horizontal or assume other positions. 
At the same time the lamels get thinner, more irregularly formed and in most 
instances not so distinctly visible. Examples of these lamels are seen on pl. Ill, 
fig. 4, pl. V, fig. 5, and pl. VI, figs. 2—3.

The lamels of the 2nd order are exceedingly small. In transverse sections we may 
see them rather indistinctly with the highest magnification and we may conclude 
that the thickness is a little below 0.001 mm. The length and breadth of them 
cannot be measured as it is impossible to see if each single lamel passes through 
the whole lamel of the 1st order or if they are interrupted.

What substance separates the lamels of the 2nd order we do not know. The 
whole amount of organic matter in the shells in question is very small (about 2 °/0), 
and if there were intercalated organic lamels between the calcareous ones, they would 
be of such small dimensions that they were quite invisible. The crystallographic 
orientation of these lamels is very doubtful. As mentioned above, they form an 
angle of about 64° with the c-axis of the aragonite, and, as their plane is normal 
to the optic axial plane (100), they must be parallel to some dome of the form 
(Okl). Among these the form (023) forms with the c-axis an angle of 64° 20', which 
value is nearly the same as that given above, but this form is not known among 
the faces found in aragonite, and we should not, at the outset, expect that the 
lamels should be orientated in that direction. Furthermore the angles measured 
undergo great variations, and in many instances they deviate so much that they 
do not correspond with the above-mentioned form. For comparison we may con­
sider the calcitic shells possessing a similar structure. In the shell of Avicula the 
angle between the optic axis and the lamels of the second order is 77°, and in 
Gryphaea and Patella the corresponding angles are respectively 82 and 55°; these 
angles correspond very badly with those for the more common rhombohedra, and 
it is al the outset very improbable that the faces in question should belong to some 
scalenohedron, among which we should easily be able to find all possible inclina­
tions to the basis. It seems, therefore, that the lamels of the 2nd order are orientated 
in a manner which must be designated as rather accidental, without any visible 
connection to the crystallographical elements of the two substances building up 
the lamels.

The orientation of the lamels of the 1st order is markedly different in the four 
classes of mollusks. In the bivalves they are placed in the concentrical direction, 
and only in very few instances (Mesodesmidae and Mactridae) do we lind lamels orien­
tated more or less regularly in the radial direction. In the gastropods, on the other 
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hand, we generally find three layers of which the uppermost and undermost ones 
have transverse lamels while the middle one has longitudinal lamels. The various 
exceptions from this rule may be seen in the systematic part.

The crossed lamellar structure certainly contributes to give the whole shell 
very great solidity. Il is well known that an aggregation of line elements, especially 
fine threads intimately mixed, is much stronger than a larger crystal of the same 
kind. As examples of such fine aggregations may be named achate, nephrite, ser­
pentine a. o. The crossed lamellar structure is built up in such a manner that we 
get the impression that the purpose of the whole construction has been to bring 
about the greatest possible strength of the shell. The lamels of the 2nd order seem 
to be very tough and elastic, and are not easily broken across, and because of 
their arrangement in crossed positions the lamels of the 1st order are also rather 
difficult to break across. On the other hand there is a marked division between 
two adjacent lamels of the 1st order, and if a shell consists totally, or mainly, of 
one layer of these lamels, we find that it breaks rather easily in that direction. 
But in the great majority of shells this point of weakness is counterbalanced in 
most efficient ways. If we disregard those instances where the strength is produced 
by layers of another structure, we find essentially two ways of holding the lamels 
together. In the gastropods this is managed by the arrangement of the lamels in 
alternative layers with longitudinal and transverse directions, and in the bivalves, 
where the lamels are almost always arranged in the concentrical direction, they 
are commingled in the irregular manner described above, so that they are not 
easily parted from each other.

The complex Structure.

This structure is the most intricate of all and the details cannot, probably, 
be determined with full certainty. In most essentials it seems, however, to be rather 
uniform, and as it builds up large parts of the mollusk shells, especially the under 
layers of many bivalves, 1 have thought it correct to class it as a special kind of 
structure. It always consists of aragonite.

In most instances the layer in question consists of sub-layers of two kinds 
one of which is finely prismatic while the other is of a special kind which may 
properly be designated as complex crossed lamellar.

The complex crossed lamellar structure, which is highly characteristic of the 
structure in question, is characterized by the fact that we see, in all vertical sections 
of the same layer, the crossing of the lamels which is so characteristic of the 
common crossed lamellar structure, if seen in sections parallel to the lamels of 
the 1st order. We see the thin lamels of the 2nd order placed in the common orientation 
with an obliquity of about 41°, and with the common extinction forming an angle 
of about 64° with these lamels. But it is clear that the whole structure must be 
rather indistinct because of the mixture of the lamels of the 1st order placed in all
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possible directions. The structure may look rather different in different shells, 
and also in different parts of the same shell, and I shall here only give a descrip­
tion of it in such instances where the elements are as coarse and distinct as pos­
sible, as we find it in the shell of an Isocardia. It seems, however, that most other 
shells are built up according to the same scheme.

In the shell of an Isocardia we see distinctly, as shown in pl. Ill, fig. 3, that 
the layer in question is built up of rather coarse prisms, and on closer examina­
tion we shall see that each of them has a rather complicated structure which I have 
tried to demonstrate in fig. 3, which shows a vertical section of one of these prisms 
together with parts of two adjoining ones. From the walls of the prism we see the 
lamels of the 2nd order protruding into lhe prism, but the common crossing of them 
is only found in the upper and lower part of lhe prism, whereas 
in the largest, middle part, they, are not crossed at all. As all 
vertical sections of lhe prisms are quite alike we must imagine 
that the lamels of the 1st order are placed normally to all the walls 
of the prisms, in the same manner as the septa of a coral. The 
extinctions also are drawn in lhe figure. Next to lhe walls we 
have lhe common angle of 64° with the lamels of 2-d order, or 
of 75° with the whole layer while, along the prism axis, we see a 
parallel extinction produced by the lamels of the 1st order standing 
normally to the section, and there is a gradual transition between

We shall see that, in this manner, each prism very much resembles those described 
above (p. 18) as belonging to the complex prismatic structure. But in most instances 
we see distinctly the oblique lamels as a sign of the structure in question. The most 
typical example of this structure is shown in pl. Ill, fig. 3.

In other shells the elements of lhe complex crossed lamellar structure are not 
arranged in prisms but are more irregularly distributed. Pl. VI, fig. 4 shows such 
a structure where we see the lamels of both directions forming a zigzag pattern. 
There are all possible transitions between both kinds of arrangement. Another, very 
irregular arrangement is seen in the shell of Nerda (pl. X, lig. 1).

In horizontal sections the complex crossed lamellar structure looks rather 
different. Where we have a more regular prismatic arrangement, we shall see cross 
sections of lhe prisms which show7, between crossed Nicols, more or less regularly 
the uniaxial figure with the black cross and rings of interference colours (pl. V, 
fig. 7, and pl. VII, fig. 4). Otherwise the structure is more irregular (pl. V, fig. 5, 
and pl. VII, fig. 3.)

As stated above, the layers of the complex crossed lamellar structure in most 
instances alternate with finely prismatic layers. The prisms have mostly very irregular 
extinctions but, because of their fineness, their structure cannot be examined with 
certainty. Mostly the prismatic layers are very thin and only form a small part 
of the w7hole complex layer, but the opposite may be the case, as in the shell 
of Durga, where thick prismatic layers alternate with thin ones of the crossed 

D. K. D. Vidensk. Selsk. Skr., naturv. og mathem. Afd., 9. Række, II, 2.

the two extinctions.

Fig. 3.
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lamellar structure (pl. Ill, fig. 2). A very special kind of arrangement is found in 
the shell of Chama (pl. Ill, fig. 5), where irregularly formed parts with a complex 
crossed lamellar structure are distributed in a thick prismatic layer.

T erminology.
In order to make the description short and uniform I have found it con­

venient to introduce various new terms or to use some terms formerly known in 
a sense not corresponding exactly to that commonly used. Below I give a list of 
all such terms about which there may possibly be any doubt.

The following terms are explained in the foregoing part of the work:

The homogeneous structure, see p. 15.
The dependent prismatic str., p. 18. 
The complex prismatic str., p. 18. 
Downward and upward diverging arrangement or axes, p. 18. 
The composite prismatic str., p. 19.
The crossed lamellar str., p. 21.
The complex str., p. 24.
The complex crossed lamellar str., p. 24.

The optic axes. The axis of calcite is the common optic axis. In the arago­
nite the axis is the crystallographical c-axis, being, al the same time, the acute bisectrix.

Fine and coarse. As the shell elements are for the most part much smaller 
than those commonly found in the inorganic aggregations, these terms have here 
a special signification. Generally the boundary between both kinds here lies at 
about the dimension 0.02 mm.

The main directions in the shell:
Distal is the direction towards the margin or aperture of a shell. 
Proximal is the opposite direction, towards the hinge or spire.
The commonly used terms outer and inner sides or layers are here replaced 

by upper and under, and the shell is, of course, imaginai to be placed in a hori­
zontal position with the outside upwards. An element nor­
mal to the surface, is accordingly termed vertical (a), and 
one parallel to the surface is called horizontal (b). For the 
vertical section in the longitudinal (or radial) plane a di­
stinction is made between the two kinds of oblique direc­
tions, the inclined (c) and reclined (d) ones, which is best 
explained by the drawing (fig. 4).

A double-pointed arrow (o)shows the radial (longitudinal) direction in all figures 
in which this direction is represented (all horizontal or vertical and radial sections), 
and in all shells where this direction deviates from the opposite (transverse or con­
centrical) one.

Fig. 4.

<7



27 257

A single-pointed arrow (<) shows the same direction, under the same conditions, 
and at the same time points towards the distal side of the shell in all instances 
where this direction deviates from the opposite (proximal) one.

It is clear that, because of the irregular form of most shells, the three main 
directions of the sections cannot be very exact. A section which, in one small part 
of the shell, is strictly concentrical, must, in most instances, change, in other parts, 
into an oblique direction. A so-called horizontal section can in most instances only 
have that orientation in a single point, and the different layers will be seen as 
concentrical rings, the outermost of which represent the upper layers of the shell.

33



Systematic part.
(The system of Zittel: Grundzüge der Paläontologie, 1. 

Invertebrata, from 1915 is used).

I. Class: Lamellibranchiata.
As to the shell structure there is so large a difference between the two main 

divisions of the bivalves that they can hardly be said to have anything in common, 
the main difference being that the shells of the Anisomyaria, with very few excep­
tions, consist partly or totally of calcite, while the Homomyaria, with a few exceptions, 
consist of aragonite.

1. Order: Anisomyaria.
As stated above, it is characteristic of these bivalves that almost all of them 

contain calcite in their shells, which mineral in some instances forms the outer 
layer, in others the whole shell. Only a few members of the Mytilidae (Dreissensia 
and Congeria) and probably also some of the older families, as the Ambonychiidae 
and the Modiolopsidae, consist of aragonite. As to the Dreissensia and Congeria it is 
characteristic that these forms are the only fresh-water members of the whole order 
which have been examined. The shell structure in the order is so variable in the 
different families that there can be said very little in general; the crossed lamellar 
aragonitic structure which is so common in the gastropods and in the Homomyaria, 
is rather rare here (Limidae, Spondglidae, Congeria and Dreissensia), but where found 
it is always concentrically arranged as in the Homomyaria. Aragonite with a nacreous 
structure is most typical for the bivalves here in question.

Aviculidae.
As to the shell structure this family falls into two divisions which have 

seemingly nothing in common.
1) The main division; the shells of the recent forms consist of two layers, an 

upper one, calcitic, and an under one aragonitic, strongly nacreous. In the older 
forms the aragonite is mostly altered, but in many of them there are distinct traces 
of its former existence. The calcite of this group is for the most part prismatic.

Avíenla sp. (recent). The shell consists of two layers, an upper one, calcitic, 
and a lower one, aragonitic and nacreous (pl. I, fig. 1). The two layers are ot almost 
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the same thickness; a more exact statement of their proportions is here, as else­
where, of no great value, as the aragonitic layer always gets thicker towards the 
hinge and disappears towards the margin. The calcite prisms are very regular and 
distinct (separated from each other by an interstitial mass) and there is no trace of 
any ramification as is found in the Meleagrina. In most instances the optic axes are 
normally orientated, but there are very many exceptions where the orientation is 
quite irregular.

Among the older Aviculae I have found the same structure in all Tertiary 
members, among which I have examined: A. phalenacea (Miocene), A. trígona, 
A. microptera, A. media and A. fragilis (all Eocene); all these have the aragonitic 
layer preserved, whereas A. faxensis (Danian) only possesses the prismatic layer 
while the aragonite is transformed into an irregularly grained calcite. A. Moutoniana 
(Turonian) possesses a prismatic layer which is essentially more irregular, although 
rather distinct.

The still older Aviculae have no regular prismatic structure but a rather 
irregular calcite, which, however, in some instances has an indistinct prismatic 
structure, while in other instances there is no trace of any regular structure at all. 
It is almost impossible to prove whether or not this calcite is primary, but in one 
instance (A. grgphaeata, alpine Triassic), where the aragonitic layer is still well 
preserved, it is not conceivable that the much more stable calcite should have been 
transformed. The other forms examined have no aragonite left, and because of 
the irregular calcite, its former existence is not easily proved. Examples of this 
almost structureless form we lind in A. anómala (Cenomanian), A. contorta and 
A. inaequiradiata (Rhaetic) and in A. crinita (Devonian). All other Aviculae examined 
belong to the second division.

Meleagrina margaritifera (recent). The prismatic layer is very regular, and up­
wards the prisms are ramified in a peculiar manner, getting very thin close to the 
surface. The optical orientation of the prisms is the opposite of the common one 
most individuals lying normally to the prism axes in the radial direction; here, 
too, there are, however, many exceptions with a quite irregular orientation.

Because of its regular and typical structure Meleagrina has been much examined by 
previous authors. Of these Biedermann (p. 15—17) especially describes the curious trans­
versal lines in the interstitial masses between the prisms and the round, air-tilled cavities 
in the same mass. Also Römer (p. 468) and Karny (p. 230—240) give detailed descriptions of 
tlie shell structure; the prisms drawn by Karny are by much less regular than those described 
by me, and the optical orientation is described by him as quite irregular. Schmidt (p. 150) 
draws attention to a composite optical structure of the single prisms which, however, is for the 
most part not very marked.

Of the genus Pterinea I have especially investigated the P. retroflexa (Ordovician 
and Silurian). In some instances 1 have found a very regular prismatic structure 
with a quite irregular optical orientation, while, in other specimens, I have found 
no regular structure at all. A regular prismatic layer with irregular optical orien- 
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tation I have also found in other species, as in P. plana (Devonian), while P. /'asci- 
culata (Devonian) does not show any distinct structure.

In Monotis substriata (Liassic) I have found a very regular prismatic structure 
with rather uniform extinction, the crystallographical axes lying in the radial direc­
tion, as in Meleagrina. In M. satinaría (Alpine Triassic) 1 have not succeeded in 
finding any distinct structure. In Pseudomonotis Clarai (Alpine Triassic) I have found 
a rather regular prismatic structure with rather uniform extinction with normal 
orientation of the axes.

In Halobia rugosa (Alpine Triassic) there is only a very thin, homogeneous 
layer with vertical axes.

2. Of the second group of the Aviculidae I have found no younger (Tertiary 
or Quaternary) representatives, it is, however, almost quite certain that they can 
have possessed no aragonite. Many of the shells are very well preserved with 
the original upper and under surfaces and in some instances, especially the Russian 
Aucellae, they were found in rocks in which the aragonite of other shells was perfectly 
preserved. It is characteristic that the hinges of most of the members of this group 
are well preserved and consist of primary calcite, whereas in other shells, they pos­
sess a lower aragonitic layer that mostly forms the main part of the hinge, the cal­
citic layer thinning out here to almost nothing. But the most characteristic feature 
of this group, to which many Aviculae and all Aucellae belong, is the behaviour of 
the calcitic layer.

The calcite has a very rare structure otherwise known only in some Grgphaeae 
and in some members of the Patellidae, viz. a crossed lamellar structure very much 
resembling the aragonitic structure so common among most mollusks. The principle 
of the arrangement of the particles is the same in all instances. The whole stratum 
of ruler-shaped lamels of 1st order standing vertically on the surface of the shell 
either in a concentrical or a radiating direction, and each of the lamels of the 1st 
order being composed of very thin lamels of the 2nd order arranged in an oblique 
direction in such a manner that, in the alternating lamellae of the 1st order they 
retain the same inclination but are turned to the opposite side. The two calcitic 
arrangements of this kind, on the one side the PaZeZZu-structure and on the other 
side the Aucella-Avicula-structwe and the Gryphœa-siruciure, resemble each other 
in so far that, in contrast to the corresponding aragonitic structure, lamels of 
the 2nd order lie much more flatly, but in other respects they are so essentially 
different from each other that there can be no closer relation between them; and 
this must also be considered very improbable because of their slight systematical 
affinity.

The essential angles of the Aucella-AuicuIa-structure are given in fig. 5 which 
shows some close-lying lamels of the 1st order; we must remember, of course, 
that the angles cannot be measured very exactly as the material itself is not very 
perfect. The obliquity of the lamels of the 2nd order is 17° (in Patella 13°), the 
angle between the optic axis and the direction of the said lamels is 77° (in Patella 35°) 
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and consequently the angle between the directions ol’ extinction in two adjacent 
lamels of the 1st order is 30° (in Patella only 6°). The chief difference between 
them is, however, that the main axis of the calcite, the direction of the extra­
ordinary ray, which, being in possession of the greater velocity of light, is drawn 
as the long limb of the cross, is orientated in a nearly normal position in relation 
to the lamels of the 2nd order, while in Patella the opposite is the case. Because 
of the flat orientation of the reflecting lamellae of the 2nd order it is possible to 
observe the structure directly on the under surface of the shell in the calcitic crossed
lamellar shells, while in the common, aragonitic 
shells the reflections are not visible outside.

In the genus Avicula I have found this 
structure in the following members: A. pectinata 
and A. danica (Senonian), A. macroptera (Neo- 
comian), A. Miinsteri (Upper Jurassic) (pl. I, 
fig. 2), A. costata and A. elegans (Middle Jurassic), 
A. Sinemuriensis (Liassic) and A. bavarica 
(Rhaetic). In A. Miinsteri the crossed lamellar 
calcite passes upwards into a peculiar prismatic, 
structure, not related to that otherwise found 
in the family. The prisms are almost quadratic in transverse sections and are op­
tically rather complicated; it seems that the single individuals of each prism form 
a continuation of the lamels of the underlying layer.

Of the genus Aucella I have examined A. costata (Middle Jurassic), A. volgensis 
(Neocomian), A. sp. (Aquitanian), and A. concéntrica (Neocomian); they all behave 
in a similar manner, the upper layer of the shell consisting of the crossed lamellar 
structure, which, however, passes downwards into a foliated structure with the folia 
parallel to the surface and producing a peculiar micaceous lustre on the underside 
of the shell. The optical orientation of these folia is parallel to that of the lamels of 
the upper layer and alternates in the same manner between one of them and the next.

An Aucellina gryphaeoides (Gault) shows the typical Aucella-Avicala-stvuciuve.

Ambonychiidae.
I have examined different forms belonging to this old family, viz: Ambonychia 

corrugata (Ordovician), A. sp. (Silurian), Cyrtodonta sinuata and Mytilarca sp. (both 
from the Silurian), without finding any trace of a regular structure. I, therefore, 
think it most probable that the shells of this family consisted of aragonite, but it 
is very difficult to prove it with certainty.

Pinnidae.
In a Pinna sp. (recent) there are two layers, an upper, calcitic, prismatic, and 

a lower, aragonitic, nacreous layer. The prisms, which are seen in transverse section in 
pl. I, fig. 3, are very regular and at the same time distinct, with an interprismatic 
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substance. The orientation of the optic axis is unusually regular, parallel to the 
direction of the prisms. Of older Pinnae I have examined P. decussata (Upper Creta­
ceous), P. sp. (Liassic) and P. flexistria (Carboniferous); they all of them have 
only the prismatic layer preserved which is very similar to that of the recent P.

No other kind of mollusk shells have been examined so thoroughly as those of the 
Pinna although their structure is as simple as possible. Among other anthors may be cited: De 
Bournon, I, p. 327 if., Cray, p. 791, Carpenter, 1844, p. 4 ff., 20 Ik, Rose, p. 78 ff., Biedermann, 
p. 42—71, Römer, p. 468 If., Karny, p. 208—230, Cayeux, p. 474 if., 481, Schmidt, p. 148 If. who 
give very detailed descriptions of all possible properties of both layers and also of their 
development. Although in themselves very interesting these descriptions have not so much 
significance for the present work which is of a more systematic kind, and where it is ne­
cessary to point out only the essential characters which may serve for a comparison between 
the different genera and families. From the investigations cited we may conclude that there 
is very little difference between the different species of Pinna.

Pernidae.
The members of this family behave very much in the same manner as those 

of the Pinnidae and of the main part of the Aviculidae, possessing an upper pris­
matic layer consisting of calcite and a lower nacreous one consisting of aragonite. 
The last named has been observed not only in the recent forms but also in several 
of the older ones, and we may, therefore, assume that it is universal in the family. 
One Perna forms a very curious exception from the common type and bears no 
resemblance to any other known shell.

Of the genus Perna I have examined a recent species which has regular prisms 
with a very regular extinction; of the older ones I have only had occasion to examine 
the P. lanceolatus (Planer) which possesses the above named peculiar structure. There 
is a distinct calcitic layer under which a thick layer of irregularly grained calcite 
suggests a former nacreous layer. The calcite of the upper layer forms one continuous 
individual orientated in such a manner that one cleavage face is always parallel 
to the surface; the main axis forms, of course, an angle of 45° with the surface and 
its inclination is in all instances turned to the proximal side. It is the only example 
among the shells where I have found any influence of the cleavage upon the orien­
tation of the calcite individuals.

The genus Inocerainus is well known because of its thick layer of large prisms 
which, however, towards the hinge pass gradually into Hat lamellae. In I. (Catillus) 
maximus (Turonian) the extinction is rather irregular but for the most part normal; 
the prisms are upwards ramilited as in Meleagrina. I. (Haploscapha) grandis (Upper 
Cretaceous) has, on the other hand, a very regular extinction, but the axes lie in 
a radial direction; each prism has, however, a distinctly complex optic structure 
with the directions of extinction diverging upwards (see p. 18). In I. Lamarckii 
(Turonian) the extinction is very irregular but most axes are reclined at an 
angle of c. 45°. I. Brogniarti (Turonian) has a quite irregular optic orientation 
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of the prisms. In other species of I. as I. concentricus, I. sulcatus and L subsulcalus 
(all Turonian) for the most part only the nacreous layer is left.

The genus Inoceramus has been described by Cayeux, who mentions the different 
possibilities with respect to the optic orientation of the prisms.

The rather thin prismatic layer of Gervillia has generally rather irregular prisms 
and mostly a very irregular extinction. I have examined the following species: 
G. socialis (Triassic), G. anceps (Neocomian), G. pernoides (Jurassic) and G. inflata 
(Alpine Triassic): the last named form has, in some specimens, the nacreous layer 
very well preserved.

Limidae.
The shells of the recent species of Lima consist of three layers, an upper one 

of calcite and two of aragonite. Of these the uppermost possesses a crossed lamellar 
structure with the lamellae of the 1st order, which are concentrically arranged, very 
regular, for the most part resembling those of the gastropods. The undermost layer, 
which is sometimes very thin but in other instances constitutes more that half of 
the whole shell, has a prismatic structure with fine, not very regular prisms, which 
are connected with the lamellae of the overlying layer in the same way as in the 
shell of Spondglus (see later on). Among the older forms which I have examined, 
I have found no aragonite, but in some instances the former existence of this sub­
stance is indicated by a distinct layer of irregularly grained calcite.

Miss Kelly (p. 51) has found that the whole shell of Lima hians consists of calcite, but 
according to my investigations this cannot be correct. The properties given by her, especially 
the specific gravity = 2,65—268 and t = 1,468, must have been determined in the upper layer alone.

The calcitic layer, which is of the greatest value for the comparison with the 
older forms, has a very characteristic structure which is hardly found in any other 
family. As a rule it may be said to be homogeneous with the axes lying in a 
radial direction but there are many variations from this scheme. The homogene­
ousness is not always perfect but passes into a more or less distinct prismatic 
structure with parallel extinction of the prisms, and the direction of the axes 
undergoes large variations in all dimensions. If we consider the radial cross sections, 
we shall lind the following variations, as shown in fig. 6 where the long arm of the 
cross signifies the relative axis of largest velocity (the projection of the main axis 
of the calcite in the plane of the section); the arrow shows the direction towards 
the margin of the shell.

1. The axes are horizontal or almost so; this structure is found in L. proboscidea 
(Jurassic), the shells of which however, are, very badly preserved and partially 
altered into chalcedony.

2. All axes are reclined, mostly at c. 45°; L. lineata (Triassic) and L. pune- 
lata (Liassic).

3. All axes are reclined but in the upper part more flat-lying, becoming gradually 
steeper downwards: L. tenuistriata (Jurassic), L. gigantea (Liassic), L. (Plagiostoma) 
exaltata (Liassic) and L. (Pl.) punctata (Liassic).

