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9. OJ~ SACCU~M.~tIXA CARTEir BI~D]', and the MI~UTE STRUC- 

TURE of  t]/e FOR..tMI~'IFERAL SHELL. By Prof. WILLIA)~ 

JOHnSO.X SOLL~S, Sc.D., LL.D., F.R.S., F.G.S. (Read 
Februaa T 23rd, 1921.) 

[PLATE VII.] 

THiS remarkable foraminifer, which contributes so largely to the 
formation of some of our Carboniferous Limestone beds, was first 
described by H. B. Brady in 1871, ~ and assigned bv him to the 
existing arenaceous genus ,S'accammina (Sars2). H;[s views on its 
structure and taxonomic aitlnities have been accepted without  
question by all subsequent writers, and arc embodied in our text- 
books on paheontology. Brady himself, however, was evidently 
puzzled by certain features presented by the structure of the shell : 
thus, in his latest description, 3 after stating that  the shell is 
compact and arenaceous with a nearly smooth exterior, he remarks 
(p. 60) of the interior surface that  i t  

:varies a good deal in different specimens,' sometimes being ' smooth or 
roughened only by the projecting angles of the constituent sand-grains land 
at others] covered with a network of short delicate labyrinthic growths.' 

Of the minute structm'e of the shell he finds it 

' difficult to speak in positive terms, owing to peculiar conditions of infiltration.' 

Finally, he calls at tention to certain 

' minute circular scars, too frequent and uniform not to have a meaning, [and 
suggests] .. that they may result from the repair of an injury to the test.' 

As a specimen of the SaccccmmiJ~a Limestone, from the classic 
locality of Elfhills in Nor thumber land ,  crowded with remains of 
this organism, forms part of the teaching collection in the Uni- 
versity of Oxford, it devolved upon me to make myself familiar 
with its structure. My examination led me to recognize the fidelity 
of Brady's description, and at the same t ime to find an explanation 
for what  had seemed anomalous. Whether  the fossil is to be 
classed with arenaceous forms or not is a ditficult question, which 
will be considered later. 

Weathered specimens, on which Brady's description seems chiefly 
to h~ve been based, show the labyrinthine structure to which he 
refers very clearly, and as well the circular ' scars '  on the exterior. 
The latter may be recognized at a glance as the familiar 'beekite, '  
tha t  form of chalcedony which, owing to its mode of growth, and 

1 H. B. Brady, 'On Saccammb~a Carteri' Ann. & Mag. ~Nat. Hist. ser. 4, 
vol. vii (1871) p. 177. 

2 S. Sars, ' Fortsatte Bema~rkninger over det Dyriske Livs Udbredning i 
Havets Dybder' Vidensk. Selsk. Forh. 1868, p. 248 ; 1871, p. 250. 

:3 H. B. Brady, 'Carboniferous & Permian Foraminifera' PMmont. Soc. 
Mouogr. 1876, pp. 56-61. 
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perhaps colloidal origin, assumes the rounded contours of organic 
form that  have proved misleading to more than one distinguished 
observer. I11 this case it is responsible, both for the ' scars '  and, 
as we shall see directly, for the labyrinthine structm'e. 

The isolated chambers of the fossil, 1-arelv connected together, 
are  thickly scattered through the limestone, so tha t  if the minerals 
now filling their interior were removed the rock would be rendered 
highly vesicular, in some cases as much as from a third to a half of 
its volulne wouhl then be occupied by clnpty space. 

An examination of thin slices under the microscope reveals con- 
siderable diversity in the minenfi ehanges which have followed on 
the death of the animal. 