D. K. I). Vidensk. Selsk. Skr., naturv. og mathem. Aid., 9. Række, 11,2. 31
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4. At the upper surface the axes are horizontal, downwards they are more and 
more reclined: L. testis (Paleocene) and L. Holzapfeli (Danian).

5. In the uppermost part the axes are inclined: thereupon they become gra­
dually horizontal and more and more reclined. This is the structure in two recent 
species of Lima which I have examined and in L. nodulosa (Liassic): in the last 
named form, however, the structure is rather irregular.

6. The axes are first horizontal and then reclined, then again horizontal and 
at last more and more reclined: L. Hoperi (Turonian and Senonian).

12 3 4

6 7

Fig. 6. Lima.

7. The axes in the upper part are reclined. 
Downwards they become gradually vertical and 
at last inclined: this peculiar structure is found 
in Lima (Plagiostoma') rígida (Jurassic).

If seen in concentrical cross sections or in 
sections parallel to the surface, the shells in some 
instances possess a parallel extinction showing 
that the main axis of the calcite is orientated in 
the radial plane, but in other instances, especially 
in the three last named groups, we find very large 
deviations from the parallel extinctions. The main 
axes of the calcite must, in those instances, be 
orientated in a very complicated manner, if con­
sidered in space, and 1 shall not try to describe 

these structures in more detail. I have seen no other instance among the mollusk shells 
where there is a pronounced difference between the directions to the right and to the left.

Lima hians (recent) forms an exception to the type of the family, tbe calcitic 
layer being irregularly foliated as in Spondylus, Pecten and Ostrea.

Vulsellidae.
The members of this family possess two layers, an upper prismatic one, con­

sisting of calcite, and a lower nacreous and aragonitic layer.
In Vulsella hians (recent) the prisms are rather regular, thin (c. 0.01 mm), and 

possess an almost perfectly normal extinction. The prisms are ramifiéd al their upper end.
In Malleus albus (recent) the prismatic layer is divided by horizontal walls in to 

different layers, the prisms of which have very different thicknesses, the thickest 
being almost 0.07 mm. The prisms of each layer are ramified at their upper end. 
The prisms are rather regular, but their extinction is very variable; in most cases 
however, it is normal.

The shell of Malleus has been described by Leydolt who mentions partially or totally 
empty cells, which I have not found in the species at my disposal. Karny (p. 230—240) gives 
more detailed descriptions and drawings of the structure of M. albus, to which the reader is 
referred. His statement that there are in the main two different extinctions, forming an acute 
angle with the axis of the prisms, is not correct, according to my observations.



35 265

Peclinidae.
The Peclinidae have undergone a very peculiar evolution in geological times. 

Beginning, as far as can be ascertained, with a very common structure, a prismatic 
calcitic layer and a crossed lamellar aragonitic one, they assumed structures in the 
later periods which are absolutely divergent from all other known ones. As the material 
of the oldest forms is not very well preserved and rather scanty, it will be most 
natural to begin the description with the later ones, the Tertiary and Quaternary, 
which are generally well preserved.

All shells which are perfectly preserved with the exception only of those of 
Amussium consist of three layers, the upper of which is calcitic, while the middle 
one is aragonitic and the lower one calcitic, as shown in fig. 7 and in pl. I, fig. 5.
The aragonitic layer begins far from the margin of
the shell and is rather thin and not easily visible 
because of its transparency; the lower calcitic layer 
is only found in the proximal part of the shell, and 
in the hinge itself it quite dominates the two other

Fig. 7. Pecten.

layers. This lower, calcitic layer has an irregularly foliated structure somewhat
resembling that generally found in the upper layer of the newer Pectens, but it is 
somewhat coarser. In the mesozoic members of the family the aragonite rarely
exists, but in that case the lower calcitic layer is wanting and in other instances 
it is easily seen that it has not existed, the lower part of the shell being totally 
altered into irregularly grained calcite, which is always a good indicator of the 
former existence of aragonite.

As stated above, the aragonitic layer has been found in all later members of 
the family examined, not alone of the genus Pecten proper but also of the genera 
(or subgenera) Chlamys, Vola and Hinnites. Its structure is prismatic and the prisms 
are very straight and regular, very thin (up to 0.01 mm in diameter), and their 
extinction is generally exceedingly regular, parallel; in other instances, however, some­
what more irregular. The only mesozoic Pecten with preserved aragonite, which I 
have found, (P. aequiualvis, Liassic), possesses the same layer, but under that there 
is, in the part next to the hinge, another, thicker layer of aragonite with the crossed 
lamellar structure which is so common among the other mollusks and with the 
lamellae, as usual, arranged in the concentrical direction. There is no aragonite 
preserved in the still older shells of Pecten but it is perhaps most probable that 
the aragonite originally possessed the very common, crossed lamellar structure, and 
that this was afterwards replaced by the prismatic one.

The genus Amussfuzn, a recent species of which 1 have examined, seems to 
diller from other Pectinidae in several respects. The upper layer of calcite, possessing 
the common, irregularly foliated structure, is rather thin, and under this there is 
found a relatively thick aragonitic layer with crossed lamellar structure and with 
the lamellae, as usual, in the concenlrical direction. Under this layer follow the radiating 
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ledges consisting of calcite which is, of course, quite isolated from the upper calcitic 
layer. In the part of the shell next to the hinge there is, under the ledges and, 
between them, under the first-named aragonitic layer, another aragonitic layer with 
a similar prismatic structure to that found in the other members of the family. Of 
the older Amussiums I have only had occasion to examine the two Jurassic forms, 
mentioned later, and they have their ledges solidly connected with the upper calcite. 
Their structure must, of course, originally have differed essentially from that de­
scribed above.

The upper calcitic layer, which constitutes the greater part of the whole shell, 
is the only one suitable for comparison with the older forms, so it will be described 
here in somewhat more detail. The great majority of Pectens possesses one of the 
two structures, with some transitions which we may call respectively the irregularly 
foliated and the zigzag-lamellar; the former is the commonest among the younger 
forms whereas the latter is only found among the Jurassic and Cretaceous forms. 
Only the oldest of all Pectens of which I have had material al my disposal, the 
Palaeozoic and Triassic ones, possess other, prismatic structures.

The irregularly foliated structure is not easily described and is also rather 
variable. As a rule the shell is built up of thin leaves, which are mostly horizon­
tally orientated and give rise to the characteristic cleavage of the shells in question. 
In some shells, or in some parts of the shell, the leaves are rather straight but in 
other places they are curved or obliquely placed, or, in some instances quite verti­
cal. Often they intersect each other like a cross-bedding. The optic axis is in the 
main vertical but generally the leaves have no perfect extinction, and we must 
assume that the closelying, very thin, leaves possess a different optic, orientation. 
It is the same structure which is so characteristic of Spondylus, Ostrea a. o. (com­
pare pl. I, figs. 5 7, and pl. II, ligs. 1 and 2). Recent forms of this group are 
P. vitreus, P. aratns and P. septemradiatus, furthermore Chlamys opercularis, Hinnites 
pusio, Vola zigzag and maxima and Amnssinm sp. Of Miocene forms we have P. gigas 
and P. tigerinns, of Cretaceous forms P. dentatus (Senonian), P. Brogniarti and P. Cot- 
taldinus (both Neocomian), of Liassic forms may be mentioned P. Pollux.

Some of the Pectens of the 1st group may be said to form a transition to the 
next group as, in a certain layer near the surface, the lamellae have a tendency to 
take an oblique position, but this phenomenon becomes more distinct and regular 
in the following species which are consequently nearly related to the zigzag-lamellated 
Pectens, although the zigzag structure proper only begins when two or three layers 
are orientated in oblique positions in alternating directions. As typical transitional 
forms may be mentioned P. elongatus and lamellosus (Neocomian) and P. fibrosas 
(upper Jurassic) which have the structure shown in fig. 8,1 ; the section, like all 
the others in the figure, is a radial cross section, and the arrow points towards the 
margin of the shell. We shall see that a large, lower part of the shell possesses 
the irregularly foliated structure, and that over this layer there is another with 
reclined foliae passing upwards into another irregularly foliated layer which, how-
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ever, is more finely foliated than the lower layer. The extinction of the folia is 
nearly normal to their plane.

Vola qainq liecost ata and V. striatocostata (both Upper Cretaceous) possess a very 
similar structure but both the under and the oblique layer are much more regular 
and finely lamellated; the upper layer is irregularly grained (fig. 8,2).

The zigzag-lamellar structure. As a first instance we may take P. Mantelli 
(Senonian) (fig. 8,3); the lower layer is very finely and regularly foliated with an 
almost normal, or somewhat inclined 
layers of oblique lamellae, the lower 
ones inclined and the upper ones 
reclined, curiously enough, however, 
with almost the same extinction in 
such a manner that the under lamellae 
have nearly parallel, the upper ones 
nearly normal extinction. The upper­
most layer is irregularly grained.

In P. sublaevis (Kimmeridgian) 
the large, lower part of the shell 
is taken up by the two lamellar 
layers similar to those described 
above (fig. 8,4); the uppermost 
layer consists of irregular, in­
clined prisms with reclined axes.

The following Pectens have a triple zigzag structure with an under and upper 
layer of reclined lamellae, whereas the middle layer has inclined lamellae; the ex­
tinction is always inclined. Fig. 8,5 shows the structure of P. textorias (Liassic); 
the large, lower part of the shell has the irregularly foliated structure, and above 
this we have the zigzag structure with the upper and under layers rather narrow. 
The uppermost layer is irregularly prismatic. Very similar to this is P. aeqaivalvis 
(Liassic), (pl. I, tig. 6).

P. undulólas (Senonian) (fig. 8,6, and pl. I, fig. 4) possesses a very regular 
structure; the undermost layer is similar to that of P. Mantellii; the two upper 
layers of the zigzag lamellae are rather broad. The uppermost layer has no distinct 
structure but strongly reclined axes and a thin transitional layer underneath that 
has the axes vertical. P. serratas (Senonian) and P. cretosus (Upper Cretaceous) 
possess similar structures.

The small forms P. (Amassium) incrustatus (Middle Jurassic) and P. (Amussiairi) 
personatns (Liassic) possess the structure shown in Fig. 8,7. The shell proper con­
sists only of the zigzag layers, the middle one of which has broad but rather 
irregular lamellae. Above these layers there is a very irregularly prismatic and very 
thick layer which is possibly only an incrustation since it very similar to certain 
inorganic calcitic formations.

extinction, and above this

5 6
Fig. 8. 1. Pecten elongatus.
3. P. Mantellii. 4. P.
6. P. undulatus. 7. P.

layer we have two

2. Vola quinquecostata.
5. P. textorius.

8. P. disciformis.
sublaevis.

incrustatus.
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The most distinct of the structures in question is seen in P. disci for inis (Middle 
Jurassic) (tig. 8,8). The greater part of the shell is formed by the middle zigzag 
layer which has unusually broad lamellae (up to 0.2 mm); the undermost lamellae 
pass gradually over into a finely foliated layer possessing upwards an almost vertical 
axis and downwards an oblique one. Similar structures are seen in P. stewartianus 
(Middle Jurassic) and P. orbicularis (Senonian).

In the preceding part we have only considered the zigzag structures in the 
plane of the radial cross section. Observation of sections in other directions will 
show us that the lamellae are prolonged in a concentrical direction as shown in fig. 9

which gives a diagrammatic drawing of that of the zigzag 
layers which has the parallel extinction, e. g. the middle 

Fig. 9. Pecten disciformis.

layer of P. disciformis. In concentrical cross sections we 
see that extinction of the lamellae has an obliquity of 16°, 
alternately to the right and to the left, and in sections 
parallel to the surface we find in the same way an 
obliquity of 20°. This shows that the real optic axes are 
placed in a very peculiar manner; they have all the same 
obliquity in relation to the surface of the shell, but they

are alternately inclined to the right and to the left. In such instances where the 
lamellae are sufficiently broad it is possible to observe with the magnifying lens 
that one of the cleavages of the calcite is orientated nearly parallel to the surface. 

The prismatic structures. The few pre-Jurassic Pectens which 1 have had oc­
casion to examine are all prismatic but very different from each other as to the 
arrangement of the prisms.

P. laevigatas from the “Muschelkalk” has the whole shell built up of large 
prisms which lie in the radial direction; every prism reaches from the upper to 
the under side of the shell and its breadth (in the concentrical direction) is 
ca. 0.2 mm. The optic axes are orientated normally to the prisms and lie in the 
concentrical direction.

P. sp. from the “Muschelkalk” has a regular prismatic structure as known 
from Pinna a. o., with distinct, vertical prisms. The optic axes are generally parallel 
to the axes of the prisms, but there are many exceptions to that rule.

P. (Pseudamussium) Redesdalense (Carboniferous) has almost the whole shell 
constructed of irregularly grained calcite, suggesting the former existence of aragonite. 
Only a thin upper layer possesses an irregular and somewhat doubtful prismatic 
structure with very irregular extinctions; the optic axes, however, are in many 
instances not very far from the normal orientation.

Of course, no certain conclusions as to the evolution of the Pecten shell can 
be drawn from so few examples.

The shells of the Pectinidae have not been very much treated in the literature. Rose 
(p. 88) finds that the shell consists of calcite; Carpenter (1844, p. 19) gives a description and 
drawings of the common Pecten structure and in another place (1847, p. 95) he mentions 
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a very thin prismatic layer in P. nobilis. Cornish and Kendall (p. 71) determine the shell 
of P. opercularis as consisting of calcite; this is certainly incorrect and, after what was stated 
above, we must assume that all Pectens have both calcite and aragonite in their shells. 
Schmidt (p. 171) finds that the smallest elements of the Pecten shell consist of line crystal needles.

Spondylidae.
The shells of this family are very similar to those of the Limidae in so far 

as they consist of the same three layers, an upper one of calcite and two of 
aragonite. Of these the uppermost one has the crossed lamellar structure with the 
lamellae orientated in the concentrical direction, and the undermost one is prismatic 
(pl. II, fig. 7). As in the Lima, the prisms are, in a peculiar manner connected to 
the lamellae of the overlying layer, hut here in the Spondylus the structure is much 
more distinct than in the Lima. Seen from the side (in vertical sections of the shell) 
the prisms are very straight and regular hut seen in transverse sections (in sections 
parallel to the surface of the shell) they have a very irregular undulating contour. 
In polarized light the extinctions of the prisms are parallel to those of the lamellae 
of the overlying layer in such a way that one half of the prisms extinguish together 
with one set of lamellae, the other with the other set. The individuals of the lamellae 
of course protrude as prismatic figures through the lower layer.

It is only in some recent numbers of Spondylus and Plicatula that I have ob­
served this structure; in the older members of the family which I have examined 
the aragonite no longer exists, but there are, in some instances, signs of its former 
existence.

The calcitic layer is fairly alike in all members of the family and has the 
same irregularly foliated structure which is characteristic of many Pectens. Only 
in Spondylus faxensis (Banian) there is a perfectly homogeneous upper layer with 
horizontal, radial axes. Of other Spondyli I have examined S. spinosus (Senonian) and 
S. latus (Turonian); furthermore Plicatula Ravni (Paleocene), P. placuna (Gault) and 
Dimyodon Nilssoni (Senonian).

Bouhnon (p. 326) describes the shell of Spondylus gaederopus as consisting of two layers, 
the upper one coloured and foliated (the calcitic) and the lower one colourless and compact 
(the two aragonitic layers which are easily confounded with each other). Bose (p. 88) de­
scribes the shell of Spondylus as consisting entirely of calcite.

Anomiidae.
The shells of the Anomiidae consist exclusively of calcite, the structure of which 

is the more or less irregularly foliated; there is, however, some difference between the 
different genera. All species of Anomia examined by me possess an irregular structure 
very much resembling that of Spondylus and Ostrea, whereas Placuna is composed 
of rather regular folia the axes of which are not quite normal but somewhat reclined. 
Almost the same structure is found in the shell of Placunopsis undulata (Senonian).
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Both Gray (p. 794) and Carpenter (1844, p. 19) describe the shells in question as 
nacreous. I think, however, that there is a great difference between the two structures and 
that no calcitic shell can be said to be typically nacreous; they have a much more pearly 
lustre, very much resembling leaves of gypsum or mica or other minerals with prominent 
cleavage. The folia of the shells of Placuna and Anomia are easily separable from each 
other, which is not the case in the aragonitic, nacreous shells, and the calcitic “nacre” never 
possesses the perfectly regular building characteristic of true nacre. The comparison made 
by Carpenter between the shell of Placuna and those of the brachiopods, holds good for 
most sections but the essential property of the brachiopods, that they are composed of thin, 
lying prisms, makes them totally different from the shells here in question. In his second 
paper (1847, p. 95) Carpenter describes a very thin, prismatic layer in Anomia ephippium, 
which species I have not had occasion to examine. Schmidt (p. 169—171) describes the smallest 
elements of the shell of Placuna as consisting of very thin and narrow leaves.

Ostreidae.
I found no trace of aragonite in the shells of the recent oysters which I examined, 

nor did 1 find any in the fossil members of the family, of which I have examined many 
which are seemingly very well preserved, and which originate from formations in 
which other shells have their aragonite preserved. We must conclude, therefore, 
that the aragonite is entirely absent in this family.

As is well known, the structure of the oyster shells is of a most irregular kind 
and a regular structure only occurs in a few members of the older Gryphaeae. The 
typical structure of most shells is the irregularly foliated which bears some resem­
blance to that found in the Peclen and the Spondylus but as a rule even more 
irregular with the folia turned in all possible directions, although in most instances 
they are nearly horizontal, which gives rise to the characteristic pearly lustre of 
the shell. There is no difference between the different genera into which the mem­
bers of the family are commonly grouped. In the following species the said structure 
seems to make up the whole shell: Exogyra cónica (pl. II, fig. 1) (Neocomian), 
(). Haidingeriana (Alpine Rhätian), Exogyra canaliculata (Danian) and E. virgula 
(Kimmeridgian). In the different species to be described later on, with the excep­
tion only of the three described last Gryphaeae, we have the same structure com­
bined with other ones.

An upper prismatic layer is found in some instances but does not seems very 
common. In Ostrea edulis we lind such a layer consisting of rather regular and 
distinct prisms which, in their upper part, are curved in a characteristic manner 
and reclined. The extinction of the prisms is very irregular although a large part 
of them have the axes orientated in the normal direction. Alectryonia Marshi (Jur­
assic) possesses a thin prismatic layer, not alone at the outer surface but also at 
the inner surfaces towards the numerous large cavities in the shell; the prisms are 
irregular and their extinction is also very irregular. The prisms forming an upper 
layer of the shell of Gryphœa angulata (recent) are still more irregular. In no other 
shells of the oysters have I observed any prismatic layer.

It is a characteristic feature of many ovster shells that the lavers of normal 
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consistency alternate with others more or less porous which have all their elements 
placed vertically. The common oyster, Ostrea edulis (pl. II, fig. 2), possesses numerous 
such layers of a chalky consistency, consisting of very line, vertical folia; in sections 
parallel to the surface of the shell these folia are orientated in all possible directions. 
Their extinctions are not quite normal hut always somewhat oblique, and as the 
folia of the main substance behave in the same manner it would seem that the 
building elements are the same in both layers. Quite similar layers are found in 
the shells of Gryphaea angulata (recent). In some of the older members of the family 
there is the well known vesicular structure which is produced by thin, vertical walls 
placed at rather a long distance from each other; for the most part the cavities are 
filled up by later formed calcite crystals so that the original form of the leaves is not 
distincly seen. The best known instance of this kind is the Gryphaea vesicularis 
(pl. II, fig. 3) (Senonian and Danian), in the shells of which layers of the normal 
structure alternate with the cellular ones. Ostrea hippopodium (Turonian and Seno­
nian) has a similar structure. In Ostrea reflexa (Danian) the normal layers are 
reduced to thin films, the numerous layers of the cellular substance making up 
almost the whole shell.

As stated above, there are some of the older Gryphaeae which possess a crossed 
lamellar structure; it is possible that there are among the other members of this 
family or the adjoining ones transitions from the ordinary, irregularly lamellated 
structure to that here in question, but it is not possible to decide this more exactly. 
The only shells where the structure is (fuite distinct are Gryphaea arcuata (Liassic), 
G. signata (Callovian) and especially G. Cymhium (Liassic) (pl. II, fig. 4). The struc­
ture is in all essentials very much the same as that of Aucella and Aviada, so that 
fig. 5, p. 31 will give rather a good picture also of the structure of these Gryphaeae. 
The angles, which, because of the imperfect parallelism of the elements, cannot 
be measured with great exactness, are somewhat divergent from those of the figure. 
The obliquity of the lamellae of the 2nd order is 12° (instead of 17), the obliquity 
of extinction is 8° (13), and the difference between the extinctions of the two sets 
of lamella is, consequently, 40° (60). The elements are not so well arranged as in 
all the other crossed lamellar structures, and especially the fine lamellae of the 2nd 
order are not strictly parallel in the same lamel of the 1st order so that we obtain 
no perfect extinction of these in any position. Because of the flat-lying lamellae of 
the 2nd order their reflections are easily visible on the surface of the shell with 
the naked eye and especially on the fresh cleavage faces obtained by breaking the 
shell into pieces. We see on such faces a brillant moire structure, and we see that 
the lamellae are not very regularly bounded by straight lines but that they are 
rather short and generally get gradually thinner at the ends.

An observation by L. v. Buch that the fossil oysters have prisms in which we may 
see tlie cleavage faces of the calcite crystals makes it probable that he has seen the grained 
calcite filling the cells of Gryphaea vesicularis a. o. Carpenter (1844, p. 19) describes the struc­
ture of the oyster’s shell as “subnacreous”; he has observed the prismatic layers of Ostrea
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and Gryphaea. Rose (p. 84 fT.) gives a more detailed description of the shells of different oysters 
and determines their substance as calcite. Furthermore, investigations by Sorby (p. 62) and 
Tullberg (p. 37) may be cited.

Myalinidae.
The material at disposal does not allow of a certain determination of the shells 

of this family. Myalina rectirvirostris (Carboniferous) possesses a very regular pris­
matic, upper layer with quite irregular extinction, and under that the main part of 
the shell consists of irregularly grained calcite suggesting the former existence of 
aragonite. M. Keokuk (Carboniferous) has a very irregular and somewhat doubtful 
prismatic layer, whereas M. subquadrata (Carboniferous) has the whole shell built 
up of quite irregularly grained calcite.

Modiolopsidae.
Here, too, the material at disposal is very scanty so that it is not possible 

to ascertain with full certainty the original structure of the shells. In Myoconcha 
Stampensis (Liassic) there is some aragonite preserved but only as an earthy mass 
which does not permit us to state the original arrangement of the particles; on the 
other hand there is no calcite with the exception of a small amount of so irregular 
a structure that it must be assumed to be of secondary origin. M. Curionii (alpine 
Triassic) only possesses an irregularly grained, calcitic layer. Modiolopsis Nilssoni 
(Silurian) has seemingly very well preserved shells which, however, in sections, 
show an absolutely irregular structure indicating a secondary origin. It is, of course, 
probable that the shells of this family originally consisted of aragonite.

Mytilidae.
As to the shell structure this family may be divided into two totally different 

groups; the first, the main group, comprises all the salt waler forms, the second 
the fresh waler forms Congeria and Dreissensia.

1. The shells of the main group, if in a well preserved state, consist of two 
layers, an upper one, mostly very thin, calcitic, and a lower one, aragonitic. Only 
in some of the oldest members there seems to have been no calcitic layer. The 
structure of the calcite is typically homogeneous or indistinctly prismatic with the 
axes horizontal in the radial direction or nearly so; the aragonitic layer is nacreous 
and only in a few instances partially prismatic.

The common Mytilus edulis (recent) possesses a thick calcitic layer of blue 
colour; the axes are strongly reclined and in the upper part nearly horizontal. The 
structure is markedly irregular, being sometimes perfectly homogeneous and some­
times finely prismatic, and the prisms may, in some instances, be very indistinct, 
in others more marked, and there may be sharp boundaries between the different 
parts. The directions of the prisms are nearly parallel to those of the optic axes, 
though generally a little more horizontal so that each prism gets a somewhat obli­
que extinction. The aragonitic, white layer is normally nacreous.
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The shells of Mytilus have been described by various previous authors. Carpenter 
(1847, p. 99) finds no distinct organic structure in any of the layers; Tullberg (p. 14) gives 
a very detailed description of the formation of the shell. Ehrenbaum (p. 6 if.) describes the 
structure in all details. Cayeux (p. 479) refers the calcitic layer of Mytilus to his “structure 
fasciculée”, his pl. 49, fig. 3 shows dictinct and rather broad (c. 0.04 min) prisms which are 
very finely striated in different directions. I must confess that I have not been able to find 
any similar structure. Agood photograph of very fine, isolated needles is given by Schmidt (p. 149).

Of older Mytili I have examined M. mirabilis (Upper Jurassic) which has a 
very thin, calcitic layer, homogeneous, with nearly horizontal axes and under that 
a rather thin layer consisting of nacreous aragonite which is partially preserved, 
partially altered into grained calcite. A thick, lower layer consists of grained calcite 
but shows traces, in some places, of a line prismatic structure with quite vertical 
prisms. It is not possible to prove that these prisms consisted of aragonite, but it 
is most probable that we have here a relict of an original prismatic, aragonitic layer.