In the best-preserved examples the wall of the chamber is a very 
thin calcareous shell of uniform thickness, 1,resenting a smootil 
surface both within and without. I t  consists of an irregular 
mosaic of minute calcite-crystals, which by its comparative purity 
and transparency, in striking" contrast witl'{ the dark dusty aplyear- 
ante of the sm'ronndin,.l," matrix, is well defined on the exterior. 
On the interi,w also, it is well defined, partly by washed-in ma t r ix - -  
which in rare examples completely fills the test, 1,ut is lnorc 
nsually present ,,nlv in patches-- ,  partly by a growth ,ff very lnilmtt, 
ealeite-crystals, wl]ich are often more nearly e,~lom'less {han the. 
wall, but al~pear darker in mass owing to" their more al,undant 
interspaees and in consequence the greater loss of li.,..,ht 1,v internal 
reflection. In s~,me cases it thin laver (,f black CRl"i)ollaec~,us 
granules with associated granules ,,f ir,~n pyrites lies next the il~ncr 
surl~lcc, and marks it off in bolder outline (P1. VII,  figs. 10, 131. 
L. l l lmmlder t Iv.is called attention to the presence ~,f gmnu!cs 
of pyrites in the chambers of the recent species of ,b'r, ccammi i~r  
(S. ,r as well as of sevmal species of l>evf, mtte forms, and 
remarks that  it may sometimes be seen in the dccoml)OSina" 
streode still present 'in the ehaml~ers of dead fm'alninit'ent. He 
explains its formation as due to the reduction of ferrmls sulphate 
by organic m:ttter. This view is in harmony with tl:e intimate 
association ,,f earb,,nace,ms matter  and pyrites in our specimens. 

Owing to th,: excellent definition of the boundary of the chamt,er- 
wall on both sides, its thickness may be measured'with eonsideml,le 
accuracy. This amounts in the great majority of cases to {)0~ 11111|. : 
but it may be less, sometimes falling to 0"02 ram. : or it may t,e 
mo,'e, as much ,,ceasionallv as 0"OS ram. 

Passin~ n~w t~, the n~inenll intilling of the chaml,er, we find 
that  in the siml,lest ease its cavity is completely occupied l~v a 
coarse mosaic ~,f calcite which has grown from the wall inwa,'ds. 
Some of the crystals of the fine mosaic which forms the wall 
have shared in tiffs secondary growth, and project inwards a little 
beyond the inner boundary, which thus a.~sumes an appea1,~nce 

i ' Beitriige zur Kentniss der Rhizopoden, II.' Zeitsehr. f. Wissensch.  Zool. 
vol. lgii (1894) pp. 433-617 ,  in particular p. 571. 
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that has been mistakenly supposed to indicate an arenaceous 
structure. That this is a secondary character which did not exist 
during life, but was subsequently acquired, is shown in some eases 
by the presence of a thin-dark line which sharply separates the 
litter growth from the original mosaic of the test: but, even 
without this evidence, the mode of growth of the seconda W crystals 
suftieiently reveals its true nature. 

In the next ease quartz contributes to the in filling of the chamber 
(Pl. VII, figs. 9, 12). The mosaic of calcite extending inwards from 
the wall may fail to reach the centre, leaving a larger or smaller 
space which is then filled with quartz, sometimes, as seen in sections, 
by a single mTstal , sometimes by a mosaic. 

Usually, when quartz is present, it is accompanied by chalcedony 
(P1. VII, figs. S, i4)  which first attacks the wall of the chamber, 
often completely replacing the lnosaie of calcite, and then extends 
for a greater or less distance inwards. Where it invades the wall, 
its fibres start from eentres on the inner boundary and radiate out- 
wards; where it fills the interior, its fibres also originate in centres 
on the inner boundary, but radiate inwards. This inward growth 
evidently proceeded rhythmically, zones of chalcedony alternating 
with zones of quartz, in the fashion so familiar to us in agate: 
in some instances as many as seven of these zones may be countet 
in a deposit 0"6 ram. thick. 

The chalcedony may be readily distiqguished from the quartz in 
ordinary light, partly)~y its fai~t yellowish-brown tint (the quartz 
being absolutely colourless), ant[ partly by its finely granular 
appearance and less perfect transparency. But it requires polarized 
light to reveal the minute structure of the chalcedony in all its 
be~tutv. 