The Genus Modiola behaves in all essentials like Mytilus. M. Modiolus has a thin 
calcitic layer with a rather irregular structure but for the most part nearly horizontal 
axes and under that the nacreous layer; but in that there is a thin prismatic, ara­
gonitic layer. The prisms are apparently very distinct but on closer examination 
we see that there is a system of distinct, black lines running through the middle 
of the prisms while their boundaries are not very distinctly marked. The whole 
structure is much like that of the Mytilus mirabilis. Another recent Modiola has a 
very thin, calcitic layer, indistinctly prismatic with horizontal, radiating prisms and 
the axes nearly orientated in the same direction ; a prismatic aragonite here forms 
the under side of the shell. M. elegans (London Clay) has no prismatic, aragonitic 
layer; the calcitic layer is perfectly homogeneous. Septifer Cottar (Senonian and 
Danian) only possesses the calcitic layer which is indistinctly prismatic with hori­
zontal prisms and horizontal axes, whereas M. laeuis (Liassic) has a perfectly homo­
geneous calcite.

Lithodomus lingualis (Carboniferous) has a calcitic, prismatic layer with hori­
zontal, radiating prisms and the axes orientated in the same manner.

2. The genera Congeria and Dreissensia differ from all other newer Anisomyaria 
examined by having no calcite in the shells; from the other Mytilidae they differ by 
the aragonite not being nacreous but possessing a crossed lamellar structure with 
the lamellae arranged, as commonly, in the concentrical direction. The aspect of 
the lamellae, as seen in a section parallel to the surface, is a typical rhomboidal; 
as seen in radial sections they are curved and reclined, and in both respects they 
show great similarity to the bivalves of the next section.

An entire contrast to the above-named, recent forms is a Dreissensia tippana 
from the Senonian Ripley formation, the shell of which is nacreous throughout; 
there is no trace left of any calcitic layer.

35
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As will have been seen from the foregoing, there is very much variation in 
the structure of the shells of the Anisomyaria, the most common feature being 
the existence of two layers, an upper, calcitic and an under, aragonitic one, but 
both of them are very variable from one family to an other, and there is no visible 
correlation between them, all possible combinations being found. This will be clearly 
evident from the following table giving the typical structures for each family and 
omitting some more exceptional forms. For the sake of clearness I have divided 
the Anisomyaria in to the older and the newer forms, the first group comprising 
the Paleozoic and older Mesozoic ones and the second the younger Mesozoic and 
the Kainozoic ones.

Table of the Anisomyaria.

Family
Older forms Newer forms

calcite calcite aragonite

Aviculidae, main part... Í prismatic or no re-)
1 guiar structure /

prismatic nacreous

» (Aucella-Avi-
cu/u-group) . . crossed lamellar none

Ambony chiidae............... no regular structure
Pimiidae....................... prismatic prismatic nacreous
Pernidae ............................ prismatic nacreous
Limidae..................... homogeneous / crossed lamellar

1 + prismatic
Vulsellidae................... prismatic nacreous
Pectinidae......................... prismatic /irregularly foliated prismatic(+an under

lor zigzag lamellate d calcitic layer)
Spondylidae..................... irregularly foliated 1 crossed lamellar

1 + prismatic
Anomiidae .. . irregularly foliated 

I irregularly foliated ]
none

Ostreidae............... < (rarely crossed > none

Myalinidae........................ 1 prismatic or no re- 
) guiar structure

lamellar)

Modiolopsidae................... no regular structure
i homogeneous | nacreous

or n. 4- prismaticMytilidae, main part . . prismatic K or indistinctly pris-
matic

» ( Congcria-
Dreissensia). none crossed lamellar

Although the material from the older formations, which I have had at my 
disposal, is, in most instances, rather scanty, it will be obvious, however, that 
there is a great difference between the older and the newer forms both because 
the older forms only in some instances possess a regular structure and the only
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regular structure found is the prismatic one, even in such families in which the newer 
forms have other structures. It would seem, of course, that the prismatic arrange­
ment is the most primitive, which was only what might be expected at the outset. As 
to those instances where no regular structure is found, it is very difficult to say 
anything certain about the original state of the shell. There are three possibilities: 
1) The shell originally consisted of aragonite; it is most probable, then, that the 
structure may be exceedingly irregular, often with very large individuals. 2) The 
shell originally consisted of calcite the structure of which has been lost; at the out­
set we should find it rather improbable that such an alteration could take place, 
especially wenn we see other groups of animals, the shells of which are almost al­
ways preserved in their original state, e. g. the brachiopods, the trilobites and the 
Palaeozoic corals. We cannot, however, deny this possibility in some instances if 
we find one species as e. g. Pterinea retroflexa, the shells of which have sometimes 
a regular prismatic layer while it is not possible to find any such in many other 
specimens. We must assume, then, that the prisms have been dissolved whereupon 
the cavity has been filled up by a new calcitic mass, or that the prisms have fallen 
from each other and then given rise to the formation of crystals of calcite. 3) The 
irregular structure may be the original, calcitic one. To be sure, we know no in­
stance of irregular calcite in any bivalve shell, but some of the gastropods possess 
such a structure; in that case, however, it is never quite irregular but there is a 
certain conformity in the behaviour of the single individuals as to size, transpa­
rency a. o. properties, as there is also generally some uniformity as to the form of 
the individuals. In many instances it may be difficult to say if we have an irregular 
structure or an indistinct prismatic one. As stated above, it is most probable that 
some of the older Aviculae possess such a structure.

2. Order. Homomyaria.
The shells of the bivalves belonging to this order are in most respects different 

from those of the former one. Calcite is very rare, being found only in some of the 
families with very thick shells, especially the Rudistae. The typical structure of the 
aragonite is the crossed lamellar structure of the form characteristic of the bivalves. 
The lamellae of the 1st order are, with very few exceptions, only concentrically ar­
ranged ; if seen in radial cross sections they are almost always very irregular, be­
coming thinner or ramified, and often obliquely placed or curved. If seen in sections 
parallel to the surface they are generally not bounded by parallel lines, as in the 
gastropods, but form a characteristic rhomboidal network. In concentrical sections 
we see the lamellae of the 2nd order forming a system of fine oblique lines crossing 
each other at nearly the same angle as in the gastropods. The lamellae of the 1st 
order are generally very fine and it requires a good magnifying lens to detect them 
upon fracture faces of the shell.

Although the crossed lamellar structure is the most typical one, it is in many 
families combined with other structures and in other families it is entirely miss­
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ing. On the other forms of aragonite found in this order few general remarks can 
be made, as there is rather a large range of variability; the nacreous structure, so 
common among the Anisomyaria, is rather rare here.

As there is no distinct difference between the shells of the three main groups 
of the Homomyaria, viz. the Desmodonta, the Heterodonta and the Taxodonta, we 
shall treat them together in the following.

Nuculidae.
The shells of this family must be divided into three groups which have very 

little to do with each other; the genus Nucula has representatives in all groups, 
whereas other recent genera examined all belong to the third group.

1. The lower part of the shell consists of a generally rather thick nacreous layer 
while the upper part has a structure which may be designated as composite pris­
matic; each of the radiating ledges which are characteristic of most of the forms 
in question forms a prism of the 1st order which is composed of very thin prisms of 
2nd order arranged in a feathery manner, the feathers diverging in the distal direc­
tion. The extinction of the smaller prisms is rather irregular, most of the optic axes 
are, however, parallel to the axes of the prisms. Most of the newer Nuculae exa­
mined, the recent N. nitida (pl. II, fig. 5) and nucleus, the Tertiary N. Mayeri (Mio­
cene) N. Greppini (Oligocène) and N. similis (Eocene) (pl. II, fig. 6) belong to this 
group. Among the Mesozoic forms I have only found this structure in N. pectinata 
(Gault).

2. Nucula trígona (Eocene) has no nacreous layer; the whole shell is built up 
of very fine crossed lamellae, curved and reclined.

3. There is no nacreous layer; the shell is homogeneous or very indistinctly 
prismatic. The axes are vertical on the under side of the shell but upwards they 
are curved and reclined. In the upper part the homogeneous structure is more indi­
stinct and passes gradually into the very finely grained. Yoldia arctica (recent), Leda 
pernula (recent) and L. Deshayesiana (Oligocène) belong to this group. The last named 
form has the axes more turned round than is usual, in such a manner that they are 
horizontal a little under the surface, and at the surface inclined. The oldest Nuculae 
with the shells preserved, N. Hammeri (Middle Jurassic) and N. lineata (alpine Tri­
assic), belong to this group. The state of preservation of this form, which is among 
the oldest of all aragonitic shells preserved, is peculiar. Some parts of the shell are 
seemingly absolutely preserved and quite solid, not earthy like many of the other 
aragonitic shells from the Tertiary and Mesozoic formations, whereas other parts 
are transformed into irregularly grained calcite. All other Mesozoic Nuculidae and, of 
course, all Paleozoic forms examined have been totally transformed into calcite.

Judging by the genus Nucula the structure of group 3 must be the most pri­
mitive; from that the crossed lamellar structure may have been developed by a 
more gradual transition while the structure of group 1 seems to bear no closer 
relation to the other two.
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Arcidae.
The members of this family are very much alike, the greater part of the shells 

being built up of crossed lamellae, as is usual in the concentrical direction; the la­
mellae are markedly curved and reclined in the upper part of the shell and in some 
instances almost horizontal. Otherwise they are much more regular than in most other 
bivalves and their aspect in sections parallel to the surface is almost as in the gastro­
pods. Only in the proximal part of the shell there are, on the under side, other struc­
tures, as a thin, dependent prismatic layer and a layer of a very irregular structure, 
coarsely prismatic with a very complicated optical orientation. Among the forms exa­
mined there are representatives of the genera Area, Pectunculus, Limopsis and Cucullaea.

The genus Area was described by Bournon (p. 326) who points out the analogy of their 
shells to those of Strombus; Schmidt (p. 173) equally compares the shells of Area with those 
of the gastropods, his photograph only shows the lamellar structure in the middle part of 
the shell while I have always found it extending to the upper surface. It must be remem­
bered, however, that the lamellae in the upper part have another direction and are not distinctly 
visible if the section is not placed in the radial direction. The shell of Pectunculus is described 
by Rose (p. 97) as “faserig”; the description given by him of the directions of the threads is 
not easily understood. Cayeux gives a very good photograph of the shell of Pectunculus (his 
pl. 51, fig. 4); his under layer (“couche lamelleuse, str. entrecroisée”) shows what I have described 
above as the irregular layer, whereas his upper layer (“Couche dite prismatique”) is the crossed 
lamellar layer.

Nayadidae.
The shells of Unio, Anodonta and Margaritona are constructed in a very regular 

manner. Uppermost there is a generally rather thin prismatic layer with regularly 
formed prisms; each prism is optically perfectly homogeneous with feathery and down­
ward diverging axes (as shown in fig. 1, a). The thicker under layer is nacreous.

Because of the regular structure the shells of this family have been described by many 
previous authors; Carpenter (1847 p. 97) gives the main features of the shell. Rose (p. 83) 
erroneously determines the prismatic layer as being calcitic. Biedermann (p. 8—71) gives very 
detailed descriptions of the development, structure and optics of the shells in question, 
to which the reader is referred; his conclusion that the single prism “gewissermassen auf­
gefasst werden kann als eine Säule aus übereinandergeschickteten scheibenförmigen Sphäro- 
krystallen” cannot, however, be considered as correct and shows that he has only observed 
the prisms in sections parallel to the surface. Römer (p. 439—468) has also investigated the 
structure of the shells in question very thoroughly ; he shows that the explanation of Bieder­
mann cannot be correct, but on the other hand he gives an explanation which, according to my 
observations, is also incorrect, viz. that each prism should represent a part of a large spherocry- 
stal (his textfigs. 2 and 3). The existence of the feathery structure is inferred from the fact that 
the prism, in a parallel position, in polarized light shows a black line of equal thickness 
through the whole length while in an oblique position the black line moves to one side but 
retains its orientation parallel to the axes of the prism, whereas a spherocrystalline structure 
would produce a black line thinner at the end turned towards the centre while, if the pre­
paration were turned, it would take an oblique position. It is also uncorrect when Römer 
concludes that there may be a gradual transition from the prism of Anodonta to that of a 
Pinna. Besides the fact that the one is aragonitic, the other calcitic, there is the great 
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difference that the Anodonta prism has the structure which is here called homogeneous, while 
the Pinna prism consists of a single crystal individual. Karny (p. 240—259) gives an explana­
tion, in all essentials correct, of the structure of the prisms in question. In his fig. 18 we 
must, however, imagine that the upper end of the prism is turned downwards as the figure 
would otherwise show the elements diverging upwards, which is not the case for the prisms 
of that family. Schmidt (p. 152 if.) gives very good descriptions and figures of the optics of 
the shells in question but curiously enough he arrives at the same result as that obtained by 
Biedermann that the prisms are segments of spherocrystals. Also Tullberg (p. 34) gives a 
description with figures of the shell of Margaritona.

Trigoniidae.
The shells of the Trigoniidae in certain respects much resemble those of the 

foregoing, possessing an upper prismatic layer and a lower nacreous one. The prisms 
are for the most part strongly reclined and their form is very irregular; some of 
them are extinguished simultaneously in all their parts, while others have a rather 
indistinct feathery structure with upward diverging axes. The nacreous layer, which 
constitutes the greater part of the shell, is very regular downwards, and possesses 
a prominent lustre; in its upper part it is rather impure with an indistinct prismatic 
structure which makes the lustre much weaker and interrupted; it may be traced, 
however, up to the first-mentioned prismatic layer. The nacreous lamellae, which 
are quite horizontal in the lower part, get gradually strongly inclined upwards. Be­
sides a recent Trigonia I have examined T. Bronni and T. navis (Jurassic) which are 
both rather well preserved, whereas all other older Trigoniae examined are altered 
into grained calcite.

Carpenter (1847, p. 101) describes both the upper cellular (prismatic) layer and the 
lower, nacreous one of Trigonia.

Astartidae.
The shells are rather uniform, possessing an upper crossed lamellar and an 

under, prismatic layer (pl. Ill, fig. 1). The crossed lamellar layer, forming the greater 
part of the shell, has, as is usual, the lamellae placed in the concentrical direction; 
they are very fine and, especially in the under part, sometimes become gradually 
quite invisible, passing into a homogeneous layer. Typically the lamellae are vertical 
in the lower part but passing upwards get gradually more reclined, becoming, some­
times, quite horizontal; in many instances the whole upper part of the layer is very 
irregularly constructed.The lamellae, when seen in a section parallel to the surface, mostly 
show the typical bivalve structure, although somewhat more straight-lined than in most 
bivalves, forming in this manner a transition from the Arcidae to the following families.

The under, prismatic layer is mostly confined to a smaller part of the shell 
next to the hinge; it is generally rather thin. The prisms behave somewhat diffe­
rently in the different genera. In Astarte and Nicania each prism consists of one 
individual; the form of the prisms is rather irregular, their extinction for the most 
part very regular with the optic axes parallel to the prism axes. In Cordita and 
Venericardia the prisms are of a more complex nature.
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Forms examined are Astarte borealis, A. semisulcata, A. compressa and A. elliptica 
(all recent), A. Reimersi (Miocene) and A. porrecta (Jurassic); Nicania Banksi (recent). 
Furthermore Cardila borealis (recent), C. Jouanneti (Miocene), C. tenuicosta (Gault) 
and Venericardia imbricata (recent).

Astarte borealis was described by Ehrenbaum (p. 18) who linds two substances which 
are quite distinct although the difference between them is said to consist only in a slight 
variation in colour. Both layers are said to consist of lamellae, and lhe prismatic layer is 
not mentioned. Cayeux in his pl. 50 gives two excellent figures of lhe shell of Cardila; fig. 2 
(“couche prismatique”) shows the typical bivalve mode of orientation of the crossed lamellae 
when seen in a section parallel to the surface, while fig. 5 (“couche lamelleuse”) shows the 
prismatic layer interrupted by lines of growth.

Crassatellidae.
The Crassatellidae much resemble the members of the foregoing family, the shells 

being built up of concentrical, crossed lamellae; there is, however, no under, prismatic 
layer. The lamels are very line and strongly curved in such a manner that down­
wards they are nearly vertical and upwards gradually reclined and, in a certain layer, 
almost horizontal, whereupon, in the uppermost layer, they get almost vertical. Down­
wards the lamels get gradually more and more indistinct, passing into an almost 
homogeneous layer which is also for the most part strongly lamellar because of 
the succession of former inner surfaces of the shell. As examples of Crassatella I 
have used C. dioaricata (recent), C. túmida and C. lamellosa (Eocene).

Megalodontidae.
Of this family I have found no members with the shells preserved other than 

Megalodon pumilus and Durga crassa (both from the Jurassic). They are very much 
alike and show a very peculiar structure. The shell consists of two layers, an upper, 
homogeneous or very indistinctly prismatic one with vertical axes, and a lowrer 
one constituting the greater part of the shell, of the complex type with many alter­
nating layers of two kinds (pl. Ill, fig. 2). The one is prismatic with rather irregularly 
formed prisms and with the optic axes in the Durga almost vertical, while in the 
Megalodon they are somewhat more divergent; the other is of that very complicated 
kind which may be designated as complex crossed lamellar, showing the crossing 
lines in both kinds of transverse sections.

Isocardiidae.
There is no little similarity between the shells of this family and those of 

the former. There is an upper layer with a homogeneous structure which, how­
ever, in the greater part is finely grained. Under that layer the greater part of 
the shell consists of many layers of a complex crossed lamellar structure between 
which there may be exceedingly thin layers with a finely prismatic structure. This is 
the structure of the Tertiary species Isocardia Forchhammeri (pl. Ill, fig. 3) (Miocene),

D. K. D. Vidensk. Selsk. Skr., naturv. og ma them. Afd.,9. Række, 11,2. 36 
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whereas I. cor (recent) is in so far different as the lower layer, which is also much 
thinner than the upper one, is less complicated and encloses no prismatic layers.

Chamidae.
In the species of Chama examined there is no calcite; the shell consists of 

two layers, of which the upper one is crossed lamellar with concentrical lamellae 
(pl. Ill, fig. 4). The lamellae are rather coarse and downwards rather regular, almost 
vertical or somewhat reclined, whereas, in the upper part of the shell, they are 
strongly reclined or quite horizontal, the whole structure being very irregular here. 
The lower part of the shell is somewhat similar to that of the foregoing families 
with an alternation of prismatic and complex crossed lamellar structures. The distri­
bution of these two elements is, however, very peculiar, as they do not form regu­
larly alternating layers but are more or less irregularly mixed together. In a C. sp. 
(recent) we find irregularly bounded crossed lamellar spots distributed in the pris­
matic layer (pl. Ill, fig. 5) whereas in the Eocene forms, C. rustica, C. lamellosa and 
C. ponderosa the distribution of the twro elements is somewhat more regular.

Carpenter (1847, p. 100) gives a description of the shell of a Chama to which he ascribes 
a cellular structure; his drawing, which gives a rather good picture of the lamellar layer (c) 
and the prismatic one (a) as seen in a section parallel to the surface, he explains as showing 
the cells cut in different directions. Cayeux (p. 480, pl. 50) gives a photograph of a concentrical 
section showing, in all probability, the irregular upper part of the shell.

In the other genera of this family I have found no aragonite preserved but 
there are, in some instances, distinct signs of its former existence. On the other hand 
there is, in almost all of them, a calcitic layer, the structure of which is prismatic 
although very variable. In Requienia ammonia (Neocomian) there is a regular, pris­
matic layer with coarse (up to 1/2 mm. thick) prisms which are vertical with very 
regular, vertical optic axes. Similarly in Caprotina texana (Cretaceous) and in Diceras 
arietinum (Upper Jurassic), whereas in D. Luci (Tithonian) there are two calcitic 
layers, a lower one consisting of very coarse, horizontal, radiating prisms with 
the optic axes mostly parallel to the axes of the prisms, and an upper one con­
sisting of finer prisms which are reclined and strongly curved in such a manner 
that they are nearly horizontal downwards, and upwards increasingly vertical. The 
optic axes are also reclined but not curved so that each prism obtains in one place 
a parallel extinction and in all other places an oblique one. Gyropleura Münsteri 
(Senonian) possesses the most peculiar structure; it is true that large parts of the 
shell are rather irregularly built, but sometimes there are, over rather large areas, 
only two individuals, a lower and an upper one, sending acute triangular indenta­
tions into each other. The direction of these indentations is reclined, and the optic 
axes of both individuals are also reclined but in different degree.

In the handbooks of Zittel a. o. it is commonly stated that the shells of the Chamidae 
consist of a prismatic and a porcellaneous layer; as to the Chama itself this statement is not 
correct as the crossed lamellar structure is the most typical for what is commonly called 
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porcellaneous. The other genera may possess the two said layers but I have not succeeded 
in finding any of them with the aragonite preserved and in the literature there is no direct 
statement to that effect.

Caprinidae.
The material which I have had at my disposal of this family is too small 

to draw any certain conclusions about the structure. Only in Plagioptychus Partschii 
(Cenomanian) I have found an original calcite forming a thin layer of rather irregular 
prisms with rather irregular extinction, while the thick, lower part of the shell consists 
of irregularly grained calcite suggesting the former existence of aragonite. In C. adversa 
and C. quadritesselata (both Cenomanian) I have found no regular structure at all.

In the handbooks of Zittel the shells are described as consisting of a prismatic layer 
and a porcellaneous one between which there is a porous or cellular layer. It is most prob­
able that both the last-named layers consist, or have consisted of aragonite.

Rudistae.
The shells of the Rudistae consisl of two layers, an outer, generally very thick, 

calcitic, one, and an inner, relatively thin, aragonitic one. It is true that I have in 
no instance found the aragonite preserved, but in the best specimens at disposal it 
is altered to a loose, chalklike substance, and in others to an irregularly grained 
calcite. Its former existence cannot, however, be doubted both in the inner layer 
of the shell and also in the inner tabulae of the Hippurites.

The calcitic part of the shell behaves in two, quite different manners. In most 
of the genera Sphaerulites, Radiolites and Biradiolites it possesses a peculiar cellular 
structure whereas in all species of Hippurites and in some of the other genera it 
possesses a compact prismatic structure of a more common kind. As most of the 
labels in the Museum of Copenhagen are of rather old dale, it may be possible 
that the genus is not correctly determined, and it may be that the compact struc­
ture will really include all members of the genus Hippurites and the cellular one 
all the other genera mentioned.

An examination of the cellular shells shows that the cells are bounded by two 
essentially differently constructed elements. The one of them, which we will call 
the tabulae, possesses a prismatic structure with the prisms placed normally to the 
plate, while the others, which we will call the walls of the cells and which are 
orientated, in one or two dimensions, normally to the tabulae, likewise possess a 
prismatic structure but with the prisms, which form only one layer, orientated 
parallel to the walls and normally to the tabulae, all prisms, in that manner, being 
turned in the same direction throughout the whole shell.

The orientation of the tabulae is in many instances that which is, in other 
shells, called the concentrical one, normal to the cylinder axis of the animal, but 
in other instances it may be parallel to the surface (as in many members of the 
genus Biradiolites) or take an oblique position between both. In the typical Sphaeru­
lites they extend into the protruding leaves and are orientated parallel to their surface.

36*
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The tabulae consist of an exceedingly thin, intransparent layer on the one 
side of which is found the above-mentioned prismatic layer (best visible in pl. IV, 
figs. 1 and 6) which is generally very irregular and with a very irregular extinction. 
In many instances (Biradiolites cornu pastoris (pl. IV, fig. 1), B. speciosus, B. angulosus, 
Rcidiolites radiosus (pl. IV, figs. 2 and 3), R. triangularis, R. suecicus, Sphaerulites 
uentricosus, S. Beaumonti, S. cylindricus (pl. IV, fig. 4) the prismatic layer is very 
thin (up to 0.02 mm. thick), while in others (Biradiolites pseudo-Mauldei, B. foliace- 
alaeformis (pl. IV, fig. 5), B. canaliculatus, B. pseudo-cornu-pastoris (pl. IV, fig. 6), 
Sphaerolites calceoloides it is essentially thicker and consists of coarser prisms. Gene­
rally the whole layer is, then, regularly arched, being thicker near the attachments 
of the cell walls than elsewhere.

The cell walls are more uniform than the tabulae, their thickness varying 
about 0.05 mm. As stated above, they consist of one layer of prisms (faintly visible 
in pl. IV, fig. 2) the extinction of which is generally rather irregular. While all the 
walls have a position normal to the tabulae, their form is very variable. In most 
instances (most of the above named species) they all form plane lamellae radiating 
from the axis of the animal (pl. IV, fig. 4, and pl. V, fig. 1), while in other in­
stances (Radiolites radiosus, R. triangularis, Biradiolites angulosus) the main direction 
of the walls is the same, whereas, in certain parts of the shell, they get much 
more irregular, anastomosing and in this manner forming a real network. In other 
forms (Biradiolites cornu pastoris (pl. Ill, fig. 6), Sphaerulites uentricosus) the walls 
seem to form a perfect network throughout.

The dimensions of the cells are very variable among the different species and 
also in different parts of the same shell. The figures will give the best information 
on this point. Also in other respects there is much variation in the structure of 
the shells, and we shall possibly find sections of some of the named species which 
differ in some respect or other from the scheme given above. Notably we shall 
observe, sometimes, that large parts of the shell possess a compact prismatic struc­
ture (pl. IV, fig. 5), the exact extension of which it has not, however, been possible 
to ascertain. We may imagine that such parts have formed a skeleton in the main 
part of the shell which must have been very light and fragile at the time when the 
cells were not, as now, filled up by later formed calcite.

The other group of the Rudistae seems to have its shells consisting totally 
of compact prismatic calcite although it will be difficult to prove this with certainty 
if we do not make sections of all parts of the shell. Most typically (Hippurites 
bioculatus, H. cylindraceus, H. sulcatus, H. canaliculatus, H. turgidus, H. organisons) 
(pl. V, fig. 2) the prisms are fine (ca. 0.02 mm. thick) and possess a very regular 
extinction. Generally they are orientated nearly normally to the surface of the shell or 
in a more oblique direction, but in many instances they run rather irregularly. A 
section parallel to the surface often shows a feathery arrangement, much resembling 
that of some Nuculae. H. cornu vaccinum also has a prismatic structure but the prisms 
are very coarse (up to 0.5 mm. thick) and regularly placed normally to the surface.
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In some Rudistae (Radiolites lumbricalis, Sphaerulites dilatatus, S. speciosus) I have 
not succeeded in finding any regular structure; some parts of the shell possess a 
rather coarse and mostly very irregular prismatic structure and I have found no 
distinct cellular structure in these forms.

Zittel in his various handbooks mentions two layers of the Rudistae without stating 
anything about the existence of aragonite in the inner layer; in his older editions (e. g. the 
English one of 1900) this layer is said to be “cellular-crystalline” in the “Radiolitidaé” and 
“lacunary and prismatic” in the “Hippuritidae”, while in the newer editions it is said to be 
“porcellaneous and consisting of closely lying, parallel leaves”. As stated, above I have found 
no primary structure in the inner layer. In all editions of the handbook Zittel gives a draw­
ing of the cellular structure of the Radiolites which seems to represent one of the forms with 
the most perfect network as Biradiolites cornu pastoris and Sphaerulites ventricosus. The remark 
of Zittel that the tabulae, together with the upper margin, often bear impressions of radial 
vessels, seems to indicate, on the other hand, that he has observed the common type and that 
the impressions referred to are the traces of the radial cell walls. Cayeux describes the Rudistae 
under the heading “structure cellulo-prismatique” without remarking that all the elements 
of the cells possess a real prismatic structure which is the only one building up the calcitic 
part of all members of this family.

Erycinidae.
The shell of Erycina sp. (Eocene) consists of two layers the upper one of 

which is, in radial sections, very similar to that of some Nuculae, being finely pris­
matic with a feathery arrangement. There is, however, the difference that the axes 
are, in many places, nearly normal to the prisms and to the surface of the shell. 
The lower layer is crossed lamellar with concentrical lamellae. Of the other members 
of the family I have examined Kellia sp. and Lasaea rosea (both recent); because 
of the smallness of the shells it is very difficult to state the structure with certainty 
but it seems that they are built up throughout of crossed lamellae.

Tancrediidae.
The shells of Tancredia axiniformis and T. Jarneri (both from the Jurassic) 

consist of a perfectly homogeneous aragonite with normal extinction.

Lucinidae.
Of this family I have examined Lucina borealis a. o. recent Lucinae, L. órnala 

and L. incrassata (Miocene), L. concéntrica (Eocene) and Corbis lamellosa (Eocene). 
The shell always consists of three layers and of these the upper one is prismatic 
with lying, radiating prisms; there is, however, much variation between the different 
forms, the prisms being sometimes strongly reclined and having sometimes a feathery 
arrangement (pl. V, fig. 3) and diverging towards the margin in the same manner as 
in some Nuculae. In sections parallel to the surface they sometimes show the same 
feathery arrangement and sometimes they are more regular and parallel. The prisms 
are mostly rather fine but sometimes they get much coarser and there may be, in that 
respect, great variations in the same shell. Equally the extinction is very variable; 
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usually it is parallel to the direction of the prisms but it may be the opposite, 
normal to the prism, or more or less irregular. In some forms we find a peculiar 
variation between different parts of the prisms as they have in some places a pa­
rallel and in others a normal extinction.

The middle layer always consists of crossed lamellae, concentrically arranged 
(pl. V, fig. 3). There is some variation as to the coarseness and distinctness of the 
lamellae but in the main they are rather uniform. In radial cross sections they are 
generally very regular, in sections parallel to the surface they show the arrangement 
typical of the bivalves (pl. V, fig. 4).

The lower layer is the most variable, being in some instances regularly pris­
matic (Lucina concéntrica and L. borealis) and in others complex crossed lamellar 
as seen, in a horizontal section, in pl. V, fig. 5 (L. ornata, L. incrassata and Corbis 
lamellosa). In such instances, however, there may sometimes occur thin prismatic 
layers interrupting the lamellar ones. The prisms have the properties common to 
most aragonitic prisms of the bivalves; when seen in sections parallel to the prism 
axes (cross sections of the shell), they look very regular with parallel extinction, 
whereas in cross sections they are very irregularly formed. Sometimes their extinc­
tions seem to be parallel to those of the overlying, crossed lamellar layer.

Conocardiidae.
Conocardium pygmaeum (Silurian) certainly possesses two layers in the shell, 

an upper, calcitic one, and a lower one originally aragonitic which is always 
altered into irregularly grained calcite. The calcitic layer has a prismatic structure 
with the very fine prisms lying in a radiating direction, but the structure is in most 
respects very complicated. All others species of C. examined (e. g. C. bohemiana, 
C. artifex) only consist of irregular calcite.

Prœcardiidae.
All members of this family examined (e. g. different species of Cardiola, Dalila 

and Dualina) have the shells entirely altered, and there is no doubt that they con­
sisted originally of aragonite, the primary structure of which is quite obliterated.

Cardiidae.
The Cardinm shells are apparently all constructed after the same scheme and 

I have examined only a few species, C. edule and echinatum (recent) (pl. V, fig. 6), 
C. girondicum and C. Partchi (Miocene) and C. porulosum (Eocene). The radial cross 
sections very much resemble those of Lucina but on closer inspection it seen that 
the upper, apparently feathery, prismatic layer only forms a continuation of the 
crossed lamellar one and consists throughout of crossed lamellae. Their orientation 
is exceedingly complicated and it would seem that, in the ledges, near the surface, 
they possess a radiating direction.

The middle part of the shell is, as is usual, crossed lamellar with concen­
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trical lamellae; downwards these are vertically placed and rather regular hut upwards 
they are turned sharply towards the proximal side and often get very complicated 
and irregular.

The lower layer is of the same nature as in many other bivalves i. e. com­
plex crossed lamellar, alternating, in some instances with thin prismatic layers. In 
sections parallel to the surface this layer generally shows a spherolitic structure 
as shown in pl. V, fig. 7.

Ehrenbaum (p. 19 if.) gives a very thorough description and good drawings of the Car­
dinal shells to which the reader is referred. lie is the first to point out the common nature 
of the typical shell structure of the gastropods and the bivalves (the crossed lamellar struc­
ture). Cayeux, in his pl. 49, fig. 4 og 5, gives two photographs of Cardium edu/e which give a 
good impression of the great variability of this species; the lower, lamellar, layer of Cayeux 
is probably only the lower part of the crossed lamellar layer and not what is above called 
the lower layer.

Tridacnidae.
The shell of a Tridacna sp. (recent) has an especially simple construction con­

sisting only of one layer of crossed lamellae orientated concentrically. The lamellae 
are, as usual, almost vertical in the lower part and gradually strongly reclined 
upwards. They are rather coarse (ca. 0.05 mm.) and regular, the sections parallel to 
the surface of the shell showing only faint traces of the common rhomboidal figures.

De Bournon (p. 325) describes a “Camus gigantus” as consisting of two layers of which 
the upper one is lamellar while the lower one is “compact” and consists of several layers; 
it is possible that the species referred to, of which I have had no material at my disposal, 
has an under layer of the common, complex structure. Also Carpenter (1847, p. 100) mentions 
the shell of Tridacna but finds in it no organic structure but only one which he calls 
“corrugated” and which seems to be the lamellar structure as seen in a section parallel to 
the surface.

Cyrenidae.
As an example of this family I have examined the shell of the recent Cyrena 

sumatrana (pl. VI, fig. 4). It consists of two layers, an upper crossed lamellar one 
with rather fine, concentrical lamellae and, as usual, with the lamellae curved and 
reclined in the upper part. The lower layer is of the complex nature with alternating 
layers of the prismatic and the complex crossed lamellar kind.

Cyclas striatinum (recent) behaves essentially like this species. Its thin shells 
do not, however, permit of any exact survey. Furthermore the Oligocène form, Cyrena 
semistriata behaves in this way. In the other older forms examined the shells, how­
ever, behave in a somewhat different manner as the lower layer forms a gradual 
continuation of the upper one; downwards the lamellae get more and more indi­
stinct and the structure becomes almost perfectly homogeneous. There is no pos­
sibility, then, of determining the more exact nature of it. The Eocene forms Cyclas 
deperdita, Cyrena obovata and C. Gravisii belong to this group. The C. convexa (Oli­
gocène) forms a transition between the two groups, the lower part of the shell 
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being mostly homogeneous and interrupted by thin layers of the complex crossed 
lamellar substance.

Among the different Cyrenae from the Wealden I have not succeeded in finding 
any with the aragonite preserved.

Cyprinidae.
The members of this family examined by me fall into two groups. One of them 

shows a great similarity to the common type of the bivalves, the shells consisting 
of two layers, an upper one with crossed lamellae, as usually concentrically ar­
ranged and curved and reclined, and a lower one of the complex crossed lamellar 
structure. Cypricardia velicata (recent), C. oblonga (Eocene) and Cyprina Morrisii 
(Eocene) belong to this group. The last named form has the lamellae in their upper 
part orientated in nearly the same manner as the Cardium.

The other group has the least visible structure among all bivalves, the whole 
shell being almost perfectly homogeneous with the axes in the lower part normal, 
and upwards somewhat reclined. There are such small traces of other structures that 
it is not possible to tell if this group has any connection with the first one. In Cyprina 
islándica (recent) the homogeneousness is obscured, however, by the existence through­
out the whole mass of so many small grains that the extinction is in many places 
difficult to see; in the lower part of the shell, which is, perhaps, a representative 
of the common, complex structure, there are alternating layers of more transparent 
layers and finely grained ones. Most of the older Cyprinae examined are more per­
fectly homogeneous and transparent, thus C. rotundata (Oligocène) and C. Syssollae 
and C. mosquensis (both upper Jurassic).

A description of the shell of Cyprina islándica is given by Sorby who says (p. 62): “In 
C. i. we have another extreme case, in which the fibres perpendicular to the plane of growth 
are so short as to appear like granules, though the optic axes are still definitely oriented in 
the normal manner”. 1 have not been able, however, to detect this structure. Ehrenbaum 
(p. 15 if.) gives detailed descriptions and good figures of the shell in question.

Veneridae.
The shells of the Veneridae consist of two layers of which the lower one is 

generally perfectly homogeneous. There may, in some instances, be some irregularities, 
mostly in the form of traces of the complex structure; this is, however, always very 
indistinct.

The upper layer is rather variable, and there is a rather Per^ect transition 
between the different types :

1. The layer in question consists of crossed lamellae of the common, concen­
trical orientation; in radiating cross sections their orientation is almost normal to 
the surface of the shell. Downwards the lamellae pass gradually in to the homo­
geneous part of the shell, becoming more and more indistinct. Lucinopsis undata 
and Petricola pholadiforinis (both recent) possess this structure.
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2. The structure is similar to the foregoing one but the lamellae, if seen in the 
radiating cross section, are only vertical downwards, and upwards more and more 
reclined, getting perfectly horizontal in the uppermost part of the shell. Venus texta 
(Eocene), Cytherea multilamella (Miocene).

3. Similar to the foregoing group, but the lamellae, which are first vertical and 
upwards more and more reclined to almost horizontal, are again reclined in the 
uppermost part. Cytherea incrassata (pl. VI, fig. 2) (Miocene), Venus obliqua (Eocene).

4. This and the two following groups are, in the radiating cross sections, very 
similar to each other, showing the elements arranged in a feathery manner and 
diverging towards the distal side of the shell. The lines of growth, which are 
always orientated normally to the elements, get, of course, the form of more or 
less regular semi-circles with the convexity turned towards the margin of the shell. 
But the elements themselves are not alike in the three groups. The shells here in 
question consist still throughout in the whole upper layer of crossed lamellae. 
Cytherea sp. (pl. VI, fig. 3) (recent), C. pedemontana (Miocene), C. semisulcata and 
C. laevigata (Eocene) belong to this group.

5. The structure is rather complicated; the lower part of the upper layer still 
consists of crossed lamellae which, as usual, gradually pass into the underlying, 
homogeneous mass, but the horizontal and the upper, inclined elements consist of 
prisms, radially orientated, each prism, when distinctly seen, possessing a homo­
geneous structure with feathery arrangement of the crystal axes. Venus gallina (recent), 
V. plicata and V. concéntrica (Pliocene) belong to this group.

6. The shells of the genus Tapes, among which I have examined T. pullastra 
(pl. VI, figs. 1 and 5) and decussata (both recent) and T. gregaria (Miocene), gener­
ally deviate from the common type of the bivalves; there is no trace left of any 
crossed lamellar structure, and the whole upper layer is built up of prisms in a 
feathery arrangement. There is rather a sharp boundary between the two layers. 
The prisms of the upper layer are, as in the former group, homogeneous with the 
axes arranged in a feathery manner and diverging towards the margin of the shell.

Donacidae.
The genus Donax, of which I have examined the three species D. vittatus (recent) 

and I), affinis and D. transversus (Miocene) have the shells constructed in a manner 
much like the 5th group of the foregoing family. Three layers may be distinguished 
(p. VI, fig. 7), the upper one with a feathery prismatic structure, just like that of 
the last group of the Veneridae, and under that a crossed lamellar layer which has 
a distinct boundary towards the upper layer but passes gradually in to the lower 
layer which is also homogeneous here. The upper layer is, however, rather com­
plicated as there is, as also in some species of Venus, a system of internal radia­
ting ledges, as seen in pl. VII, íig. 1, each ledge possessing a perfect feathery 
structure.

D. K. I). Vidensk. Selsk. Skr., naturv. og mathem. Afd.,9. Række, 11,2. 37
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Tellinidae.
The shells of this family behave somewhat differently; the recent forms exa­

mined, Tellina baltica and calcaría, consist of two layers the upper of which is built 
up, in the common manner, of concentrical, crossed lamellae, (shown in a horizontal 
section in pl. VII, fig. 2), which, in the last named form, are rather coarse. The 
lower layer is of the complex type with alternating crossed lamellae and prismatic 
layers; here, too, the structure of T. calcaría is rather coarse. The crossed lamellae 
are seen in a horizontal section in pl. VII, fig. 3.

The shells of the Tertiary forms examined consist of three layers; the lowest 
layer is a homogeneous layer, which, however, in some places is replaced by a more 
complex structure. The middle layer consists of concentrical, crossed lamellae which 
downwards pass gradually into the homogeneous layer; the lamellae are strongly 
reclined. The upper layer, which is separated from the middle one by a sharp 
boundary, consists of radially arranged prisms which, in Tellina zonaria (Miocene) 
and T. ambigua (Eocene) are strongly reclined, forming, in radial cross sections, a 
continuation of the lamellae in the middle layer. In T. corneóla and Psammobia 
rudis (both Eocene) the structure is essentially the same but the prisms of the 
upper layer form, in radial cross sections, a feathery figure in the same manner 
as was found in the two foregoing families.

The only descriptions of the shell of Tellina which I have found, are by Ehrenbaum 
(p. 28) and by Carpenter (1847, p. 102); here two figures are given (16 and 17) which show 
the common appearance of the crossed lamellae.

Solenidae.
The shells of Solen, among which I have examined 5. ensis (recent), S. vagina 

(Miocene) and S. siliquaria (Eocene), consist of two layers the upper one of which 
is built up of concentrical, crossed lamellae which are very irregular, being some­
times exceedingly fine, in other instances rather coarse. The lower layer is of the 
complex type. The shell of Solecurtus strigulatus (Pliocene) possesses the same two 
layers but has still a thin, uppermost layer of radial, strongly reclined prisms the 
extinction of which is abnormal as the crystallographical axes are orientated in the 
radial plane but normally to the direction of the prisms.

Carpenter (1847, p. 105) gives descriptions and drawings of the shells in question but 
neither are easily understood as the orientation in relation to the shell is not stated. The straight 
prisms shown in fig. 43 must represent the crossed lamellae, and the stellular forms of fig. 42 
are presumably a section parallel to the surface of the complex layer.

Scrobiculariidae.
The shells of this family examined by me have an upper layer of crossed 

lamellae in the common, concentrical orientation and a lower one which may be 
homogeneous or complex. Scrobicularia plana and Syndosmya (both recent) belong 
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to this type, whereas Syndosmya cfr. prismática (Miocene), besides the named layers, 
possesses an uppermost one of lying, radial prisms with a feathery arrangement 
and anomalous extinction, just like the last named member of the foregoing family.

The only description of these shells, which I have found, is by Ehrenbaum (p. 26 and 
27) who mentions that the upper layer is built up of “Blättersysteme”; in the lower layer 
he finds “stalaktitenähnlich geformte Einlagerungen oder secundare Hohlenausfüllungen”. It 
is true that the complex layer may, in some instances, show figures like stalactites but I do 
not think it probable that there have been secondary alterations in the quite recent shell; 
and at all events I think it quite impossible to prove that such alterations have taken place.

Mesodesmidae.
The shell of Mesodesma corneum (recent) has a structure which is quite uniqe 

among the bivalves and bears more resemblance to that common to the gastropods. 
While the upper layer is built up of the common, concentrical, crossed lamellae, the 
lower layer possesses the same lamellae in the radial direction. The whole appearance 
of the lamellae, however, is that common to the bivalves and does not show the 
regularity which is so characteristic of the gastropods.

The shells of Ervilia pasilla and podolica (both Miocene) are of the more com­
mon type; the under layer is homogeneous, and the lipper one consists of concen­
trical, crossed lamels. The last named form (pl. VII, fig. 5) possesses an uppermost 
layer of strongly reclined or almost horizontal, radial prisms.

Mactridae.
The shells of this family are very differently constructed, and their only com­

mon feature is the crossed lamellar, concentrical layer. This is, however, in many 
instances rather irregular.

In some species of Mactra, as M. solida (Pliocene) and M. subtruncata (recent), 
the whole shell consists of this layer, while in M. laevis (recent) the structure is 
essentially the same but with very large irregularities, for while the lamellae in the 
upper and the lower part of the shell are concentrically arranged, they are, in some 
instances, turned round in the middle part of the shell, so as to obtain an al­
most radial direction.

The shell of M. semisulcata (Eocene) is, in the upper part, built up of the 
concentrical lamellae, while in the lower part it is mostly perfectly homogeneous. 
The shell of M. glabra (Eocene) has, between the same two layers, a thin prismatic 
layer, while in M. elliptica (Pliocene) the upper layer consists of crossed lamellæ and 
the lower one is of the complex kind.

The shells of Lutraria seem to be more complicated; in L. elliptica (recent) the 
uppermost layer is very irregularly prismatic with vertical prisms; under that we 
have the crossed lamellæ which are both upwards and downwards concentrically 
arranged but in the middle part turned round to a perfectly radial position. In the 
shell of L. sp. (Pilocene) we have upmost the prismatic layer under which there is 

37* 
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the crossed lamellar, concentrical layer, and under that we have a complex layer 
showing in sections parallel to the surface fine spherolitic figures (pl. VIII, fig. 4).

Carpenter (1847, p. 103) describes the shell of Mactra stultorum and gives a figure of 
its upper layer which seems to indicate the existence in that form of a prismatic layer of 
which there are in other forms only small traces. His figure (19) of Lutraria elliptica shows 
the common appearance of the crossed lamellæ as seen in sections parallel to the surface. 
Here as otherwise Carpenter describes this structure as consisting of fusiform cells cut 
obliquely.

Vlastidae.
The shells belonging to this old family have, of course, no aragonite pre­

served. The shell of Vlasta pulchra (Silurian) consists throughout of irregularly grained 
calcite from which we may conclude that it originally consisted of aragonite.

Grammysiidae.
This family behaves like the foregoing; in one instance, Grammysia exarata 

from Gothland, I found the shells totally altered into grained calcite.

Solenomyidae.
'fhe shell of Solenomya is built up in a very peculiar manner. It is traversed 

by vertical walls of some organic substance; these walls lie very close upwards, 
and downwards their distance is larger and they more and more often interrupted, 
until, in the undermost part of the shell, they entirely disappear. The shell substance 
between the walls is mostly of a homogeneous nature, having the elements arran­
ged in a feathery manner. In the undermost part it is perfectly homogeneous or 
indistinctly prismatic. In a recent S. sp. (pl. VII, fig. 6) the walls form more or less 
regular cells which may be polygonal or elongated in the radial direction, while in 
the Oligocène form S. Döderleini they are almost perfectly straigthlined and radial.

A description of Solenomya australis has been given by Carpenter (1847, p. 106); ttie 
shell is more or less distinctly prismatic.

Pleuromyidae.
Of this family I have found only a few members with the aragonite preserved, 

and as the state of preservation is not very good, the structure is rather indistinct. 
Pleuromya jurassi from the Callovian has mostly a complex structure of the shell, 
showing distinct spherolitic figures in sections parallel to the surface; in some places, 
however, there are traces of a crossed lamellar structure with the lamellae orien­
tated sometimes radially and sometimes concentrically. Gresslya Seebachi (Liassic) 
and G. Alduini (upper Jurassic) have partly a homogeneous and partly a very fine 
and irregular prismatic structure.
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Panopaeidae.
The recent members of this family examined by me (Panopaea norvegica, Saxicava 

árctico) have their shells constructed in a very similar manner which is, at the same 
time, rather simple. The upper layer is homogeneous, in its upper part it contains 
innumerable small grains of all possible orientations, the under part shows a faint 
and indistinct, fine prismatic structure. The lower layer is coarsely and generally 
irregularly prismatic.

The Oligocène forms, Panopaea Meynardi and Héberti, stand a little apart, 
having a more complex structure; the last named form has a lower layer of very 
irregular and indistinct, crossed lamellæ.

The shell of Arcomya elongata (Liassic) has a lower layer of a nacreous 
substance; the state of preservation does not permit examination of the upper layer.

Pholadomgidae.
The shells of Pholadomya are very differently constructed. P. cuneata from the 

Thanet sands has a very complicated structure which must, however, in most in­
stances he designated as complex crossed lamellar; in sections parallel to the surface 
we see fine spherolitic forms.

Other members of the family, as P. decorata (Liassic), P. margaritacea from 
the London Clay, and P. Pnschi (Oligocène) have a nacreous structure which extends 
almost throughout the whole shell; only in a thin upper layer there is a more com­
plicated structure.

Anatinidae.
The shells of Anatina sp. and of Pandora inaequivaluis (both recent) mainly 

consist of a nacreous substance possessing, however, both upper and lower layers 
of a fine prismatic structure. The shells of Thracia papyracea and T. villosiuscula 
(both recent) and of T. ventricosa (Miocene) only possess the nacreous substance 
in a small part of the shell next to the hinge; otherwise they are irregularly pris­
matic or complex crossed lamellar.

A. Kelly (p. 52) states that the shell of Pandorina consists of a nacreous substance with 
an upper layer of fine prisms which she has proved to consist of conchite (aragonite). Car­
penter (1844, p. 10) describes the upper layers of different forms of the family in question 
as showing a cellular structure (fig. 15) without any distinct cell-membrane. In the paper of 
1847 (pp. 104—5) he gives more detailed descriptions of these shells to which the reader is 
referred. Besides the genera named he mentions the Myodora striata and Lyonsia sp. as having 
a nacreous consistency with an upper prismatic layer.

Myidae.
The shells of Mya consist of three layers, an upper one, homogeneous and at 

the same time fine grained, forming the relatively intransparent part of the shell. 
Under that we have a layer consisting of concentrical crossed lamels. This layer is 
very insignificant in M. truncata (recent) while, in M. arenaria (recent), it is a little 
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thicker, and in M. californica (recent) it constitutes the main mass of the shell. The 
lower layer is always of the complex kind.

The genera Corbula and Corbulomya in so far differ from Mya that the upper, 
homogeneous layer is wanting or very insignificant, and the shells consist, of course, 
only of two layers, of which the upper one is crossed lamellar with concentrical 
lamellæ; these are mostly strongly reclined upwards, and in Corbulomya complanata 
(Eocene) they get perfectly horizontal and thereafter inclined, thus producing, in the 
radial section, a feathery structure. The lower layer is somewhat different; in Cor- 
bula gibba (recent), C. carinata (Oligocène) and C. rugosa (Eocene) it is of the com­
plex kind, whereas in C. subpisum (Oligocène), C. gallica (Eocene), C. concéntrica 
(Gault) and in the Corbulomya it is perfectly homogeneous.

It is characteristic of the shells of this family that the different layers are more 
loosely bound together than otherwhere. In the fresh shell they part easily from 
each other and in many of the fossil Corbulae they are quite loose so as to make it 
appear as if there were two shells accidentally placed one in side the other.