In solne cases the outer third of a chamber may be filled with 
chalcedony, the middle third with calcite, and the central region 
with quartz: or the outer zone may be formed by an inter- 
penetrating growth of chalcedony and calcite, and then we have the 
labyrinthine structure described 'by Brady) 

in the light of this explanation it is interesting to read 
l{hmnbler's e account of a labyrinthine structure in the wall of a 
living species (~Vodosinellct .c/atesiea), which he regards as com- 
parable with that of Saeeammina ea~'te~'i. 

In concluding this description I may call attention to the 
abundant presence in the Saceammina Limestone of thin bands of 
calcite mosaic, curved in circular arcs, which by their structm'e, 
thickness, and radius of curvature may be recognized as fragments 
of the chamber-wall. Thus the organism has contributed far 
more to the substance of the limestone than would be concluded 
from observation of the unbroken chambers alone. 

1 H. B. :Brady, o19. cir., see in particular pl. i, figs. 5 k 6. 
L. Rhumbler, 'Die Foraminiferen der Plankton-Expedition' Ergebnisse 

der Plankton-Expedition der Humboldt-Stiftung, vol. iii, pt. 2 (1913) p. 452. 
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We have now to consider the systematic position of the fossil. 
Tile complete mineralization which it has undergone seemed to 
render it doubtful whether tile existing structure of tile wall could 
be considered original, or whether it might  not be due to a post- 
~wrtem molecular rearrangement ; and this led me to doubt whether 
it was ever arenaeeous, and consequently whether it had any claim 
to a close alliance with SaecammiJm spheerica, such as is generally 
a s s u l l l e d .  

I t  became necessary, therefore, to search in the first place for 
some criterion by which the pel~fol,-ate and imlx~rfol"ate foraminifera 
might  be distinguished one from the other when oeem'ring in the 
fossil state. I was thus led to investigate the minute structure of 
their shell, and succeeded in obtaining some results, which, though 
by no means exhaustive, seem to be of sufficient interest to be 
il~trodueM here. As a preliminary, I ought to remark at  once 
tha t  there is no difference in the n]ineral composition of the two 
kinds of shell: it consists both in Perforata and hnperforata  ~,f 
calcite. The statement, for which I am responsible, tha t  the shell 
of the Imperforata consists of aragonite is el'r.neous ; it was based 
on dctermination~ of specific gravity,  which, though correct in 
themselves, were made on specimens eontainin,,,, fo,'eign matter,  the 
presence of which was not suspected at  the time. 

Dr. J .  J .  Lister was the first to establish the true nature of the 
minenfl present in the hnperfol~te shell ; he found that  the shells 
of both Perfomta and Imperforata give the well-known calcite 
reaction with cobalt nitrate. I have repeated his experiments with 
the same result, and have obtained fur ther  confirmation 1,v treat- 
ment with ammonium ferrous sulphate. As these tests, t~owever, 
are not always decisive, 1 renewed observations were made on the 
specific glavity of the shells both of the Perfomta and hnperforata,  
using for the former some Globiqe~'ii~a ooze, rich in Orb~ll/~a, 
which was dredged by the 'Chal lenger '  from 1990 fathoms in 
lat. 20 ~ i7 '  S., long. i4  ~ 2' ~V. Fln. was freed from fine powder 
by washing in water, dried, and placed in a diffusion-column. The 
Globi.qeriJm and Orbtdina g~ve results of no value, owing to 
the presence of ilnpurity, probablr argillaceous mat ter ;  but ~n 
tl~e OJ'b~di~w being crushed swan{is of young Globiq~.riJm were 
set free ; they were clear, eolourless, and t'i~nsparent, and floated in 
a zone of specific gravity raz~ging from 2"71~ to 2"706. 

For the Imperforata,  Orbitol/les from the sands of Funafut i  
were selected. After  being dried at  I00  "~ C. they were ground to a 
faMv fine powder in an agate mortar,  and placed in a diffusion- 
eolu;m~ where they formed a dense zone of lnean specific gravity 
2"72-t; but many fine particles and some coarser fl~gments 
extended upwards to 2"6.5, and a smaller quantity downwards to 
2"86 or more. 

I f  we take the specific gravity of the zone as a basis, and assume 
the presence of o r p h i c  mat ter  :to the extent of 1"4 per cent., as in 

1 J .  Johns ton ,  H.  E. 5Ierwin,  & E.  D. V,~illiamson, ' The  Several  Fo rms  of 
Calcium Carbonate  ' Amer.  Journ.  Sei. ser. 4, vol. xli (1916) p. 478. 
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conchite, with a specific gravity of 1"4 we may calculate the specific 
gravi ty of the purely mineral ingredient. I t  comes to 2"742. 
Bu t  the published analysis of Orbitolites shows tha t  98"27 per cent. 
of this ingredient consists of 9"55 per cent. of magnesiuln carbonate 
and 88"72 per cent. of calcium carbonate, and thus its specific 
gravi ty  should be 2"742. That  this number should be identical 
with the preceding is an accident, since no account has been taken 
of the traces of alumina and iron peroxide present in the shells; 
but  the agreement is sufficiently in harmony with Dr. Lister 's  
conclusion founded on a chemical method. 

A more fundamental  difference between the Perfolate  and the 
Imperforate shell is provided by the minute structure of its wall. 

I t  is well known tha t  the wall in simple forms of the Perforata 
is found, when examined between crossed nicols under the micro- 
scope, to consist of rods of calcite arranged with their  principal 
axes directed parallel to the pore-canals: tha t  is, with their optic 
axis normal to the surface, so tha t  a spherical chamber, such as 
occurs in O~'bztliJ, a or Globt~erina, may be regarded as built  up of 
prisms, each with its optic axis corresponding to a radius of the 
sphere. Hence, between crossed nicols, i t  presents a dark, well- 
de filled cross which remains stationary on rotation of the stage 
of the microscope, t A petrologist m{ght regard i t  as a hollow 
spherulite. Tha t  the optic axes lie normal to the surface is shown 
by the optical sign which, as S. Awerinzew 2 was the first to show, 
is negative. 

In the most complicated forms of the Perforata, such as Num- 
mulites, the fundamental  skeleton is constituted according to the 
same law, and this is true also of Calcarina and Tinopor~s, but I 
am unable to speak in detail of the supplemental skeleton, which 
requires fur ther  examination. 

The Perforate structure generally survives the changes which 
accompany fossilization, and it  frequently but  not always de- 
termines the crystallographic orientation of the calcite which is 
deposited within and around the test after death, s Simple forms 
then present the dark cross as plainly after fossilization as before. 

1 It may be observed in passing that coecoliths (Diseoliths and Cyatho- 
liths) when examined in this way also give a dark cross; the arms of the 
cross are, however, not always straight, but frequently curved in a manner 
suggestive of a slightly spiral arrangement. The illuminated segments 
between the arms contrast by their brilliance with the dark field of the micro- 
scope. Advantage may be taken of this fact when one is searching for 
coccoliths dispersed through fine sediment. 

' Ueber die Struktur der Kalkschalen Mariner Rhizopoden' Zeitschr. f. 
Wissenseh. Zool. vol. lxxiv (1903) p. 478. 

s It is not only among the Perforate Foraminifera that the molecular 
structure of the skeleton persists throughout fossilization, and dominates that 
of any subsequently-deposited calcite. The spicules of a calcareous sponge 
(which are composed of calcite), when placed in a solution of dihydric calcium 
carbonate, become covered with a growth of calcite which crystallogTaphically 
is merely an extension of the original spicule. The ossicles of Echinoids 
furnish a more familiar example. 
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T h e  striking difference ill the outward appearance of the Per- 
forate and the lml)erfomte shell is due to an equally striking 
difference in their minute structure. 