Carpenter (p. 103) gives detailed descriptions, accompanied by many figures, of the shell 
of Mya; it is, however, not easily seen what is shown by these, and I have found nothing 
similar to the difierent forms of “cells” drawn, especially in the upper, homogeneous layer. 
Also his description of Corbula (p. 104) is not easily understood. The description given by 
Ehrenbaum (p. 29 ft'.) of the shells of Corbula and Mya in all essentials agrees with those 
given above. I dont believe, however, that it is possible to show, in the shell of Mya, any layer 
of radial, crossed lamellæ. These are, on the whole, exceedingly rare among the bivalves.

Gastrochaenidae.
I have only examined the shell of a recent Gastrochaena, which consists of 

two layers, an upper, thinner, irregularly grained one, and a lower one composed 
of concentrical, crossed lamellæ. I have had no tube of these animals at disposal, 
but Miss Kelly (p. 33) describes it as consisting of aragonite (conchite).

Clauagellidae.
Of this family 1 have only examined an Aspergillum sp. (recent). Both the shell 

and the tube consist of aragonite; the tube is prismatic with rather regularly formed 
prisms and an almost normal extinction. In the shell proper we have the same 
structure alternating with other layers which are very indistinctly prismatic or per­
fectly homogeneous.

Pholadidae.
The shell of Zirphaea crispata (recent) has a very irregular structure, the differ- 

rent parts of the shell being differently constructed. Three layers may, however, 
commonly be distinguished : an upper one which is mostly homogeneous with 
many small grains of diverging orientation; in other places it may be more coarse­
grained. The middle layer is crossed lamellated with concentrical lamellæ; the type 
of these, when seen in horizontal sections, it highly different. The commonest are 
the rhomboidal figures which are typical of most bivalves though they are never so 
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regular as here (pl. VII, lig. 7); in other places there may be seen more rectilinear 
or other forms of boundaries. The lower layer is homogeneous in some places, in 
others complex. The shells of Gastrochcena dubia and P. candida (both recent) pos­
sess similar structures.

The thin shells of Teredo and Teredina are still more irregularly constructed. 
Most of the shell is crossed lamellar but the lamellæ are sometimes concentrical 
and sometimes radial. There is no distinct lower layer but generally there is an 
upper one which is homogeneous or irregularly grained.

The tube of Teredo consists of calcite whereas that of Teredina personata (Eocene) 
consists of aragonite. The common rule seems to be that in those animals which 
have their tubes and shells grown together, as we have seen it in Aspergillum and 
Teredina, the aragonitic consistency of the shell has in some peculiar way the 
effect that the tube is built up of the same material whereas in the Teredo, where 
both are not closely connected, no such influence takes place.

The structure of the tubes is always rather irregular, prismatic. Although 
the regularity of the elements is no greater than in most inorganic deposits of car­
bonate of lime, every species examined possesses a special type of structure which 
may, in most instances, be distinguished from that of other species. The prisms of 
Teredina personata are thin and rather regular, the extinction is mostly normal, 
but there are some few individuals with strongly diverging axes. In that part of the 
lube which is in close connection with the shell the extinction of the prisms is 
distinctly the same as that of the two individuals of the crossed lamellæ. Among 
the tubes of Teredo we find all possible variations, some consisting of fine prisms 
and others of coarser ones; sometimes the prisms may be as broad as long and 
bounded by very peculiar angular lines consisting of alternating horizontal and 
vertical elements. The extinction may, in some species, be very regular, normal, in 
others almost quite irregular, the vertical orientation being only slightly more 
common than the horizontal one. A thinner, upper layer of the tube is almost al­
ways very finely prismatic or grained.

Already in Gray we find a description of the prismatic structure of a large Teredo 
from Sumatra. Carpenter (1847, p. 106) compares the structure of Septaria gigantea with that 
of a Belemnites; the more irregular form of the first-named is ascribed to the action of “cal- 
cigerous cells” in opposition to the “crystalline action” by which the spine of the Belemnites 
is supposed to be formed. Sorby (p. 58), on the contrary, concludes from the irregular form 
of the prisms that there is “no trace of true organic structure”. Miss Kelly is the first to 
point out the different natures of the shell and the tube of Teredo.

It will be obvious from the foregoing description of the individual families 
that there is very great variation as to the structure of the shell in the group of 
the Anisomyaria, and it will be very difficult to give any clear exposition of the 
characters. True, some families are rather uniform, but others belong to several 
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different types, in such a way that we do not get the impression that the structure, 
in such cases, can have any systematical value. If we would, in such instances, 
investigate still more species, we should probably find new structures. In the fol­
lowing table I have tried to give a summary of the results obtained, omitting many 
doubtful or exceptional examples. For many characteristic features of the structures 
the reader is referred to the foregoing descriptions.

The most striking feature, in opposition to the Anisomyaria, is the rarity of 
original calcite in the shell. I have not succeeded in tinding any recent shell con­
taining this mineral, and only in a few families, such as the Chamidae, the Capri- 
nidae, the Rudistae and the Conocardiidae, has it been found in the fossil members. 
The calcite is always prismatic but very variably constructed.

The aragonite seems to have been wanting in no members of this group 
although, in many of the older forms, it is totally altered into the irregularly 
grained calcite. It is, in such instances, generally quite impossible to state anything 
about the original structure of the shell. In the following table I have omitted 
such families of which I have had so few or such badly preserved representatives at 
my disposal that I have not been able to obtain any certain impression of what 
may be the typical structure. For these families, such as the Erycinidea, the Tan- 
crediidae, the Tridacnidae, the Solenomyidae, the Pleuromyidae, the Gastrochaenidae 
and the Clavagellidae, the reader is referred to the foregoing descriptions. For the 
more thoroughly examined families the following scheme may be given:

Megalodontidae homogeneous-prismatic + complex

Nuculidae horizontal prisms + nacreous 
or: crossed lamellar 
or: homogeneous-prismatic

Arcidae
Nayadidae 
Trigoniidae 
Astartidae 
Crassatellidae

crossed lamellar + complex
downwards complex prismatic + nacreous 
upwards complex prismatic + nacreous 
crossed lamellar + prismatic
crossed lamellar + homogeneous

Chamidae (Chama) crossed lamellar + complex
Isocardiidae homogeneous + crossed lamellar + complex

Lucinidae 
Cardiidae 
Cyrenidae 
Cyprinidae

horizontal prisms + crossed lamellar + complex 
crossed lamellar + complex or homogeneous 
crossed lamellar + complex or homogeneous 
crossed lamellar + complex or homogeneous 

or: homogeneous
Veneridae crossed lamellar + homogeneous

or: horizontal prisms 4- crossed lamellar + homogeneous 
or: horizontal prisms + homogeneous

Donacidae horizontal prisms + crossed lamellar + homogeneous
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Scrobiciilariidae crossed lamellar + homogeneous or complex

Tellinidae crossed lamellar 4- complex
or: horizontal prisms 4- crossed lamellar 4- homogeneous

Solenidae crossed lamellar 4- complex

Pholadomyidae prismatic or complex

Mesodesmidae crossed lamellar 4~ radially crossed lamellar 
or: crossed lamellar 4* homogeneous

Mactridae crossed lamellar
or: crossed lamellar 4~ prismatic or homogeneous or com­

plex
Panopaeidae homogeneous 4- prismatic (sometimes nacreous)

Anatinidae
Myidae

Pholadidae

or: complex + nacreous 
prismatic + nacreous + prismatic 
homogeneous + crossed lamellar + complex

or: crossed lamellar 4- complex 
homogeneous + crossed lamellar 4 homogeneous or 
complex

As will be seen from the scheme, the crossed lamellar structure is the most 
common of all. Of the 25 families described it is found in all members examined in 
16 instances, while in three families only some members possess this structure and 
6 families are quite without it. The lamellae are always orientated in the concen­
trical direction, and only in the Mesodesmidae have I found radial lamellæ as a special 
layer, while in some other families there may be subordinate parts of the lamellar 
layer which have a more or less indistinct radial arrangement. The type of lamellæ 
is mostly that which I have formerly described as characteristic of the bivalves; 
the rhomboidal figures are most regular in the last families, especially in the Myidae, 
while in the first families they are more indistinct. When seen in radial cross sec­
tions the lamellæ are highly different as they are only in few instances straight- 
lined and either vertical or faintly reclined, but in most instances curved in such 
a manner that they begin downwards as vertical and then afterwards get more 
and more reclined and at last horizontal. In some instances we have an upper­
most part which is either reclined or inclined whereby a feathery arrangement of 
the elements is produced. Sometimes the upper part of the layer is extremely 
irregularly constructed.

Only in a few instances (some Nuculidae and Mactridae) does the said, crossed 
lamellar layer form the whole shell. Most commonly wre have an upper or a 
lower layer or both. The upper layer is of two essentially different kinds, either 
homogeneous, sometimes weakly prismatic, or consisting of horizontal prisms which 
are always orientated in a nearly radial direction, though rather differently arran­
ged. Sometimes (some Lucinidae and Tellinidae) we have almost straight-lined and 
parallel prisms, horizontal, or almost horizontal, in other instances they are

D. K. D. Vidensk. Selsk. Skr., naturv. ogmathem. Afd., 9, Række, II, 2. 38
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arranged in such a manner that, in radial cross sections, they show a feathery 
structure with the elements diverging towards the margin of the shell. Two types 
may here be distinguished: sometimes all the prisms are still lying in the radial 
plane in such a manner that, in sections parallel to the surface of the shell, they 
are all parallel (some Venerzrfae, Donacidae and Tellinidae), or, in the last named 
sections we also see a feathery structure (some Nnculidae, Lucinidae and Donacidae). 
Such shells always possess radial ledges, either on the surface or in some deeper 
lying part of the shell, and their structure may be described as composite prismatic 
(prisms in prisms). The single prisms of the second order may possess a parallel 
extinction or may be homogeneous with a feathery arrangement of the axes.

The layer under the lamellar one is mostly of the kind which I have called 
complex and which, in most instances, consists of alternating layers of complex 
crossed lamellar and prismatic structures, both of very variable types. In many in­
stances we have, instead of this structure, the homogeneous one which, however, 
is connected with the former one by all possible transitions where there are traces 
of the complex structure of such small dimensions that it can hardly be recognized. 
In some instances we have both the named structures in the same shell in such 
a way that some parts are rather coarsely complex while others are more or 
less perfectly homogeneous. More rarely the lower layer of the shell is purely pris­
matic, which structure we find very pronounced in the Astartidae and more subor­
dinate in the Mactridae.

The shells without the crossed lamellar structure may be divided into two 
groups one of which is characterized by the existence of a nacreous layer, which, 
in the bivalves, is never found in the same shell as the crossed lamellar one, while 
the other group has no such layer. The nacreous layer is almost always the under­
most one, and only in the shells of the Anatinidae do we find an insignificant pris­
matic layer under it; the layer above the nacreous one is in most instances (Naya- 
didae, Trigoniidae and Anatinidae) normally prismatic, consisting of vertical or 
nearly vertical prisms which, however, are mostly of a complex kind. Only some 
of the Nnculidae possess an upper layer of horizontal, radiating prisms with a feathery 
arrangement, while, in the Pholadomyidae, we find an upper layer which may be 
designated as complex.

The bivalves which possess neither a crossed lamellar nor a nacreous layer 
may be rather differently constructed. The simplest is the building of some Cyprini- 
dae and Pholadomgidae where the structure is homogeneous throughout, while, in 
other instances, as in some Nnculidae and Pholadomgidae, it is of a very similar 
kind, possessing only an indistinct prismatic structure. In other cases we find 
two distinct layers, as in the Panopaeidae where we have an upper homogeneous 
and a lower prismatic layer, in the Megalodontidae with an upper homogeneous 
or indistinctly prismatic and a lower complex layer and in some Veneridae 
(Tapes) with an upper layer consisting of horizontal prisms and a lower homo­
geneous one.
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II. Class. Schaphopoda.
The shells of these animals seem to he constructed in a very uniform manner. 

There are, in most instances, insignificant upper and lower layers of a very indis­
tinct structure, either homogeneous or finely prismatic or of a more complex kind, 
but the main part of the shell is built up of crossed lamellæ in a concentrical direc­
tion, normal to the axis of the tube. The most characteristic feature is that the 
appearance of the lamellæ is quite the same as that of the bivalves; in the radiating 
section they are rather regular, whereas in the section parallel to the surface they show 
the peculiar rhomboidal figures found in most bivalves. As examples I have exam­
ined Antalis entalis and other recent forms, Dentalium Bouei (Miocene) (pl. VIII, 
figs. 1—3), D. rugiferum (Paleocene) and D. decussatum (Gault). D. Parkinsoni (middle 
Jurassic) is totally altered into calcite but there are distinct traces of the original structure.

Cayeux (p. 484 and pl. 50) describes two different species of Dentalium. Of these the 
one (fig. 6) has the common crossed lainellæ whereas the other (fig. 5) lias a foliated structure 
with the folia parallel to the surface. This must represent the lower layer in a complex form 
and similarly developed as in D. rugiferum.

III. Class. Amphineura.
There are certainly no other shells which possess such a complicated structure as 

those of Chiton. Not only are there rather large differences between the single spe­
cies but in the same shell the different parts are highly variable. It will, therefore, 
be almost impossible to give any exact description of these shells but I shall point 
out the most characteristic features of one of the larger, recent forms, as the other 
forms examined seem to contain only modifications of the same elements. There 
may, in the Chiton in question, be discerned 5 elements which are never found all 
in the same place but arranged in such a manner that sometimes one of them 
is dominant and sometimes another. They may, however, be arranged in the fol­
lowing order which will always hold good in such places where two or more of 
them are found in the same part of the shell.

a. The upmost, dark coloured layer is, in opposition to all the following, found 
over the whole shell; it is porous, traversed by numerous, rather large holes or 
channels (pl. VIII, fig. 4). The orientation of the elements is very complicated.

b. Under that layer there is, in some places, a more uniform layer of homo­
geneous or indistinctly prismatic structure.

c. Under layer b or, in some instances, directly under layer a there, is a very 
complicated layer, found mostly in the outer parts of the shell, near the margin. 
It consists of rather broad, vertical lamellæ, orientated in the transverse direction 
(in relation to the whole animal but longitudinally in relation to the single shell). 
The lamellæ are divided into smaller parts by irregular walls, which generally 
makes the orientation of the elements very complicated (pl. VIII, fig. 4). In some 
instances, however, we find in sections parallel to the surface a rather regular, 
feathery arrangement in the single lamel.

38
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d. Under the foregoing layers we find, in some places, a series of subordinate 
layers among which some consist of crossed lamellæ either in the longitudinal or 
in the transverse direction, while others seem to be indistinctly prismatic.

e. The undermost layer, which is especially developed in the middle part of 
the shell (near the axis of the animal), is certainly the most important of all and 
makes up half or more of the whole. It is very uniform, consisting of crossed 
lamellæ in the transverse direction. Although the fundamental angles are the same 
as in most mollusks the habitus of the lamellæ is quite unique. They are very 
regular and rectilinear, but they differ from those of other mollusks by being very 
fine (pl. VIII, fig. 5). In some of the larger species the thickness of the single lamel 
is almost 0.005 mm, and in the smaller forms they are so fine that they are hardly 
discernible. In sections parallel to the lamellæ (in the transverse sections) the two 
systems of crossed lamellæ of the 2nd order are, however, always distinctly seen.

A short description of the shell of Chiton is given by Carpenter (1847, p. 114). Cornish 
and Kendall were the first to determine the shells as consisting of aragonite.

IV. Class. Gastropoda.
Very little can be said in general about the shells of these animals as there 

is a very great difference between the different groups. The Aspidobranchina have 
very variable structures among which the nacreous one is rather common, and the 
Cyclobranchina possess their special, peculiar structure. On the other hand the Cteno- 
branchina, the Opistobranchia and the Pulmonata are essentially alike and possess 
a very uniform structure. The Heteropoda, the Pteropoda, the Tentaculidae and the 
Conulariidae stand apart, their shells showing no affinity to those of the other 
gastropods.

As to the occurrence of calcite all gastropods are essentially alike and differ 
very much from the bivalves. The calcite must be said to be a rather accidental 
element and is not, as in the bivalves, connected to any of the main groups. A 
shell consisting entirely of calcite is found only in the Tentaculites and, perhaps, in 
a single form among the Bellerophontidae. Otherwise calcite only forms the upper 
layer of the shell, and we find the mineral in a great number of families in the 
large group of the Prosobranchia. In some instances most members of a family may 
possess the said layer while, in others, it may occur quite unexpectedly in one or 
a few members of a genus which otherwise consists entirely of aragonite. Con­
nected with this accidental occurrence is the structure of the calcite which is gener­
ally very irregularly prismatic, much resembling an inorganic sinter formation. It 
must be pointed out, however, that all individuals of the same species are always 
alike, and for the strength of the shell the calcite mostly plays a great role, as 
the calcitic layer is generally rather thick, while the aragonitic part of the shell in 
such instances is correspondingly reduced in thickness. There are, however, other 



69 299

shells which possess only a very insignificant layer of calcite. Only in a few fami­
lies, in which the calcitic layer is universal or almost universal, as in the Neritidae 
and especially in the Patellidae, the calcite assumes more regular and characteristic 
structures.

As to the gastropods from the older periods it will, of course, he very diffi­
cult, or almost impossible, to ascertain if they have originally possessed a calcitic 
layer as the structure of that layer is not very different from that of the later 
formed calcite. If, in the upper part of the shell, we find a uniform structure, 
more or less indistinctly prismatic and recurring in all individuals, we may con­
clude that we have here an original calcite.

A. Order. Prosobranchiá.
In accordance with what was said above, there is no property common to the 

three divisions of this order, with the exception of the one that we may here 
accidentally find a calcitic, upper layer in the shell which is always wanting in 
the Opistibranchia and Pulmonata.

1. Suborder. Aspidobranchina.
This is the most variable division of the gastropods, and there can be said 

nothing in general about the structure of the shells with the exception of the nega­
tive statement that here we never find the very uniform structure which is so 
characteristic of the three last groups of the gastropods. The most characteristic 
feature is the common occurrence of a nacreous layer, but there are many families 
in which this layer does not exist.

Bellerophontidae.
The shells of the members of this old family almost always consist of quite 

irregularly grained calcite, showing that they originally consisted of aragonite. 
The only exception is a Bellerophon from the Ordovician of Bornholm, the shell 
of which consists throughout of a peculiar, foliated calcite possessing a characteris­
tic micaceous lustre. The axes are somewhat irregularly orientated though mostly 
normal to the foliae. Without doubt we have here the original structure, and it is 
easily seen that this layer has constituted the whole shell (pl. VIII, fig. 6).

Pleurotomariidae.
The Palaeozoic and most of the Mesozoic forms have their shells totally altered 

and no trace of original calcite is ever seen. Some of the Mesozoic forms have 
still retained their aragonite which is always nacreous, and more rarely we also 
find an upper layer which is homogeneously prismatic.
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Fissurellidae.
The most characteristic feature of the shells of this family is that they always 

possess a crossed lamellar layer with concentrical lamellæ, and in most instances 
that layer forms the whole shell. The upper part of the layer is generally very irre­
gular because of the sculpture of the surface of the shell; in a few instances, how­
ever, we find a feathery arrangement of the lamellæ, as in some bivalves. The 
lamellæ. if seen in the radial section, are generally strongly reclined or at the same 
time curved. The lamellæ behave most peculiarly in the lower part of the shell, 
where they generally get essentially broader than in their upper part, and at the 
same time they gradually obtain a more horizontal orientation, the two sets of 
lamellæ crossing each other at a very acute angle. This transformation is most 
pronounced in the genus Subemarginula (pl. IX, fig. 1) but the other genera, Fissu- 
rella, Emarginula, Puncturella and Scutum, show the same phenomenon. The flat-lying, 
broad and irregular lamellæ are distinctly seen with the naked eye on the under side 
of the shell. Sometimes we find, in the proximal part of the shell, next to the apex, 
a complex layer under the lamellar one, very much resembling that of many bivalves.

An upper, calcitic layer is only found in one species (out of eight examined), 
the recent form Fissurella crassa. This layer is thick and of a dark brown colour 
differing highly from the while aragonitic substance. With the naked eye it looks 
(fuite irregularly and rather coarsely grained, but in sections we see that both the 
prism axes and the optic axes have generally a horizontal orientation in the radial 
direction.

Haliotidae.
The shells of Haliotis (pl. IX, fig. 2) are rather uniform in so far as they 

have all a lower nacreous layer with a very fine lustre and an upper homogeneous 
layer which, however, is so filled up by small grains with diverging orientation 
that the homogeneous fundamental mass is only seen in the very thinnest sections.

The most peculiar feature of these shells is that they possess, in some in­
stances, a calcitic layer inserted between the two aragonitic ones. The boundaries 
of that layer are always very irregular, and it may, in some places, be interrupted. 
It looks as if the two aragonitic layers had been torn away from each other and the 
cavity afterwards filled out by calcite, but such a formation must be considered 
impossible in the quite fresh shell. The calcite has a rather regularly prismatic 
structure with horizontal, radial prisms (pl. IX, fig. 3) and their extinction is rather 
regular and normal. As to lhe extension of this layer the different species are very 
variable. In Haliotis ficiformis we find it in the larger part of the shell, and it is 
wanting only in the proximal part; in another H. it is found only in the most distal 
part, next to the edge, while in H. tuberculata there are only a few small spots of 
calcite and in H. pulcherrima none at all.

A description of the shell of Haliotis has been given by Carpenter (1847, p. 115). I 
must confine myself to a reference to this description as I have not been able to find the 
horny plates mentioned or the different forms of “cells” described and drawn.
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Eiiomphalidae.
In the shells of this old family the aragonite is, of course, never preserved but 

it seems to have existed originally. In most members examined by me there is a 
prismatic layer which is sometimes rather regular and which indicates that the shell, 
in such instances, must have possessed an upper, calcitic layer.

Stomatiidae.
The shell of Stomatella imbricata possesses two layers of which the undermost 

one is nacreous while the upper one is homogeneous and finely and indistinctly 
prismatic. The shell of Stomatia picta seems to be constructed in a similar manner.

Turbinidae.
Of the genus Turbo 1 have examined several recent and Tertiary species and 

found them very much alike: the lower layer is nacreous and the upper one homo­
geneous and at the same time irregularly prismatic or grained (pl. IX, fig. 4).

Of T. Parkinsoni (Miocene) I have examined the operculum which consists, like 
the shell itself, of aragonite; the structure is very regularly composite prismatic. The 
prisms of the 1st order are coarse (up to 1/2 mm broad), those of the 2nd order are 
very line and arranged in a feathery manner.

The structure of T. has been described by Gray (p. 795) and by Carpenter (1847, p. 116). 

Phasiauellidae.
The shells belonging to this family have a rather complicated structure although 

the ground type must be said to be the same in all members examined. In Phasia- 
nella bulloides (recent) we find three distinct layers (pl. IX, fig. 5) which, however, are 
separated from each other by subordinate intermediate layers of different kinds. The 
upper layer is of a complex prismatic kind, while the middle one consists of concentri­
cal, crossed lamellæ which, as seen in longitudinal sections, show a very peculiar aspect, 
being, with sharp angles, alternately inclined, vertical, reclined and again inclined. 
The undermost layer possesses a very complicated structure which, in the longi­
tudinal section, generally seems to be prismatic.

Different Tertiary species of P. examined by me were rather small and their 
structure was not very distinct. They contain, however, the same three layers, the 
crossed lamellar one in most instances constituting the larger part of the shell. It 
is mostly somewhat more regular than in the shell of P. bulloides, the lamellæ being 
vertical in the lower part and upwards reclined.

Delphinulidae.
The shells of Delphinula behave in a somewhat different manner. Most com­

monly there is an upper layer which is irregularly prismatic and a lower, thick 
nacreous, one, and then there is, in some places, an undermost, very subordinate 
layer of a homogeneous kind. The recent species, D. distorta, the Miocene D. scobina, 
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and the Eocene species, I). Jouannettii, D. Lima, D. striata and D. calcar all possess 
this structure.

As most of the fossil forms are rather small the entire structure is not easily 
ascertained, it is certain, however, that some of them differ essentially from the above 
named. D. callifera (Eocene) has the rare combination of an upper layer consisting 
of crossed lamellæ and a lower, nacreous one, while in D. marginata (Eocene) we 
find no distinct nacreous layer but an upper one with transverse, crossed lamellæ, 
while a thin, lower layer possesses these lamellæ in longitudinal orientation, which 
is, otherwise, very rare in this group of the gastropods.

Trochonematidae.
Of this family I have only had members of the Genus Cyclonema at my dis­

posal, and there is, of course, no aragonite left in these very old shells. As to the 
structure of the calcite they behave very differently. Some, as C. cancellation and 
C. carinatum, are quite irregularly grained and have probably possessed no original 
calcitic layer; C. delicatulum has a rather irregular prismatic layer, the prisms being 
bent in such a characteristic manner that we must assume that they form an ori­
ginal layer. Still more regular is the layer in C. bilex and C. ventricosum; the prisms 
are vertical and their optic axes are so nearly parallel that the layer is not far 
from being quite homogeneous.

Trochidae.
As to the shell structure this family is very uniform. There is an upper layer 

of a homogeneously prismatic kind; the prisms are mostly fine and regular, in 
some instances more irregularly arranged and sometimes coarser and composite. 
The under layer always is nacreous, and there may, in some instances, be found 
a very subordinate, homogeneous or irregularly constructed undermost layer.

Tullberg (p. 42) describes the shell of some exotic species of Trochas-, he compares it 
with the sliell of Buccinum undatum, and the uppermost layer may certainly be said to be 
similarly constructed in both forms. But I do not believe that we shall be able to find any 
layers in a Trochus corresponding to the second and third (crossed lamellar) layers of B., 
and the similarity between the nacreous layer of T. and the fourth (equally crossed lamellar) 
layer of B. cannot be said to be very obvious.

Xenophoridae.
The shells of this family very much resemble those of the main part of the 

gastropods, as they are built up of alternating layers of transverse and longitudinal, 
crossed lamels. Because of the irregular form of the shells there are great variations 
in the distribution of these layers in the different parts of the same shell, and while, 
in some places, we find only one, transverse layer, several alternating layers may 
be seen in other places. The most typical structure, however, shows two layers, an 
upper one with transverse lamellæ and a lower one with longitudinal lamellæ. As to 
the aspect of the lamellæ, when seen in horizontal sections, it is nearly that which
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is typical of the main part of the gastropods, the lamellæ being rather regular and 
straight-lined (pl. IX, fig. 6).

Umboniidae.
In Umbonium oestarium, which is the only member of the family which I have 

had occasion to examine, the shell consists of three layers. The upper one is built 
up of transverse, crossed lamellæ which, in horizontal sections, have an aspect like 
moire, seen similarly in many bivalves. The middle layer is strongly nacreous and 
a rather insignificant, lower layer is more or less homogeneous. The callus of the 
same shell possesses a very indistinct, crossed lamellar structure.

While, in the handbooks of Cossmann and Fischer, the shell of U. is described as na­
creous it is stated in the handbooks of Zittel, as characteristic of the whole family that 
the shell is without any nacreous layer. I think that there must be some mistake here.

Neritopsidae.
The shell of Neritopsis moniliformis (Miocene), the only member of this family 

examined by me, consists almost throughout of transverse, crossed lamellæ which 
are strongly reclined (at an angle of almost 45°). In the upper, strongly granulated 
part of the shell the lamellæ get very irregular, and here there is a special, sub­
ordinate layer consisting of thin, longitudinal prisms.

Neritidae.
The Neritidae possess some of the best characterized shells among all gastro­

pods and cannot be confounded with any other families. An upper calcitic layer is 
never wanting, and as the characteristic colouring of these shells has its place in 
that layer, we can understand the well known feature that most of the fossil Neri­
tidae still retain their original colour.

Only in one species out of many examined by me have I found no calcite, in 
Nerita tricarinata from the Eocene; but as the surface of the shells is very rough 
it is probable that the calcitic layer has fallen off. Lamarck, in his description of 
that species (vol. 6, p. 551) says that in certain individuals he still found the colouring 
intact and we may conclude, from this that these individuals possess the said layer.

The structure of the calcite may be designated as very irregularly prismatic; the 
prisms, however, do not resemble those of other gastropods as they are mostly 
very fine and undulating in a peculiar manner. The most characteristic feature is their 
orientation as they are placed in the longitudinal plane and are either horizontal or 
strongly reclined (pl. X, fig. 1), and still more peculiar is the orientation of the optic 
axes which are certainty somewhat irregular but mostly, however, horizontal, in 
the transverse direction, standing, of course, normal to the direction of the prisms.

As to the thickness of the calcitic layer there is a marked difference between 
the main genera of the family. Most Neritae have a thick layer (pl. X, fig. 1) which 
constitutes almost half of the mass of the shell or still more, and the thickness of 
which may rise to more that 1 mm. This holds good of the recent forms A7, polita,

D. K. I). Vidensk. Selsk. Skr., naturv. ogmathem. Afd., 9. Række, 11,2. 39 



304 74

N. yoldii, N. plicata and N. albicilla and of the Miocene form N. Plutonis. Only in 
N. (Semineritinai) mammaria do we find a very thin layer.

The genus Velates has an essentially thinner calcite ranging up to almost 0.1 mm 
in thickness (V. conoideus from the FSocene).

In the shell of Neritina the calcite is always exceedingly thin (pl. IX, fig. 7), 
constituting only a small percentage of the mass of the shell and having generally 
a thickness of 0.01—0.03 mm. The single prisms are, however, coarser than in the 
shell of Nerita as there is only one layer of prisms; the orientation is the same. It 
is worth noting that we find forms among the Neritinae, which live in perfectly 
fresh water, as it is otherwise an absolute rule, not alone among the mollusks but 
also among all other shell-bearing animals, as far as I know, that there does not 
exist calcite in the shells of fresh water or land animals. Of this genus I have 
examined a great number of species which have all essentially the same structure: 
the recent forms N. fluviatilis, Philippinarum, concava and virgínea, the Miocene 
N. expansa and the Oligocène and Eocene N. picta, vicina, Duchasteli, pisiformis, 
globulus and Saincenyensis.

The aragonitic part of the shell mainly consists of transverse, crossed lamellæ 
which, in radial sections, are either vertical or more or less reclined (pl. IX, fig. 7, 
and pl. X, fig. 1). In horizontal sections they may be more or less irregular, mostly, 
however, especially in the shell of Nerita, they are very regular and straight-lined. 
Only in one instance, Neritina Philippinarum, is there a distinct layer of longi­
tudinal, crossed lamellæ above the concentrical one.

Most Neritae have a special lower layer of the complex crossed lamellar type 
(pl. X, fig. 1) which is so common among the bivalves. In the Neritinae this layer 
is generally wanting or is exceedingly thin and indistinct.

Among the Mesozoic members of the family I have only examined the Nerita 
subrugosa from the Senonian. The aragonite is not preserved, but there is a cal­
citic layer possessing the common structure.

It will be seen that the structure of the aspidobranchine gastropods is very 
variable, and the different families have certainly no character in common unless 
it is some quite negative ones. The following table will give a summary of the 
typical structures, some more exceptional forms being here, as elsewhere, omitted 
for the sake of clearness.

As to the occurrence of calcite there is only one form (among the Pellerophon- 
tidae) which seems to have possessed a shell consisting exclusively of that mineral. 
With that exception it only constitutes part of the shell. Out of 15 families examined 
by me calcite has been found in the 5; it is universal in the Neritidae, common 
in the Haliotidae, Euomphalidae and rare in the Fissurellidae. In the Haliotidae the 
calcite, contrary to all that is known elsewhere, forms an intermediate layer which 
is only found in parts of the shell.

The structure of the aragonitic part of the shell is seen from the following scheme.
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Pleurotomariidae homogeneously-prismatic + nacreous
Fissur ellidae crossed lamellar

or: crossed lamellar + complex
Haliotidae homogeneously-grained + nacreous
Stomatidae homogeneously-prismatic + nacreous
Turbinidae homogeneously-prismatic + nacreous
Phasianellidae complex prismatic + crossed lamellar + prismatic
Delphinnlidae complex prismatic + nacreous + homogeneous

or: crossed lamellar + nacreous
or: crossed lamellar + longitudinally crossed lamellar

Trochidae homogeneously-prismatic + nacreous
Xenophoridae crossed lamellar + longitudinally crossed lamellar
Uniboniidae crossed lamellar + nacreous + homogeneous
Neritopsidae horizontally prismatic + crossed lamellar
Neritidae crossed lamellar + complex

or: crossed lamellar

The most characteristic structure is the nacreous one which occurs in all mem­
bers of 6 of the 12 families examined and in the greater part of the 7th. The layer 
above the nacreous one is always of a but little characteristic kind, homogeneous and 
at the same time more or less indistinctly grained or finely prismatic. Under the 
nacreous layer there may, in some instances, occur another homogeneous layer.

Only in two instances there occurs a crossed lamellar layer above the na­
creous one, a combination which was never seen in the shells of the bivalves.

For the shells without a nacreous layer the crossed lamellar structure is the most 
characteristic, and most commonly the lamellæ are transversely arranged, which is 
everywhere the case if the opposite is not stated. Only in two instances there are 
longitudinal, crossed lamellæ under the concentrical ones. Over the crossed lamellar 
layer there is in one instance a special layer consisting of horizontal, radiating prisms, 
while, on the under side of the lamellar layer a complex layer may sometimes be 
found, which however, is, mostly very subordinate.

Although the structure of the shells in question is by far not so variable as 
those of the bivalves, it will be obvious that they possess some characters which 
distinguish them from the other groups of the gastropods and approach them to 
the bivalves. Firstly the occurrence of the nacreous layer, which is not found in 
any other gastropod, and secondly the predominance of the transverse lamellæ. Such 
features as the occurrence of prismatically homogeneous or complex crossed lamellar 
layers are also highly characteristic of the bivalves.

2. Suborder. Cyclobranchina.
Although the shells of these gastropods are built up in a rather variable manner, 

they form a very well characterized group which cannot very well be confounded 
39* 
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with any other. In many instances the structure is very peculiar and generally 
it is very complicated, with several layers. The different layers are distributed in a 
very imbricate manner, the uppermost one being at the same time thickest in the 
part next to the margin, while the lower layers are mostly confined to the region 
near the centre. This character is most pronounced in Patella fluctuosa, where the 
different layers almost have the form of concentrical rings. Only recent forms 
shall be described, but the Paleozoic forms, as different species of Tryblidium, also 
possess a special calcitic layer.

It is an essential character that all shells possess an upper layer of calcite 
which is mostly rather thick and in most cases, constitutes the whole part next 
to the margin. In the genus Acmaea (Tectura) the calcitic layer is very thin, espe­
cially in A. virgínea, where it is only a thin film (up to 0.02 mm. thick) (faintly 
visible in pl. X, fig. 3).

As to the arrangement of the elements the calcitic layer is more regular than 
in other gastropods with the exception only of the Neritidae. In Acmaea virgínea and 
A. persona we have one layer of horizontal prisms, as in Neritina, but here the 
optic axes are parallel to the prism axes. In Scutellina fulva there are also radiating 
prisms with parallel extinction, but the prisms are not quite horizontal but strongly 
inclined. In Scurria sp. the whole calcitic layer, which is very thick here, must be 
designated as homogeneously prismatic with radiating, almost horizontal prisms and 
with optic axes of the same direction. In Patella fluctuosa (pl. X, fig. 2) the calcite 
is foliated, shining with a micaceous lustre, as in many Ostreidae; the optic axes 
are still horizontal and radial. This orientation of the axes seems to be very charac­
teristic of most members of the family.

The Patella plicata forms a transition to the next type, the calcite being still 
foliated but with the foliae irregularly arranged. There are traces of a crossed lamel­
lar structure but the lamellæ are highly irregular and the optic axes are turned in 
all directions.

In P. Ravia and P. vulgata we have a mostly very regular crossed lamellar 
structure (pl. X, figs. 4 and 5), which is otherwise only found in some bivalves 
(Avicula-Aucella and Gryphaea). If we do not consider the position of the optic axes 
the structure very much resembles that of the said bivalves, the lamellæ of the 2nd 
order being much more flat-lying than in the corresponding structure of the aragonite. 
It is possible, of course, to see the reflections of these lamellæ on the under surface of 
the shell, and as the lamellæ are rather broad, they are easily seen with the naked 
eye. The angles characteristic of these lamellæ are the following (compare fig. 10): 
the obliquity of the lamellæ of the 2nd order is 13°, the angle between the optic axis 
and these lamellæ is 35°, and consequently the angle between the directions of ex­
tinction in two adjacent lamellæ is 96°. These angles are, of course, only approximate, 
as the whole structure is not very exact; practically we have, in the concentrical 
section, almost perfect extinction at the same time over the whole section, but as the 
axes of the two sets of lamellæ are nearly normal to each other we see, on turning



77 307

the table of the microscope, alternately the one and the other of these sets possessed 
of a high relief because of its large refraction.

In Patella rustica we tind both types of calcitic structures of the family, there 
being an upper, thinner layer of horizontal, radial prisms and a lower one which 
is crossed lamellar. Also Helcion pellucidum possesses both layers.

In Patella (Helcioniscus) radians we find a peculiar combination, the upper layer 
of the calcite being prismatic with irregular, vertical prisms and with very irregular 
extinctions; the lower layer is prismatic or foliated, with flat prisms placed horizon­
tally in the concentrical direction, while their optic axes are horizontal and radial.

As to the structure of I he aragonitic layers we find 
a still greater confusion. The different kinds of structure, 
characteristic of the mollusks are mixed together and 
hardly two of the species examined possess the same 
combination.

In Patella Bavia (pl. X, figs. 4 and 5) we find an 
upper layer of radial, crossed lamellæ after which follows 
a finely prismatic layer while the undermost layer con­
sists again of radial, crossed lamellæ interrupted by thin prismatic layers. P. plicata 
has an upmost layer of concentrical, crossed lamellæ, then a complex crossed 
lamellar layer, and finally a radial, crossed lamellar layer. P. rustica has radial, 
crossed lamellæ and under them a complex crossed lamellar layer, which layer in 
P. vulgata, as in P. (Helcioniscus) radians, constitutes the whole aragonitic part of 
the shell, while in P. fluctuosa (pl. X, fig. 2) it forms only the upper part of the 
aragonite, the lower layer being here prismatic.

In Scutellina fulva the upper layer consists of concentrical, crossed lamellæ, the 
lower one is homogeneous and faintly prismatic. In Scurria, on the contrary, the 
upper layer is prismatic, the lower one concentrically crossed lamellar, and the same 
combination is found in Acinaea virgínea (pl. X, fig. 3), while, in A. persona, there 
is, under the two above mentioned layers, a third consisting of radial, crossed lamellæ.

The species investigated, though rather a random selection, will be sufficient 
to show that the structures of both mineral substances are so variable that the pic­
ture of the whole is one of great confusion. We must expect that by examining 
still more species we shall find many more types. In order to establish a system 
on these different structures, it would certainly be necessary to undertake a thorough 
examination of the whole family.

The shell of Patella sp. has been described by Carpenter (1847, p. 112 and 113); the de­
scription, together with fig. 51, seems to indicate that we have here, as in P. Bavia, an under 
layer of radial, crossed lamellæ, and above that a prismatic layer. Sorby (p. 60) is the first to 
state that the shell of Patella consists of both calcite and aragonite. Cornish and Kendall 
(p. 70) have stated the same for Tectura testudinaria. On the contrary Miss Kelly (p. 52) has 
found that the shell of Patella consists of calcite, which is certainly not correct. In the first 
paper of Thiem there is a figure (p. 346) showing the radial section of Helcioniscus ardosiaeus; 
we see here a structure quite similar to that described above, an upper, calcitic, pris- 
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niatic layer, under that another, calcitic, one with horizontal prisms or leaves and an under­
most aragonitic layer which seems to be complex crossed lamellar. In his second paper he 
gives detailed descriptions of the shells of different species of Scurria and Acmaea. In his 
figure (30, p. 464) of Sc. zebrina we may distinguish the calcitic layer (o ostr), the prismatic 
aragonitic layer (u ostr), the concentrically crossed lamellar layer (hyp st), and an under­
most radially crossed lamellar layer which I have not observed in the shell of Scurria. In 
the figure (31, p. 465) of Acmaea cubensis we see the thin, calcitic layer, which has no desig­
nation, the upper aragonitic layer (ostr) consisting of concentrical, crossed lamellæ, and the 
lower one (hyp) which is radially crossed lamellar. It seems somewhat inconvenient to give 
such distinct terms to the individual layers, as long as we do not know which layers corre­
spond in the different forms. Later on (p. 478) he determines the mineralogical composition 
of the different layers through the reaction of Meigen and obtains some results which deviate 
highly from those obtained by others and which are certainly not correct. It must especially 
be pointed out as extremely doubtful that a layer may consist of both calcite and aragonite, 
as that would, in most instances, be easily detected by a microscopical examination through 
the different refraction of the two minerals.

Thiem’s exposition (pp. 467—476) of the structure of the crossed lamellæ is most inter­
esting. It is a fact that, in transverse sections of the lamellæ of the 1st order, we very often 
find them filled up by very fine, oblique lines runing in opposite directions in the two sets 
of lamellæ. But it is also certain that these lines do not represent the traces of the lamellæ 
of the 2nd order which are always, if visible, placed normally to the boundaries of the larger 
lamellæ. I am not able to give any explanation of these oblique lines which seem to be caused 
by a special optical phenomenon if the lamellæ are cut in a somewhat oblique direction. The 
figures of the crossed lamellæ, given byTniEM, are so complicated that they are only understood 
with great difficulty.

3. Suborder. Ctenobranchina.
The shells belonging to this large group are very uniformly built. The main 

structure is the crossed lamellar one in alternating layers, either transverse or lon­
gitudinal. The lamellæ are mostly regular and rectilinear, and only at the upper 
surface of the shell they pass gradually into an irregularly grained mass. Other 
aragonitic structures are very rare, and the greatest variations are produced by the 
existence of a calcitic layer in certain families.

From older times (Rose, Bowerbank a. o.) it is commonly stated that the 
shells of this main group of the gastropods consist of three alternating layers, of 
which the first and the third are transverse and the second longitudinal, or the 
opposite. As will be pointed out in the following, we shall see, however, that the 
last-named combination is never found outside the Capulidae, while the first-named 
combination, called the normal one in the following descriptions, is of course found 
in almost all families. True, we sometimes find an upper layer with longitudinal 
lamellæ but it is found only in connection with the common three layers, as a 
fourth, extra layer, and is always very insignificant and mostly only found in some 
few members of the same genus.

Solariidae.
All forms of the genera Solarium and Bifrontia examined by me belong to the 

common type with the upper layer transversely lamellated. In some instances both the 
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second and the third layer is confined to a smaller part of the shell. The lamellæ 
are rather irregularly formed, especially those of the third layer.

Litorinidae.
In the recent forms Litorina litorea, L. rudis and L. obtusata there is a thick, 

upper layer of calcite, while in L. flava (recent), in Lacuna divaricata and L. palli- 
dula (both recent) and in Planaxis muricoides (Eocene) there is no calcite at all.

The calcite is irregularly prismatic with reclined prisms (pl. X, fig. 6) the optic 
axes are also very irregularly orientated, mostly, however, crossing the prisms, hori­
zontally and longitudinally.

The aragonite in all the abovementioned species is very uniformly built and possesses 
the common three layers with the upper one transverse. The lamellæ are rather irregular.

Among the older members of the family Holopea sp. (Silurian) seems to have 
possessed a prismatic, calcitic layer, while in Litorina biferialis (Carboniferous) there 
is no trace of such a layer.

The existence of the two mineral substances in Litorina was mentioned by Sorby (p. 60).

Cyclostomatidae.
Only a few members of this family were examined. The Eocene form Cyclo­

stoma mumia possesses the common three layers with the first one concentrical, and 
the same may be said of the recent form C. elegans which, however, is in so far 
anomalous as the two under layers are so finely lamellated that the structure is 
difficult to observe and generally gives one the impression of being quite homogeneous.

Capulidae.
The shells deviate from the common type, as they only possess three layers 

of which the middle one has transverse (concentrical) lamels. As this layer is, 
in most instances, the thickest one, there is often a marked cleavage of the whole 
shell in the concentrical direction, which is more prominent here than in any other 
gastropod shell. The undermost, longitudinal (radial) layer shows quite the same 
characters as the transverse one which, in other gastropods of that group, is the lower 
layer; the lamellæ are irregularly formed (pl. XI, tig. 1), and their direction, in many 
instances, is rather oblique, forming an angle of up to 45° with these of the two 
upper layers. In no instance is there any trace of an undermost, transverse layer.

Numerous recent and Tertiary forms examined by me show the above structure. 
Some of the Silurian members of the family consist entirely of irregularly grained 
calcite and may, of course, have been built up in the same manner, while others 
possess distinct prismatic layers, as Platyceras cornutum, where the prisms show a 
characteristic zigzag form, reminiscent, to a certain degree, of some Pectens, while, 
in Platyostonea gregarinm, they are of the commoner form.

Carpenter (1847, p. 114) describes the shells of Crepidula and Calyptraea as having 
rounded or polygonal cells. I have not been able to observe any such; they must surely be 
caused by some more secondary phenomenon.
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Naticidae.
A large number of species were examined, both of Natica and of Neverita, 

Lunatia and Sigaretus. All have the common three layers with the upper one with 
transverse lamellæ. The lamellæ of the upper layer are very regular (pl. XI, tig. 2), 
whereas the radial lamels are rather irregular and the undermost, transverse ones 
very irregular.

Carpenter (1847, p. 116) mentions pavement-like cells as occurring in the shell of a 
Natica. I have not seen any similar phenomenon.

Ampullariidae.
The members of this family examined by me behave quite like those of the 

Naticidae (pl. XI, fig. 3).
Already Bowerbank describes the three layers of the Ampullaria.

Valvatidac.
The shells of the recent forms Valuata piscinal is and V. carinata have four 

layers of lamellæ with the first one longitudinal; the lamellæ are irregularly formed.

Paludinidae.
The shells of different species of the genera Paludina and Vivípara examined 

have three layers of which the first one is transverse (pl. XI, fig. 4). The lamellæ of 
this layer are very regular while those of the second layer are more irregular and 
those of the third very irregular; the directions of the lamellæ of the two last 
named layers differ widely from the normal scheme.

Hydrobiidae.
Members of the species Hydrobia, Bythinia and Lithoglyphus show a structure 

similar to that of the foregoing family. In the very thin shells the structure is, of 
course, not very distinct and the lamellæ are rather irregular.

Rissoidae.
Different species of Rissoa and Alvania were examined and most of them were 

built in the same manner as the two foregoing families. Only in Rissoa letlandica 
there are four layers the first of which has longitudinal lamellæ.

Janthinidae.
Some recent members examined by me (Janthina prolongata, exigua a. o.) 

have quite the same structure (pl. XI, fig. 5) deviating from that of all other gastro­
pods of this group. The mostly very thin shells possess an upper, calcitic layer 
which is relatively thick, constituting half of the shell or more. The calcite is ex­
ceedingly irregularly built and must be designated as irregularly grained without 
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any prismatic arrangement. The extinctions are also for the most part quite acci­
dentally orientated, although a relatively large number of the axes are reclined in 
the longitudinal plane.

The aragonite consists of crossed lamellæ which are always transverse, and there 
is no trace of any second or third layer. The lamellæ are very tine and irregular.

Miss Kelly (p. 52) describes the shells as consisting of calcite, which is surely not 
quite correct.

Scalariidae.
This family forms a transition from the common type to that of the foregoing 

family. A calcitic layer is probably never wanting although it may, in some instan­
ces, as in Scalaria gaultina, be very thin and not quite certain. In most cases it is 
essentially thicker and constitutes the greater part of the shell, especially in the 
last whorl. The ledges for the most part consist entirely of calcite (pl. XI, fig. 7) 
but in other instances, as in S. intumesecns from the Oligocène, that side of them 
which is turned towards the spire is formed of aragonite. The structure of the 
calcite is variable. While it is very regularly prismatic in the last named species, 
the prisms are, in most instances, very irregular (pl. XI, fig. 7), and in some cases 
the structure must be designated as grained.

The aragonite consists, as usual, of crossed lamellæ, and in most cases there 
are the ordinary three layers with the first one transverse. In some recent forms, 
however, only the upper, transverse layer is formed, but its under part is then gener­
ally exceedingly irregular (pl. XI, fig. 7). The lamellæ are, on the whole,, rather 
irregularly formed.

Both Cornish and Kendall (p. 70) and Miss Kelly (p. 52) describe the shells as con­
sisting of calcite, which is certainly not correct for any species. Here, as in other instances, 
such a fault is very easily explained if we assume that only the outermost part of the shell, 
next to the outer lip, is examined, as the aragonite is so exceedingly thin here that it cannot 
be detected by means of a determination of the specific gravity.

Turritellidae.
Among many recent and older Turritellidae examined by me there is very little 

divergence. The structure is the common one with three layers the uppermost of 
which is transverse; the second, longitudinal, layer is in most cases very insignifi­
cant, and the lamellæ are mostly very irregularly formed.

Cayeux (p. 486) describes the Eocene form T. terebellata as consisting of the ordinary 
three layers.

Vermetidae.
The shells of Vermetus, of which I have examined some recent species, are 

built in the usual manner with three layers, the uppermost of which is transverse. 
There are, however, sometimes traces of a fourth or fifth layer. In the FZocene Tenagodes

D. K. D. Vidensk. Selsk. Skr., naturv. ogmathem. Afd.,9. Række, 11,2. 40
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striatus the structure is essentially the same, but in some places thin, transverse 
layers are inserted in the thick longitudinal layer. In the Pliocene Siliquaria anguina 
the upper layer is also transverse while the undermost one is longitudinal, with 
many thinner transverse layers inserted in it. The lamellæ are on the whole rather 
irregularly formed.

Pyramidellidae.
Different species of the genera Pyramidella, Eulima, Turbonilla, Cheilostoma and 

Diastoma were examined and they were quite alike. The shell consists of three 
layers, the first of which is transverse; the lamellæ are rather irregularly formed.

Melaniidae.
The shells of different forms of the genera Melania, Melanopsis and Pyrgularia 

are essentially alike with the upper layer longitudinally lamellated and with four 
layers. The first layer is very thin and indistinct; the lamellæ of all the layers are, 
on the whole, rather irregularly formed.