The structure of the Imperforate shell is, however, b3" no means 
what is generally supposed. As seen by ordinary light under the 
microscol)e a thin section of such a form~ Orbitolites, for instance, 
presents much the same al~peamnce as chitin, and it was quite 
natural that the earlier observers should have concluded that the 
shell consists of a basis of this substance iml)regnated with 
carbonate of lime. 

On decaleifieation with dilute acid an organic re.~idue is obtained 
which retains the form of the shell. I t  consists lnost obviously of 
a delieate membrane or cuticle, which lines the walls of the 
chambers and invests the interior of the shell. In ordinary 
circumstanees nothing more is visible ; but, with al~propriate treat- 
ment--staining with methylene blue--a delicate network is 
revealed, which extends throt{gh the substance of the shell from the 
lining membrane on one side to that on the other. This was first 
shown by F. Sehaudinnl in his study of CMeitt~ba, and sub- 
sequently by. S. Awerinzew ~ in Peneroi)lis and .lIiliolina. Con- 
firmatorv observations were afterwards made by F. \V. Winter. a 
Stress has been laid bv those authors on the facility with which 
this network may escape observation. This ae~ords with mr  own 
experience. Some specimens of Orbitolites from Fiji,* ga;dlered 
fresh from fron:ls of seaweed and preserved in the dried state, were 
slowly decalcified, stained with borax carmine, and cut in serial 
transverse sections 6 t, thick. The protoplasm of the chambers 
was shown deeply stained and surrounded b S the lining membrane, 
which was also stained, but less deeply. The place previously 
occupied l,v the calcareous skeleton, however, seemed to be empty 
of all but 1;alsam. The sections were then treated with methylene 
blue, which at once revealed the presence of a tlne network in the 
apparently emt,ty space. 3Iy friend Prof. (loodrieh, who applied 
this stain for me, then treated the sections with Stel~hens;s blue- 
black ink, which rendered the network remarkably conspicuous. 

On the other hand, specimens of Jliliola, gathered from Coral- 
lines at Lvme Regis, ldlled with corrosive sublimate and preserved 
in alcohol: showed after similar treatment scarcely a trace of the 
intraskoletal network, although the lining membrane was well 
displayed.~ 

I ,Untersuchungen an Foraminfferen : I--Calcit~tba polymorl)ha Roboz' 
Zeitschr. f. Wissenseh. Zool. vol. lix (1895) p. 219. 

'Ueber die Struktur der Kalkschalen Mariner Rhizopoden' Zeitschr. 
f. Wissensch. Zool. vol. lxxiv (1903) p. 478. 

:; 'Zur Kenntnisu der Thalamophoren' Archiv fiir Protistenkunde, vol. x 
(1907) p. 41. 

4 My best thanks are due to my friend; Sir Sidney Harmer, for the gift of 
these and other specimens. 

s I am indebted for this and many other specimens to the generosity of my 
friend, Dr. J. J. Lister. 
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Of the existence of an intraskeletal organic network there can, 
however, be no doubt; but the amount of material that it contri- 
1)utes to the skeleton is comparatively small, and it would be 
scarcely appropriate to speak of it as an organic basis, although 
this term may be conveniently employed to designate the skeleto- 
genous layers: that is, the lining membrane and included network 
taken tog~ether. 

Attempts made to determine the specific gravity of the organic 
residue by means of a diffusion-column were met by unexpected 
difficulties: the substance of this residue was apt to swell up, to 
become ' s t i c k y '  and lose its consistency, and the results which 
were obtained were so divergent as to be of no scientific value, 
except as showing that the organic basis of the shell cannot be 
chitin: but this was already known, for Awerinzew in a ~'ery 
valuable paper has not only st~own that  the basis cannot be chitin, 
but has referred it to the albulninoids 1 and indeed identified it as 
a keratin.e He also calls attention to the fact that the properties 
of keratin, as of all albuminoids, are affected bv age, and thus 
furnishes an explanation of the unsatisfactory results which were 
obtained from my specimens, for they were none of them freshly 
collected, and some were re1 T old indeed. I t  may be of interest to 
add here that  an examination under the microscope of the organic 
basis afforded by these specimens revealed the presence of various 
impurities, in particular an abundance of minute diatoms of more 
than one kind. These were removed with fluorie acid; but this 
treatment caused the keratin to swell up more readily than before, 
and rendered hopeless any attempt to determil;e its specific 
gravity. 

Minu te  S t ruc tu re  of the I m p e r f o r a t e  Shell. 

When a thin section of O;'bitolites is exami~ed under a fairly 
high magnification, such as a No. 7 Fuess, a well-marked fibrillar 
structure is seen, the fibrils running more or less  concentrically 
round each chamber (P1. VII ,  figs. 1 & 3). This structure was 
first seen and figured by Rhmnbler 3 in specimens etched with 
picrie acid;  such prelirainary treatment is, however, quite super- 
fluous, for the structure is obvious enough without etching, provided 
that the sections are sufficiently thin. Rhumbler does not pursue 
the matter further, except to make the inapposite remark that  
his observation is confirmatory of Awerinzew's description of the 
crystalline structure of the shell. 

In horizontal sections of Orbitolites the chambers may be de- 
scribed as bounded distally by arches, and at the sides by the piers 
of these arches, which in turn rest on the crown of the arches of 
the zone next succeeding towards the centre. The proximal 

t S. Awerinzew, op .  c i t .  1903, p. 482. 
~" I d .  Mitt .  Zool. Star. Neapel, vol. xvi (1904) p. 349, in par t icular  p. 356. 
a , Die Foraminiferen der Plankton-Expedi t ion  ' vol. iii, p t  .1 (1913) p. 103 

& fig. 29. 
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boundary is completed by a lateral extension of tile bases of the 
piers on each side, or, when these fail to meet, by the confluence of 
the arches upon which they rest. Tile component fibrils run for 
the greater part parallel with the course of the piers and arches. 
In some regions, particularly near the base of the piers or pillars 
and in the upl)er or under wall of a chamber, the fibrillar is replaced 
bv. a minutely granular structure. 

In a vertical radial section 1)illal~ presenting characters similar 
to those just  described are also present ; but frequently several of 
them are confluent laterally ( tha t  is. in a vertical direction) to 
form a more or less contitmous wall to the vertically extended 
chambers, and frequently also several are aligned along a radius to 
form a radial strand. The component fibrils of the pillal~ main- 
rain the radial direction, and where the pillars of one zone meet 
those of another the ends of the fibrils are opposed along the line 
of junction. This line corresponds to the boundary between 
SUCCeSSIVe z o n e s .  

Examined between crossed nicols the primordial chamber pre- 
sents, like Globi!feriJm, a dark cross, but with broader arnls and 
more vaguely detined boundaries: in accoMance u ith this the 
optical sign is found to be positive, whence we may conclude that  
the optic axes of the constituent 'ealcit ic elements arc directed not 
radially but tangentially. 

The surrounding chambers have been studied bv Awerinzew 
(op. cir. 1903~, who states that  the radial walls (pillars) behave as 
positive uniaxial crystals arranged radiately to the centre, while 
the concentric walls'(arches and wall of annular canals) and hori- 
zontal walls behave as similar crystals tangential ly arranged:  
he adds, however, tha t  the subject requires further investigation. 

The actual structure of the shell is indeed far too complicated to 
be brought under so silnpte a generalization, and exception may be 
taken to the terms in which it is expressed : for, since all the evidence 
points to calcite as the only mineral component of the walls, an 
interpretation of their structure in terms of positive uniaxial 
crystals would seem to be precluded. 