Cerithiidae.
The shells are built up in the usual manner with three layers the first of 

which is concentrical. The longitudinal layer is mostly rather insignificant and the 
lamellæ of all layers are generally rather irregularly formed. Besides a large number 
of species of Cerithium I have examined members of the genera Bittium, Potámides 
and Triforis. The Eocene form Cerithium giganteum possesses some very subordinate 
layers which seem to be of a prismatic nature; the lamellæ of this large form attain 
a thickness of up to 0.15 mm.

Aporrhaidae.
The shells of Aporrhais and Alaria consist of the ordinary three layers with 

the first one transverse (pl. XI, fig. 7). The layers are considerably more distinct 
than those of the foregoing families, and the lamellæ are more regularly formed. The 
3rd layer is divided into two sub-layers, both with an almost transverse orientation 
but differing a little from each other (pl. XI, fig. 8). In the foregoing families there 
have, in some instances, been found traces of sub-layers, but because of the irre­
gularity of the lamellæ it has not been possible to establish their existence with 
certainty.

Strombidae.
The commonest type is the same as that of the foregoing family. There are three 

layers the first of which has transverse lamellæ and the layers are very distinct 
with regular lamellæ, those of the third layer being, however, less regular than the 
others. I have found no traces of any sub-layer like that mentioned above. The 
Eocene forms Strombus dubius, ornatus and dictator, Rostellaria lucida, Rinella rimosa, 
Seraphs convolutus, Terebellum fusiforme and the Gaultian form Anchura carinata be­
long to this type.



83 313

In the recent Strombus gigas there are four layers, all alternating, and the first 
one is longitudinal. The lamellæ are regular and rather broad (up to 0.1 mm.). Also 
the Gaultian form Rostellaria Soiverbyi has longitudinal lamellæ in the first layer.

Already Bournon (p. 312 and 318 if.) describes the shell of Strombas gigas. He has only 
seen three layers the uppermost of which has longitudinal lamellæ; as the fourth layer be­
gins at a distance from the outer lip of almost half a revolution it is easily understood how 
we may receive the impression that there are only three layers. In the drawing of Bournon 
(pl. 1, fig. 2) there is the fault that the lamellæ of the first and third layers are placed in an 
oblique position while they are in fact strictly normal to the surface of the shell. Also Rose 
(p. 89 if.) gives descriptions and drawings of the three layers of Strombus gigas, and Tullberg 
(p. 42) mentions the same layers and, furthermore, an undermost layer, built like the uppermost 
one of Buccinum undatum. He does not state which is the species examined, and I have 
never observed any such layer in any form of Strombas.

Cypraeidae.
An Eocene Cypraea sp. possesses four alternating layers the first of which is 

longitudinal. All other species of C., and of Erato and Ovula examined by me have 
the usual three layers with the first one transverse. The lamellæ are more or less regular.

The structure of Cypraea was already stated by Bowerbank.

Cassididae.
Different species of Cassis and Cassidaria examined by me all show the same 

structure with three alternating layers the first of which has transverse lamellæ (pl. XI, 
fig. 9, and pl. XII, fig. 2). The lamellæ of the two first layers are very regular (pl. XII, 
fig. 2), those of the third one less so.

The structure of Cassis was already stated by Bowerbank.

Doliidae.
The shells of Dolium are built up in exactly the same manner as those of the 

foregoing family.
Tritoniidae.

Different species of Triton and Ranella examined by me all show the same 
structure very much resembling that of the two foregoing families. In some instances 
there is a distinct fourth sublayer with transverse lamellæ which, however, form an 
angle of about 25° with those of the third layer.

Columbellidae.
The shells of Columbella behave exactly like those of the foregoing families.

Buccinidae.
Almost all members of this family belonging to the genera Buccinum, Pseudo­

liva and Nassa (pl. XII, fig. 4) examined by me, behave exactly like those of the 
foregoing families. Only Buccinum undatum forms an exception as the shell possesses 

40* 
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a special, thick, upper layer, of which no trace is found in any of the other forms. 
The said layer is prismatic and bears a certain resemblance to the calcitic layer 
found in other gastropod shells, as it is considerably more transparent than the 
underlying lamellar substance. It consists, however, of aragonite, and the structure 
is very irregular, composite prismatic (pl. XII, fig. 3).

Tullberg (p. 39 if.) describes the four layers of B. undatum and gives good figures of 
the different sections of the shell.

Purpuridae.
Most members of this family examined by me, such as the recent Purpura 

recta, the Miocene forms P. exilis, haemastoma and a recent Pentadactylus sp., show 
the common structure. In Purpura recta the lamellæ of the third layer have such 
an oblique position that they can hardly be said to be transverse (pl. XII, fig. 5).

In two instances, the recent forms P. lapillus (pl. XII, fig. 6) and fíapana rapa, 
there is a thick, upper, calcitic layer consisting of rather irregular prisms with an 
almost entirely irregular extinction.

Already de Bournon (p. 324) observed the two different substances forming the shell 
of P. lapillus, and Sorby (p. 60) determines these substances as calcite and aragonite. Cornish 
and Kendall (p. 70) have arrived at the same result.

Muricidae.
Most members of this family examined by me have their shells built up of 

four alternating layers (pl. XII, fig. 7) the first of which has longitudinal lamellæ. 
This layer is always thin and in some instances indistinct and interrupted, but I 
think that it is never entirely wanting. All forms of Murex and Typhis examined by 
me, and Trophon Semperi from the Miocene belong to this type.

All other species of Trophon examined by me (T. clathratus and T. (Ocinebra) 
scalariformis) possess an upper, calcitic layer with a prismatic structure with rather 
regularly formed prisms with a rather regular extinction. The aragonitic part of the 
shell has only three alternating layers the first of which has transverse lamellæ.

Cornish and Kendall mention (p. 70) that Murex tortuosus has a thick opaque inner 
layer, while the investment constituting the frills and varices is translucent. The specific 
gravity of the shell is 2.85, indicating that the greater part is aragonite. It is possible that 
we have here a calcitic layer but it may also be that the layer is constructed as in Bucci- 
num undatum. I have not had any material of this species at my disposal

Fusidae.
The most divergent is the genus Chrysodomus of which the following Pliocene and 

Pleistocene members were examined: C. contraria, C. despecta and C. antiqua. All of 
them have a thick upper calcitic layer built up of rather regular prisms with a rather 
regular extinction. The aragonitic part of the shell consists of the ordinary three layers.

The other members of the family have no calcite and consist of the common 
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alternating layers. Mostly there are only three but in some instances there is a distinct 
upper one with longitudinal lamellæ. The genera Fusus and Leiostoma, a very large 
number of which I have examined, have mostly three layers and only some spe­
cies, as the Eocene forms L. pyrus, bulbiformis and incrassatus, have four distinct 
layers. Of the genus Fasciolaria the Miocene forms F. fimbriata and F. noctífera, have 
four layers while the equally Miocene form F. burdigalensis only possesses three. The 
Miocene Turbinella subcraticulata has four layers. Some Eocene members of the genus 
Pyrula are also differently constructed: P. clava and tricostata have three, while P. 
callosa, Condita and laevigata, have four layers.

Bowerbank mentions the genus Pyrula as one of those which have three layers with 
the middle one with transverse lamellæ; as seen above, some Pyrulae have four layers, and 
he has here, as in other instances, not noticed the innermost, transverse layer. Sorby (p. 60) 
mentions the genus Fusus among those which have an outer calcitic layer; it is probable 
that he has examined some Chrysodomus. Cornish and Kendall state that Fusus antiquus 
(= Chrysodomus antigua) consists of calcite and aragonite.

Volutidae.
The shells of Voluta possess the ordinary three layers; the third one may be 

divided into two sublayers none of which takes the exact transverse direction 
(pl. XII, fig. 8). The genus Marginella also possesses three layers while some species 
of the genus Mitra (M. fusiformis and scrobiculata) have an upper layer with longi­
tudinal lamellæ.

Bowerbank gives the genus Voluta as an example of the gastropods with three layers 
the middle one of which has transverse lamellæ; I have found no instance among numerous 
species examined where there is an upper longitudinal layer.

Harpidae.
A few species of Harpa examined by me show the same structure as Voluta. 

Here the third layer is more distinctly divided into two sublayers the first of which 
has the lamellæ orientated in an oblique direction; as seen in the figure, pl. XIII, 
fig. 1, the laniellæ of the upper sublayer are more regularly formed than those of 
the lower one, although not so regular as those of the two upper layers.

Olividae.
The shells of different forms of Oliva, Olivella and Ancillaria examined by me all 

show the ordinary structure with three layers. There may, in some instances, be faint 
traces of an upper, longitudinal layer but it is not formed as a distinct, separate layer.

Bowerbank places the Oliva among the gastropods which have three layers of which 
the middle one has transverse laniellæ; there may, perhaps, be other species than those ex­
amined by me, which possess the said upper layer.
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Cancellariidae.
Different Tertiary and Quaternary species of Cancellaria examined by me were 

all quite alike and built up of the ordinary three layers.

Terebridae.
The shells of Terebra are constructed in the same manner as those of the fore­

going family.
Pleurotomidae.

A large number of species of the genus Pleurotoma and some examples of the 
genera Mangelia, Bela, Drillia, Clathurella, Clauatnla and Borsonia were examined. 
The structure was the same in all instances, and the usual three layers being al­
ways present.

Conidae.
All shells of Conus consist of four layers, the first one having longitudinal lamellæ.
By Bowerbank these shells are stated to be composed of three layers, of which the 

middle one has transverse lamellæ; here, as elsewhere, he has not observed the innermost 
layer.

The shells of the large suborder of the Ctenobranchina are built essentially in 
the same manner although there may, of course, be different modifications of the 
common type. The differences are, however, in most instances not very marked, 
and it is impossible to distinguish these shells from each other only by means of 
their structure.

The common type, which is developed in all families with the exception only 
of the Capulidae, the Janthinidae and some of the Scalariidae, is a combination of 
three alternating layers of crossed lamellæ, those of the first and third layers being 
transverse and those of the middle one longitudinal. The lamellæ of the first layer 
are in most instances perfectly transverse, parallel to the lines of growth, although 
there may, in some instances, be characteristic deviations from that direction, the 
lamellæ forming a distinct, acute angle with the lines of growth. This, however, is 
an exception. The second layer too is rather regularly orientated, its lamellæ being, 
in most instances, normal to those of the first layer. But the orientation of the 
lamellæ of the third layer is highly irregular; in some instances they may be nearly 
normal to those of the second and parallel to those of the first layer, but as often 
they may be orientated in another direction, forming angles of up to 45° with the 
directions of the upper lamellæ. In other instances the third layer may be replaced 
by two sub-layers having different directions, of which one or both may deviate 
rather strongly from the transverse one. In no instance is there, however, any 
distinct fourth layer with longitudinal lamellæ.

As to the regularity of the lamellæ there are great differences both between the 
different families and between the different layers. As a rule the lamellæ of the first 
layer are most regularly formed, while those of the second layer are somewhat less 
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so and those of the third one are always very irregularly formed, branched and 
fusiform. The substance forming the third layer is also generally different from that 
of the two first ones, being more transparent. If this layer is divided into two sub­
layers there may he some difference between these, the upper one forming a tran­
sition, both as to the regularity of the lamellæ and the transparency of the substance, 
between the upper layers and the undermost sub-layer.

The different families behave very differently as to the regularity of the lamellæ, 
but there may, in some instances, also he a great difference between shells belong­
ing to the same family. As a rule the lamellæ of the larger and thicker shells are 
more regularly formed than those of thin shells. The most regular structure is found 
in the last half of the families, from the Aporrhaidae to the Conidae, and it is 
obvious that the single layers have very sharp and distinct boundaries against each 
other and are easily visible to the naked eye. Among the first part of the families 
we find similarly distinct regular lamels and sharply hounded layers in the Naticidae, 
the Capulidae, the Paludinidae and the Ampallariidae, while the lamellæ in the other 
families are more irregular. The greatest irregularity prevails among the Turritellidae 
and the Cerithiidae, where the second layer is generally very indistinct and only 
developed in part of the shell while, in other parts, the first and third layers are 
merged in each other.

The relative thickness of the three layers may be rather variable. As a rule 
the first layer is always well developed; by the outer lip it forms the whole shell, 
hut it gets gradually thinner as we approach the apex. The second layer commonly 
begins at a little distance from the lip and is at first very thin but gradually gets 
thicker until where the third layer begins, whereupon it generally gets thinner and 
thinner. The third layer begins rather far away from the lip; in the shells with a 
large first whorl, as in Strombus, Conus and Cypraea, we commonly find it at a 
distance from the lip of almost half a revolution, while, in the shells with a long 
spire, as in a Terebra, it only begins at a distance of many whorls from the lip. 
This layer commonly gets thicker and thicker next to the apex, but there are many 
shells where it is always rather insignificant.

The most common divergence from the ordinary type is formed by the exi­
stence of an uppermost layer with longitudinal lamellæ found in many families which, 
in this manner, come to be built up of four alternating layers. This uppermost layer 
is always relatively thin and it is, in some instances rather difficult to ascertain its 
existence as the lamellæ next to the surface of the shell are mostly rather irregularly 
formed. Where best developed the lamellæ of this layer are, however, perfectly distinct 
and regularly formed, and the layer surrounds the whole shell. All members of 
the families Valvatinidae, Melaniidae and Conidae examined by me possess four layers 
and so do those members of the Muricidae which have no calcitic layer. In the 
families Rissoidae, Strombidae, Cypraeidae, Fusidae and Volutidae some members have 
four layers while most of them only possess the usual three.

Other deviations from the normal type are the following: thin, subordinate 
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layers of different kind are found in the Vermetidae and in Cerithium giganteum; in 
the genus Cyclostoma the second and third layers may be developed in a very im­
perfect manner, the structure of that part of the shell being almost homogeneous. In 
Buccinum undatum there is a special, thick, upinost layer of a prismatic consistency.

As mentioned above, there are three families which deviate essentially from 
the type. The Capulidae possess three alternating layers the first of which has 
longitudinal lamellæ while the third, longitudinal layer is developed in the same 
way as the third, transverse layer in the typical shells. Only in the two fami­
lies in which the calcitic layer is never wanting, the aragonitic part is correspon­
dingly reduced. In the Scalariidae some of the members possess the normal three 
layers while others have only the first one, and the thin, aragonitic part of the 
shells of the Janthinidae only consists of that layer.

A calcitic layer is found in all members of the families Janthinidae and Sca­
lariidae examined by me and in some members of the Litorinidae, Muricidae, Pur- 
puridae and Fusidac, there has likewise been such a layer in some of the Paleozoic 
members of the Capulidae. The calcitic layer is in almost all instances very thick, 
the structure is always prismatic, in some cases rather regular in others more 
irregular.

4. Suborder: Heteropoda.
The shells of Atlanta sp. and Carinaria mediterránea examined by me are 

essentially alike; they consist of aragonite and have a homogeneous structure with­
out any distinctly visible elements.

Schmidt (p. 177) describes the homogeneous structure of Carinaría mediterránea, but 
he finds that the shell consists mainly of calcite, as, by using the fluid of Mohr, he obtains 
a mainly yellow precipitate with green spots. I think it highly improbable that a shell which 
looks so homogeneous, can consist of two substances, and I have found no trace of calcite 
either by means of the fluid of Mohr, or by other ways of determination.

B. Order. Opisthobranchia.
Actaeonidae.

The shell consists of the common three layers with alternating lamellæ, those 
of the first layer being, as usual, transverse. The third layer may, in some in­
stances, be very insignificant or wanting. As to the aspect of the lamellæ there is a 
great difference between the different genera. The Senonian form, Actceonella gigantea, 
has very regularly formed lamellæ, and the third layer is very thick here and has 
also the lamellæ regularly formed. Actaeon Moulinsii from the Miocene has still re­
gularly formed lamellæ, but here the third layer is insignificant. Different Eocene 
species of Tornatella have irregular lamellæ but the layers are still very distinct, 
whereas, in several species of Bingienla examined by me they are merged to a great 
extent and only recognizable with great incertainty.
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Bullidae.
The shells of this family are differently built; the lamellæ are, however, always 

rather irregularly formed. Bulla sp. (recent) has the common three layers, the third 
of which is divided into two sub-layers. Among the Eocene forms Athys semistriata 
and Bulla parisiensis have four layers, as there is an uppermost, very thin layer 
with longitudinal lamellæ; Cylichna Bruguierei also possesses this upper layer, but 
there is no trace here of the usual, undermost transverse layer. In Cylichna cylin- 
droides and Bulla angistoma the uppermost layer is also wanting, and there are only 
two layers in all, the first one being transverse. The Miocene form, Scaphander 
Grateloupi, has the same two layers combined with the upmost longitudinal layer 
(as in Cylichna Bruguierei); the layers are more indistinct than in most Bullae. In 
Philine aperta and scabra (both recent) the layers and lamellæ are highly irregular 
and indistinct, the lower part of the shell possessing a perfectly complex structure.

It will be seen that the shells of the Opistobranchia are built up after essen­
tially the same scheme as those of the Ctenobranchina, possessing, in most instan­
ces, the same three or four layers. But there is, in this small group, much more 
variation than in the other, large group. The layers are, in some instances, much 
more indistinct than in the former group; the third layer may be wanting, but it 
may, on the other hand, be much thicker than in any members of the Ctenobran­
china and possessed of much more regular lamellæ.

C. Order. Pteropoda.
Cavoliniidae.

The few forms examined by me (a recent Hyalaea sp. and the Miocene Vaginella 
depressa) are quite alike; the shell consists of aragonite and the structure is perfectly 
homogeneous without any visible element.

Cayeux (p. 490) describes the shell of a Vaginella as consisting of three layers, of which 
the upper and under ones are homogeneous and are said to consist of calcite, whereas the 
middle one is described as being crossed lamellar; this structure is, however, said to be 
extremely fine and is not visible in the figure (pl. 54, fig. 2).

Hyolithidae.
The shell of Hyolithes, if not altered into some other substance, consists of 

irregularly grained calcite, and there is no doubt that it originally consisted of ara­
gonite. In no case is there any trace of the original structure.

Appendix.

Tentaculitidae.
The shells have mostly a very uniform structure consisting of calcite which is 

certainly original, possessing a very regular, finely foliated structure (pl. XIII, fig. 2) 
D. K. D. Vidensk. Selsk. Skr., naturv. og ma them. Afd.,9. Række, 11,2. 41 
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with a regular, normal extinction. As the most typical examples may be mentioned 
Tentaculites annulatus from the Ordovician or T. intermedius, T. ornatus and others 
from the Silurian. A similar but less regular structure is found in T. sp. of Gothland, 
whereas, in T. cfr. grandis from the Ordovician, it has not been possible to find 
any distinct structure.

In the handbooks of Zittel the shell is said to consist of two layers, an outer, massive, 
and an inner, foliated layer. I have not seen any such difference in the shells examined by me.

Torellellidae.
The shell of the Cambrian Torellella laevigata consists of phosphorite which 

is, as usual, composed of alternating layers of a weakly doubly refracting and 
a seemingly perfectly isotropic substance. The former is positive with the axes 
regularly vertical. The sign of the double refraction is remarkable, as not alone 
most varieties of the common phosphorite, but also other phosphoritic shells, as 
those of the Connlaria and of the brachiopods, are always negative. The very thin 
shell of Hyolithellus micans (Cambrian) also consists of phosphorite with a positive 
sign, but here no alternating layers are visible.

Conulariidae.
The shells of different species of Connlaria were examined. In most respeets 

they resemble those of the foregoing family. In some instances the whole shell is 
isotropic, in others there are alternating layers; the sign of the double refraction 
is negative.

D. Order. Pulmonata.
1. Suborder. Thalassophila.

The only shell examined by me is that of the recent Siphonaria Lesseni; it 
consists of three alternating layers, the first one having concentrical lamellae. The 
lamellæ, as usual, are rather regularly formed in the first two layers and irregular 
in the third one.

2. Suborder. Basommatopliora.
Auriculidae.

The shells of the recent Auricula myosotis and of the Eocene A. Douvillei are 
quite alike and consist of four alternating layers the first of which is very thin and 
consists of longitudinal lamellæ; the lamellæ of the fourth layer are, as usual, very 
irregularly formed.

Limnaeidae.
The recent forms of Limnaea examined by me (L. stagnalis, ovata, palustris and 

pereger) all have their shells built up of four layers, the first of which is very in­
significant and has longitudinal lamellæ. The shells of the recent Planorbis umbili- 
catus and of the Miocene forms, P. corneus and pseudoaminoneus, only possess three 
layers, the first of which is very insignificant and has longitudinal lamellæ; the lamellæ 
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of the third layer are very indistinct. Physa columnaris (Eocene) also possesses 
three layers the first of which has longitudinal lamellae; this layer is, however, better 
developed than in the two other genera and the layers are, as a whole, more distinct, 
whereas, in the recent Ancylus fluviatilis, they are so indistinct that they can hardly 
be seen. The lamellæ in all members of the family are very irregularly formed.

3. Suborder. Stylommatophora.
Helicidae.

The shells are, as usual, built up of alternating layers but the number of 
these layers is, in most instances, greater than in any other shell. The recent forms, 
Helix pomatia and nemoralis, and the Miocene forms, H. inflata and sylnana, have 
five layers (pl. XIII, fig. 3) the first of which has longitudinal lamellæ, whereas, 
in the Eocene H. turonica, this layer is wanting, there being only four layers. The 
lamellæ of Helix are rather irregularly formed, especially those of the undermost 
layers. Five alternating layers are also found in the recent forms Bulimus rosaceus, 
Clausilia sp. and Pupa nva (pl. XIII, fig. 4), but here the lamellæ of all layers are all 
more irregularly formed. In the thin shells of Succinea oblonga and elegans there 
are only four layers, as the undermost, longitudinal one is wanting here, and in 
the recent Buliminus obscurus only the three first layers are developed, the under­
most part of the shell possessing a very complicated structure.

Biedermann (p. 72 if.) gives a thorough description of the shell of Helix pomatia which 
is said to consist of three alternating layers, the first of which has longitudinal lamels. 
Also Schmidt (p. 174) has described the structure of H. pomatia.

The shells of the Pulmonata are, as a whole, built up after the same scheme 
as those of the Ctenobranchina, but there seems to be a closer resemblance to the 
Opistobranchia in that there are many deviations from the main type which seems 
to be very rare here. The deviations, as in the Opistobranchia, may consist both 
in a reduction and in an addition of new layers. A reduction has taken place 
only in the genera Ancylus and Buliminus, where the normal third (concentrical) 
layer is not found or, at all events, very indistinct. All shells examined by me, 
with the exception only of those of Siphonaria and of Helix turonica, possess an 
upmost longitudinal layer, the character of which is exactly the same as in the 
Ctenobranchia and Opistobranchia, the layer being mostly very thin with very thin 
lamellæ. The most remarkable feature is the addition of an undermost, longitudi­
nal layer in many members of the Helicinae', in some instances we may find, in 
the two other groups mentioned above, that the common third layer may be divi­
ded into two sub-layers but the lamellæ of both of them must still be said to be 
concentrical although their directions are rather deviating.

The following summary may be given of the results of the examination of the 
shell structure of the gastropods: The groups of the Ctenobranchina, the Opistobranchia 

41
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and the Pulmonata are very closely related, while the Aspidobranchina and the Cyclo­
branchina stand rather apart from these. Still more apart are the Heteropoda and the 
Pteropoda, and quite isolated are such families as the Tentaculitidae, the Torellellidae and 
the Conulariidae.

V. Class. Cephalopoda.
The shells of the Cephalopoda are much more simply constructed than those 

of most other mollusks, possessing only the most primitive structures, especially 
the nacreous and the prismatic ones. With one exception (Orthoceras annulatum) 
the shell is what we may call unorientated, as there is no difference between the 
two main directions, lhe transverse and the longitudinal. Aragonite is the com­
monest element in the shell.

A. Order. Tetrabranchiata.
1. Suborder. Nautiloidea.

The shell of the recent Nautilus pompilius (pl. XIII, figs. 5 and 6) mostly con­
sists of a beautiful nacreous substance. Above that there is a thin layer of an 
irregularly prismatic structure; the prisms are of a homogeneous nature with a 
feathery arrangement of the axes, which diverge downwards. The upinost, thin 
layer is irregularly grained; downwards the grains are relatively large and scat­
tered among the prisms while, towards the upper side of the shell, they get gradu­
ally exceedingly fine and, at the same time, form a compact layer. The septa con­
sist throughout of the nacreous substance. The Eocene Nautilus imperialis seems to 
have a similar structure which is, however, very indistinct because of an incipient 
alteration of the substance. The Oligocène Aturia (pl. XIV, fig. 1) Basteroti is more 
remarkable having upmost a thick, nacreous layer under which there is a thick, 
prismatic layer, while the undermost, thin layer is nacreous. The septa are built 
up of a thick, prismatic layer, on both sides of which there is a thin, nacreous 
layer. At the connection between the septum and the outer shell, the undermost nac­
reous layer of the latter continues into lhe two nacreous layers of the septum, while the 
prismatic layer of the septum has no connection with that of the outer shell, both 
being rather differently constructed. The Senonian Eutrephoceras dekayi seems to 
consist entirely of a nacreous substance. The shells of these four species, which are 
the only ones examined among the newer nautiles, consist of aragonite.