The walls of the chambers, external to the central disc, do not 
exhibit a dark cross when exalnined between crossed nicols. Such 
figures as are observed vary in different speeilnens and different 
parts of the same specimel~s. In offering a description of one of 
the forms most commonly met with we shall suppose tha t  a 
horizontal section is so orientated on the stage of the microscope 
tha t  the axis of one of the pillars coincides with the vertical cross- 
wire of the eyepiece. The figure which is then seen consists of a 
vertical bar and two curved arms proceeding from it as shown in 
the diagram (fig. 1, p. 20:L and in the illustrations, P1. VII ,  
figs. 2, t ,  & 6). The vertical bar begins above, 1 at the junction 

The terms ' above" and ' below ' refer here only to tile image as seen in 
the microscope: relative to the organism they should be 'distal" and 
' proximal,' or : outer' and ' inner.' 
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of two adjacent arches, i t  then broadens out as it continues 
downwards through the underlying pillar, and finally narrows 
again as it  proceeds through the crown of the arch upon which 
the pillar stands. The curved arms are given off, one on each 
side of the base of the pillar, and follow the curve of the arch 
along its upper margin. On rotation of the stage these arms 
remain extinct ; and with a rotation of 45 ~ they form with their  
fellows in the same zone a continuous wavv band, which follows alI 
the undulations of the arches. 

In the vertical bar we have straight extinction of horizontal 
fibrils above and below and of vertical fibrils in the middle; in 
the curved arms the optic axes must be standing vertical to the 
plane of the section and transverse to the length of the fibrils. 

I t  may be observed fm'ther tha t  the dark areas in the figure 
just  described are not uniformly black, but  splashed by illmninated 
dots and dashes, and conversely the i lhuninated areas are speckled 
with dark dots and dashes: an appearance which indicates the 
existence of fibrils crossing the direction of their fellows, and as 
well of variously orientated granules. 

In this felt-like structure we find an explanation of the por- 
cellanous character of the Imperforate shell: the test is materially 
continuous but  optically discontinuous, or at  least heterogeneous, 
and the entering light, repeatedly refracted and reflected, loses 
itself in reverberations. Thus the shell is white for the same 
reason tha t  snow is white. So far as kenttin is present it will 
contribute to this effect. 

But, again, may not the honey-yellow colour seen in thin 
sections by transmitted l ight  be a related phenomenon, the effect 
of a turbid medium ? On this question being put  to my friend, 
Prof. Lindemann, he thought  it not unlikely, and suggested a 
comparison with the sky. Afterwards, when examining under the 
microscope one of my sections which had always puzzled me by 
appearing blue instead of yellow, I tried the effect of shading off 
the l ight  falling upon it from above. The blue then disappeared 
and the usual honey-yellow was seen by transmitted light. On 
cut t ing off the transmitted l ight and viewing it by. reflected l ight  
alone, the blue reappeared in greater purity. Thus the comparison 
would seem to hold, and the shell is yellow by transmit ted l ight  
for the same reason as the sky is blue by reflected light. 1 

I t  may next be asked whether particles sufficiently small and 
nmnerous to produce this effect are present in the substance of 
the shell. 

Here allusion may first be made to some observations by 
Awerinzew, who, after heating some Orbitolites for two or three 
minutes in a bath of fused potassium iodide (which melts at 

1 The phenomenon is a very common one ; I have observed it in chalcedony 
both before and after he~.ting to redness, to a less degree in gypsum similarly 
heated, and to a still higher degree in a film of balsam which had been spread 
on a glass slide and exposed to ~he act'on of fluoric acid vapour. 
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6;3-~ ~ C.), examined them under the microscope, and was then aide 
to observe a glolmlitic structure which he believed to be original; 
and he considered that  the interspaces between the globulites were 
originally occupied by the kenltin network previously described. 