Appellöf (p. 69 if.) gives a very thorough description of the structure and formation of 
the shell of Nautilus umbilicalis; the structure is, in all essentials, the same as that described 
above, it seems, however, that the upper part of the shell is built up in a somewhat more 
complicated manner. A description and a figure of the shell of Nautilus pompilius is given 
by Cayeux (p. 491). Also Schmidt (p. 178) describes the shell of a Nautilus.

I have examined a large number of the older, Paleozoic and Mesozoic, Nau­
tiloidea and in most of them I have found that the shell consists of quite ir­
regularly grained calcite which indicates that the structure is secondary and pro­
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duced by alteration of an original aragonitic shell. Only in a few instances have I 
found a regularly prismatic calcite which must be original, and as it is found only 
in the upper part of the shell we must assume that this has consisted of an upper, 
calcitic, and an under, aragonitic layer, as found in several bivalves and gastro­
pods. The most certain calcitic layers are found in the Ordovician Lituites antiquis- 
simus and the Silurian Gyroceras alatunv, the prisms are regularly formed and their 
extinction is also very regular, the axes being normally orientated, parallel to the 
prism axes. The most peculiar shell is the Silurian Orthoceras annulatuni; the 
form of the prisms is not so regular as those mentioned above, but the optic axes 
have a very rare orientation transverse in relation to the prism axes and, at the 
same time, transverse to the axis of the animal. In none of the three species 
mentioned is there any trace of original calcite in the septa.

There may, of course, have existed a calcitic layer in other cases where 
it is no longer possible to detect it. Especially in such instances where all car­
bonate of lime has been diluted, it will be quite impossible to state anything about 
the original nature of the shell. Of this kind is e. g. the material which I have seen 
of the oldest among all Cephalopada, the Cambrian form Volborthella.

Of the Rliyncliolites I have examined a few forms; they consist of a primary 
calcite the structure of which is very variable; sometimes it is homogeneous while 
in other places, it, may be spherolitic or complicated in other ways.

2. Suborder. Ammonoidea.
The shells of the ammonites, if preserved, consist throughout of aragonite and 

the structure is rather simple and uniform. In some instances the shell is nacreous 
throughout while, in other instances, there is a lower layer of a prismatic sub­
stance (pl. XIV, fig. 2-—4); this layer is always very thin and the prisms are rather 
fine and inconspicuous, their extinction is normal. As we may find in some genera 
(f. i. Perisphinctes) some forms with and others without the prismatic layer, I do not 
think that its presence can be of any systematic value, and I shall not, of course, 
give a list of the forms in which I have found it. In some instances we find, under 
this layer a very thin nacreous one, the structure very much resembling, in that 
respect, that of the Aturia described above. There may also be found two or more 
thin prismatic layers.

In the septa I have never found any trace of a prismatic layer; their sub­
stance is nacreous throughout.

All Paleozoic and many Mezosoic ammonites have their shells completely 
altered, generally into an irregularly grained calcite (pl. XIV, fig. 5). In no instance 
have I found any trace of primary calcite.

Cornish and Kendall have stated that the shells of the ammonites consist of aragonite. 
Cayeux (p. 492) mentions an upper, prismatic layer corresponding to that of the nautiles; in 
his figure of Aegoceras planicosta (pl. 54, fig. 5) we see, besides two specimens of the shell which 
are nacreous throughout, a third specimen with an upper, rather coarsely prismatic layer. I 
think it most probable that this figure represents a shell of some lamellibranchiate.



324 94

The shells of Aptychus all consist of calcite; there seem to be two kinds of struc­
tures. Some of them are prismatic with rather coarse and very irregularly formed 
prisms (pl. XIV, fig. 6); the extinction is quite irregular. The other group was origi­
nally porous, consisting of coarse, cylindrical cells (pl. XIV, fig. 7, and pl. XV, 
fig. 1) the orientation of which may be normal or more or less oblique; their form 
is generally irregular and on the upper and under sides of the shell they grow 
together and pass into different compact structures. The walls of the cells are 
rather thin and consist of a homogeneous calcite, the axes of which are sometimes 
normal to the walls and sometimes more or less oblique. The interior of the cells 
are filled up by secondary calcite.

Cornish and Kendall have stated that the Aptychi consist of calcite.

B. Order. Dibranchiata.
1. Suborder. Belemnoidea.

Belemnitidae.
As is well known, the rostrum of the Belemnites normally consists, of calcite in 

prismatic arrangement and with larger elements than found in any other mollusk. 
The structure is essentially the same in all forms, there being only some difference 
in the regularity of the form of the prisms and the regularity of the extinction. 
The most irregular type with very coarse prisms I have found in Belemnites parvus 
(pl. XV, fig. 3) from the Liassic, whereas the Senonian form Belemnitella mucronata 
(pl. XV, fig. 2) shows the most regular prisms. Only the Triassic form Aulacoceras 
possesses a rostrum with a quite irregularly grained structure and we must assume 
that it consisted originally of aragonite.

The most peculiar structure is found in the genus Actinocamax; the main part 
of the rostrum is built up of prisms in the usual manner, but next to the alveole 
this structure gradually passes into one large calcite individual; by breaking the 
shell here we lind large cleavage faces curved in a regular manner according to 
the form of the alveole.

Cornish and Kendall have stated that the Belemnites consist of calcite. A very thorough 
description of the structure of the shell of Belemnitella mucronata is given by Cesàro (Ann. 
Soc. Geol. de Belgique, 26, 1899, p. 73). By examining the traces of the cleavages in the vertical 
section he finds that the single individuals must have a regular orientation around the main 
axis, but I have not been able to find any such regularity. On the contrary, if we place a 
fragment of the shell on the goniometer, we see that the reflexions of the cleavages, which 
are very distinct, form a perfect ring around the main axis and that their direction is, of 
course, quite accidental.

Of the phragmocones I have had only a very scarce material for examination. 
Of the Triassic genus Atractites both the wall and the septa consist of irregularly 
grained calcite, and we must assume, therefore, that the shell has consisted of ara­
gonite. On the other hand, in Belemnitella mucronata we find the wall consisting of 
finely prismatic calcite which must be original.



95 325

Spirulidae.
The shell (pl. XV, fig. 4) consists entirely of aragonite; the outer shell is pris­

matic with rather regularly formed prisms; the extinction is somewhat variable but 
does not deviate very much from the direction of the prisms. A very thin upper 
layer is perfectly homogeneous. The septa, on the contrary, are nacreous.

A very thorough description of all parts of the shell of Spirula has been given by 
Appellöf; as he has, apparently, not made use of polarized light, he has not observed the 
prismatic structure.

2. Suborder. Sepioidea.
The shell of Sepia consists entirely of aragonite; the different parts possess a 

very different structure and here I shall only point out some essential features 
(pl. XV, fig. 5). The external wall and the mucro possess a very fine prismatic struc­
ture, the whole arrangement being as a rule rather irregular in accordance with the 
mamillary surface of the shell. In the parts next the margin there is a horny plate 
between two calcareous ones, in the more central parts the shell is calcified 
throughout but it contains a large amount of organic substance. In the spongy 
body the lamellae consist of an irregularly grained mass which is otherwise rarely 
found; the rods are perfectly homogeneous with their extinction orientated parallel 
to their maximal direction. As is well known, they have the form of very thin 
plates so that, in longitudinal sections, they may be narrow or broad according to 
their orientation, whereas, in cross sections, they show very characteristic meanderlike 
figures (pl. XV, fig. 6).

Further descriptions of the many peculiar features in the Sepia shell have been given 
by Appellöf a. o.

3. Suborder. Octopoda.
The shell of Argonauta consists of calcite and is very peculiarly built (pl. XV, 

fig. 7). The greater part, consisting of a thicker upper and a thinner under layer, is 
very finely prismatic with an extinction which is, in most instances, so perfectly 
parallel to the axes of the prisms that the structure is not very distinctly seen under 
the microscope, whereas it is more easily seen if one examines a fragment of the 
shell with a strong magnifying lens. Between the two above-mentioned layers there 
is a very thin layer of a very fine, irregularly grained calcite.

Miss Kelly was the first to determine the calcitic nature of the Argonauta.
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PLATE I

Fig. 1. Aviada sp. (recent). Vertical section showing the upper, prismatic layer and the lower, 
nacreous one.

Fig. 2. Aviada Münsteri (Upper Jurassic)- Vertical, concentrical section; upmost the prismatic 
layer, the lower one is crossed lamellar.

Fig. 3. Pinna sp. (recent). Horizontal section ol the prismatic layer.
Fig. 4. Pecten undulatus (Senonian). Vertical, radial section, showing the zigzag-structure.
Fig. 5. Pecten sp. (recent). Vertical section. An aragonitic, prismatic layer between two lamel­

lar, calcitic ones.
Fig. 6. Peden aequivalvis (Liassic). Vertical, radial section; the double zigzag-structure is 

distinctly seen.
Fig. 7. Spondylus sp. (recent). Vertical, concentrical section; an upper, calcitic, lamellar layer, 

and two aragonitic layers, the uppermost is crossed lamellar, whereas the under­
most is prismatic.



D. K. D.V IDENSK. SELS«. S KR., NATURV. OG MATH. AfD., 9. R., 11,2. [O. B. BøGGILd] Pl. I

F i g. 5



PLATE II

Fig. 1. Exogyra cónica (Neocomian). Vertical section showing the typical, irregularly lanicl- 
lated structure.

Fig. 2. Oslrea edulis (recent). Vertical section, showing alternating layers of nearly horizontal, 
compact lamellae and nearly vertical, more loosely connected lamellæ.

Fig. 3. Gryphaea vesicularis (Senonian). Vertical section. Thinner layers of the lamellar kind 
alternating with others with a vesicular structure.

Fig. 4. Gryphaea cymbium (Liassic). Vertical, concentrical section. The crossed lamellar 
structure.

Fig. 5. Nucula nitida (recent). Vertical, radial section; an upper, composite prismatic layer 
and a lower one, nacreous.

Fig. 6. Nucula similis (Eocene). Horizontal section through the composite prismatic layer 
showing the feathery arrangement.
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PLATE III

Fig. 1. Astarte Reimersi (Miocene). Uppermost the crossed lamellar layer, getting more and 
more indistinct downwards; below, the prismatic layer.

Fig. 2. Durga crassa (Jurassic). Vertical section. The complex layer with thicker, prismatic 
and thinner, complex crossed lamellar layers.

Fig. 3. Isocardia Forchhammeri (Miocene). Vertical section. An lipper, homogeneous, and a 
lower complex crossed lamellar layer with distinct prismatic arrangement.

Fig. 4. Chama sp. (recent). Vertical, radial section. The upper part is formed of the crossed 
lamellar layer with the lamellæ strongly reclined upwards. Below is seen a prismatic 
part of the complex layer.

Fig. 5. Chama sp. (recent). Vertical, concentrical section. The upper part is formed of the 
crossed lamellar layer. Downwards we see the complex layer with irregularly formed 
inclusions of a complex crossed lamellar structure in a prismatic ground mass.

Fig. 6. Biradioliles cornu pastoris (Middle Cretaceous). Section normal to the walls which 
here form a network; one of the tabulae is cut in a flat section. Enl. 1:33.
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PLATE IV
(Enlargement 1: ca. 35).

Fig. 1. Biradiolites cornu pastoris. Section normal to the tabulae, the linely prismatic struc­
ture of which is distinctly seen.

Fig. 2. Radiolites radiosus (Turonian). Section normal to the tabulae and almost parallel to 
the walls, some of which are cut in Hat section; their finely prismatic structure is 
seen.

Fig. 3. Radiolites radiosus. Section normal to the tabulae and to the walls.
Fig. 4. Sphaerulites cylindricus (Turonian). Section normal to the walls and almost parallel 

to the tabulae, one of which is seen in Hat section.
Fig. 5. Biradiolites foliace-alaeformis (Cretaceous). Section normal to the walls, which are 

here badly developed, and lo the thick tabulae, each of which consists of an upper, 
finely grained, dark, upper layer and of a lower one, finely prismatic.

Fig. 6. Biradiolites pseudo-cornu-pastoris (Turonian). Section normal to the walls and to the 
tabulae, the two layers of which are distinctly seen.
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PLATE V

Fig. 1. Biradiolites pseudo-cornu-pastoris. Section normal lo the walls and almost parallel to 
the tabulae one of which is cut in a Hat section; the two layers of it are seen. Enl. 1 :35.

Fig. 2. Hippurites organisans (Senonian). Type of the compact, finely prismatic structure of 
this genus.

Fig. 3. Lucina sp. (recent). Vertical, radial section showing the upper, composite-prismatic 
layer and the middle one, crossed lamellar.

Fig. 4. Lucina sp. (recent). A horizontal section of the crossed lamellar layer showing the 
characteristic rhomboidal arrangement of the lamellæ. Nicols crossed.

Fig. 5. Lucina sp. (recent). Horizontal section of a complex crossed lamellar layer showing 
a very irregular arrangement of the elements.

Fig. 6. Lardium echinatuin (recent). Vertical, radial section of the crossed lamellar layer; 
the lamellæ are vertical downwards while upwards they become reclined and then 
very indistinct with a feathery arrangement.

Fig. 7. Cardium edule (recent). Horizontal section of the complex crossed lamellar layer 
showing a spherolitic structure. Crossed Nicols.
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PLATE VI

Fig. 1. Tapes pullastra (recent). Vertical, radial section; the upper layer is composite-pris­
matic, the lower one is homogeneous.

Fig. 2. Cylherea incrassala (Miocene). Vertical, radial section. The crossed lamellar layer 
downwards passes gradually into the homogeneous one; upwards the lamellæ become 
strongly reclined, then almost horizontal, and upwards reclined once more.

Fig. 3. Cy/herea s/>. (recent). Vertical, radial section. The crossed lamellar layer; the lamellæ 
are reclined downwards; upwards they become horizontal and at last inclined, ob­
taining, in this way, a feathery arrangement.

Fig. 4. Cyrena sumatrana (recent). Vertical, radial section. We see an upper, crossed lamel­
lar layer, and a lower one, of the complex kind; it consists of very thin, prismatic 
layers and of thick, complex crossed lamellar ones, partly with a prismatic arrangement.

Fig. 5. Tapes pullastra (recent). Vertical, concentrical section. Undermost we see the homo­
geneous layer, uppermost the composite prismatic one, the prisms of which are cut, 
in the middle part, normally, but upwards and downwards more and more obliquely.

Fig. (). Donax viltatus (recent). Vertical, radial section. The upper part is formed of a com­
posite prismatic layer, and under that there is a thin, crossed lamellar layer and 
small parts of an undermost, homogeneous one.
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PLATE Vil

Fig. 1. Donar vittatiis. Vertical, concentrical section. Above we see the cross sections of 
the prisms of the 1st order of the composite prismatic layer; the two lower layers 
are very indistinct.

Fig. 2. Tellina calcaría (recent). Horizontal section of the crossed lamellar layer showing a 
not very distinct, rhomboidal arrangement.

Fig. 3. Tellina calcaría. Horizontal section of the complex crossed lamellar layer, showing 
irregular cross sections of the prisms.

Fig. 4. Lutraria sp. (recent). Horizontal section of the complex crossed lamellar layer with 
a distinct spherulitic structure. Crossed Nicols.

Fig. 5. Ervillia podolica (Miocene). Horizontal section. The black parts to the left show the 
lower, homogeneous layer; above that we see, in the central part of the ligure, the 
crossed lamellar layer, as usual with the lamellæ orientated in the concentrical 
direction. To the right we see the upper, radially prismatic layer.

Fig. 6. Solenomya sp. (recent). Horizontal section, showing the peculiar, cellular structure; 
the cell walls are gradually becoming thinner in the lower part of the figure which 
is, at the same time, the under layer of the shell.

Fig. 7. Zirphaea críspala (recent). Horizontal section of the crossed lamellar layer showing 
a very distinct rhomboidal arrangement.
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PLATE VIH

Fig. 1. Dentalium Bouei (Miocene). Vertical, transverse section. Between upper and lower 
sub-layers we see, in the main part of the shell, the crossed lamellæ.

Fig. 2. Dentalium Bouei. Vertical, longitudinal section. Here the lainellæ of the 1st order are 
seen in transverse sections.

Fig. 3. Dentalium Bouei. Horizontal section of the main layer. The lainellæ of the 1st order 
here show rhomboidal figures, otherwise characteristic of the bivalves.

Fig. 4. Chiton sp. (recent). Vertical, transverse section (in relation to the animal), showing 
the two layers designated as a and c in the text (p. 67); the intermediate layer, b, is 
not developed in this place.

Fig. 5. Chiton sp. (the same as fig. 4). Horizontal section of the crossed lamellar layer show­
ing the very fine and regular lamellæ specific to the Amphineura.

Fig. 6. Bellerophon sp. Vertical section. This single species, from the Ordovician of Bornholm, 
is divergent from other species of B. and from almost all other shells in that it 
consists of regularly lamellated calcite.
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PLATE IX

Fig. 1. Subeinarginiila sp. (recent). Vertical, transverse section. Shows transitions from the 
crossed lamellar structure to a more regularly lamellated one.

Fig. 2. Ilaliolis sp. (recent). Vertical, longitudinal section. The upper, homogeneously grained 
layer is here quite intransparent ; the lower layer is the nacreous one.

Fig. 3. Ilciliolis sp. (recent). Vertical, longitudinal section, between the two, aragonitic layers 
a prismatic, calcitic layer is seen.

Fig. 4. Turbo tuber (recent). Vertical, longitudinal section. The upper, dark layer is homo­
geneous and at the same time grained and prismatic; the lower layer is nacreous.

Fig. 5. Phasianella bullinoides (recent). Vertical, longitudinal section. The upper layer is com­
plex prismatic, the middle one is crossed lamellar with peculiar zigzag ligures; the 
lower layer is finely prismatic.

Fig. 6. Phorus agglutinons (recent). Horizontal section showing rather regular laniellæ of the 
crossed lamellar structure.

Fig. 7. Nerilina concava (recent). Vertical, longitudinal section. An upper, very thin, calcitic 
layer, and a lower one, aragonitic, crossed lamellar.
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PLATE X

Fig. 1. Nerita políia ('recent). Vertical, longitudinal section. The upper layer is calcitic, pris­
matic, the middle one is aragonitic, crossed lamellar, with dark lines of growth. The 
lower layer is aragonitic, complex crossed lamellar.

Fig. 2. Patella /luctuosa (recent). Vertical, radial section. Upwards, to the left, is seen the 
calcitic, foliated layer, downwards, to the right, there is a complex crossed lamellar, 
aragonitic layer.

Fig. 3. Acmaea virgínea (recent). Vertical, radial section. An upper, exceedingly thin, calcitic 
layer. Of the two aragonitic layers the upper one is prismatic, the lower one is 
crossed lamellar.

Fig. 4. Patella bauia (recent). Vertical, concentrical section. An upper, calcitic, crossed lamel­
lar layer with concentrical lamellæ; next is seen an aragonitic, crossed lamellar 
layer with radial lamellæ. The undermost layer is prismatic and aragonitic.

Fig. 5. Patella bauia. Vertical, radial section. The same three layers as described above are 
seen.

Fig. (>. Litorina litorea (recent). Vertical, longitudinal section. The lipper layer is calcitic, 
prismatic. Of the aragonitic, crossed lamellar layers are seen the 1st, which is trans­
versely lamellated, and the 2nd, longitudinally lamellated.
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PLATE XI

Fig. 1. Pileopsis cornii-copiae (recent). Horizontal section. The 2nd, concentrically lamellated 
layer, and the 3rd one, radially lamellated are seen. Crossed Nicols.

Fig. 2. Natica sp. (recent). Horizontal section. To the left is seen the 1st, transverse layer, 
and to the right the 2nd, longitudinal.

Fig. 3. Ampullaria sp. (recent). Horizontal section. The same two layers are seen. (Tossed 
Nicols.

Fig. 4. Paludina sp. (recent). Horizontal section. All three layers are seen; the two under­
most, in the middle and to the right, have orientations which deviate from the 
normal ones. Crossed Nicols.

Fig. 5. Janthina sp. (recent). Vertical, longitudinal section. The upper layer is irregularly 
grained, calcitic, the lower one is aragonitic, crossed lamellar, with transverse lamellae.

Fig. 6. Scalaria sp. (recent). Vertical, transverse section. The same layers as in Janthina; the 
calcitic layer is irregularly prismatic.

Fig. 7. Aporrhais speciosa (Oligocène and Miocene). Horizontal section of the three layers.
Fig. 8. Aporrhais speciosa. Horizontal section of a part of the shell a little to the right of 

that shown in fig. 7. The third layer is divided into two sub-layers.
Fig. 9. Cassis sp. (recent). Vertical, longitudinal section, showing the very régulai' lamellæ of 

the 1st transverse, and the 2nd, longitudinal layer.
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PLATE XII

Fig. 1. ('.assis sj). (recent). Horizontal section of the 1st layer. Crossed Nicols.
Fig. 2. Cassidaria nodosa (Oligocène). Vertical, transverse section, showing the three layers. 
Fig. 3. Buccinum undatum (recent). Vertical, longitudinal section. The upper layer is irre­

gularly prismatic; below this are seen the 1st and the 2nd of the ordinary, crossed 
lamellar layers.

Fig. 1. Massa sp. (Eocene). Horizontal section showing the ordinary three layers with a very 
regular orientation. Crossed Nicols.

Fig. 5. Purpura recia (recent). Horizontal section. The laniellæ of the third layer have a very 
abnormal orientation. Crossed Nicols.

Fig. (i. Purpura lapillus (recent). Vertical, transverse section. The upper layer is irregularly 
prismatic, calcitic. At the under side is seen the first, crossed lamellar, aragonitic layer.

Fig. 7. Murex sp. (recent). Vertical, transverse section. Four layers are seen, the 1st one with 
longitudinal lamellæ.

Fig. 8. Voluta sp. (recent). Horizontal section. The ordinary three layers the 3rd of which 
is composed of two sub-layers. Crossed Nicols.
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PLATE XIII

Fig. 1. Harpa sp. (recent). Horizontal section. The ordinary three alternating layers the 3rd 
of which is divided into two sub-layers. Crossed Nicols.

Fig. 2. Tenlaculites sp. (Silurian). Longitudinal section of two individuals, showing, rather 
indistinctly, the foliated, calcitic structure.

Fig. 3. Helix nemoralis (recent). Horizontal section showing the five alternating layers with 
rather irregular orientations; the first one, which is rather indistinct in the figure, 
has longitudinal lamellæ. Crossed Nicols.

Fig. 4. Pupa uva (recent). Horizontal section. The same five layers; the 1st, longitudinal 
one is also rather indistinct here. Crossed Nicols.

Fig. 5. Nautilus pompilius (recent). Vertical section. The upper, black layer has a grained 
consistency; thereafter follows a thin, complex prismatic layer, and the broad, under­
most layer is nacreous.

Fig. 6. Nautilus pompilius. Horizontal section. Upmost is seen the grained layer gradually 
passing into the prismatic one; the lower part is the nacreous layer.
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PLATE XIV

Fig. 1. Alaria Basteroli (Oligocène). Vertical section. The upper layer is nacreous, with in­
clusions of pyrite; under that is seen a prismatic layer and, under that, part of a 
thin, nacreous layer.

Fig. 2. Harpoceras opalinam (Middle Jurassic). Vertical section. The upper, dark layer is 
nacreous, the lower, very thin one is prismatic.

Fig. 3. Cadoceras Elatinae (Middle Jurassic). Vertical section showing the same two layers; 
the septum consists throughout of a nacreous substance.

Fig. 4. Cadoceras Elalmae. Vertical section. Here are seen several, thin, prismatic layers.
Fig. 5. Cladiseiles lómalas (Triassic). Vertical section. The shell is totally altered into cal­

cite, and the structure is the typical secondary one showing twin-lamellæ which are 
never seen in the primary shell substance. (Tossed Nicols.

Fig. 6. Apiychus .s/>. (Senonian). Vertical section. Type of the compact, irregularly prismatic 
structure. Crossed Nicols.

Fig. 7. Aptychas sp. (Cretaceous). Vertical section. Type of the cellular structure.
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PLATE XV

Fig. 1. Aptychus sp. (the same as shown in pl. XIV, fig. 6). Horizontal section.
Fig. 2. Belemnitella mucronata (Senonian). Cross section of rostrum. Type of a very regular 

prismatic structure with regular extinction. Crossed Nicols. Enlargement 1:19.
Fig. 3. Belemnites parvus (Liassic). Cross section of rostrum. Type of irregular prisms with 

irregular extinction. Crossed Nicols. Enlargement 1:1!).
Fig. 4. Spirula sp. (recent). Vertical section. The outer shell is prismatic, the septum is na­

creous.
Fig. 5. Sepia sp. (recent). Section through the external wall, showing an irregular, prismatic 

structure, and through part of the spongy body. Two of the lamellæ are cut, and 
some of the rods, showing a characteristic transverse striation, due to foldings of 
the leaves.

Fig. 6. Sepia sp. (recent). Section of the spongy body nearly parallel to the lamellæ one of 
which is cut in a liai section in the lower part of the figure. The meanderlike figures 
of the rods are seen.

Fig. 7. Argonauta argo (recent). Vertical section of the external shell showing a thin, grained 
layer between two prismatic ones.
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