Since calcium car))onate begins to decompose below 631: C. 
these conclusions seemed to be doubtful. I therefore prepared a 
thin slice (,f O~.bitolitex, and. af ter  making sure tha t  it clearly 
displayed the ehal,-aeteristie fibrillar structure, heated it for half ~t 
minute in molten potassium iodide. I t  was then freed from the 
potassium iodide, mounted ill balsam and examined under the 
microscope. The globulitie structure was fully displayed, but all 
traces of the original fibrillar structure had disappeared. This is 
suggestive of an artefact  ori,-in On the other hand, a t tempts  at  
measurement of the globulites on the one hand and the gnmules 
present in the original structure on the other showed a rather 
close approximation in size, the granules being slightly the 
smaller. 

Exact  measurement was impossible: in the first place the divi- 
sions in my eyepiece-micrometer were too widely spaced, and in 
the next it ~ was impossible to determine precisely the boundary of 
the object. One division of the eyepiece scale corresponded't,~ a 
length of 0"002:3 ram.. and the diameter of the glol~ulites was 
esthnated as ab~mt half of this, sometimes more, sometimes 
less. On the dark lield produced la" crossed nieols, however, the 
outlines of both granules and spicules is sharply defined, and their 
apparent diameter eouhl l~e preeisel F measured. I t  was estimated 
as one-fifth of a division, or 000046  ram., thus corresponding with 
the wave-length of blue l i g h t .  This is well within the limit of 
resolvability (0"00027) but beyond the theoretical limit of visi- 
bility. I t  may be a diffraction effect, as Prof. Lindemann points 
out ;  but, even so, it indicates the existence of such particles as 
theory requires. 

The light t~,nnsmitted l)v the shell is not a 1,ure yellow, howew~r, 
but tinged with brown ; and Prof. Lindemann suggests in explana- 
tion of this tha t  a certain amount of white light may be reflected 
by the larger gramfles, whence some resulting blac]iness, which, 
ailded to the Fellow, produces a brown shade. 

I t  now only remains to determine, with the aid of a quartz- 
wedge or a sel'enite-plate, the direction of the optic axes in rel;ttion 
to the fibrillw and their disposition in the substance of the shell. 
Numerous observations show that  in some cases the ol)tie axis is 
coincident with the length of a fibril, but in others it is as 
definitely transverse. 

The tlansverse direction is scarcely what we should expect in an 
elongated crystal of calcite, and suggests a comparison with that  
variety of this minm,nl which has been n a m e d '  lublinite.' This 
o c c u r s  a s  felt-like intergrowths of minute acicular crystals (not 
exceeding 0 0 2  ram. in length) with very oblique extinction, which 
Quercigh regards as rhombohedral er?stals greatly elongated 
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parallel to a set of edges. 1 Such a felt-like intergrowth occurs in 
the shell of Orbitoiites; but, in all eases in which I eould ac- 
curately observe the extinction of an individual erystal, it was 
found to be rigidly straight,  and thus no explanation is to be 
sought in this direction. I t  may be added tha t  the transverse 
direction of the optic axis has been determined in individu'd 
crystals. 

All difficulty disappears, however, when we recall tha t  we are 
dealing with organic products, the outer form of which may be 
eompletely independent of their crystalline structure. The spicules 
of ealeareous sponges offer an exeellent illustration. This was 
shown long ago in deseribing the phenomena of extinetion pre- 
sented by them e; and it may now be added that,  while the optie 
axis of a calcareous spicule which gives straight  extinction is in 
some eases directed parallel with the length, in as many ethers it 
lies transverse to it. 

Of the independence of crystalline strueture and organic form 
we shall 1)resently discover in ,S'i)irillil~a an equally interesting 
example. 

Star t ing now from the fundamental  fact  that  the optic axis is as 
often transverse to the axis of a fibril as it is longitudinal, I may 
proceed to complete the descrit)tion of the intimate structure of 
the shell, which is more complex and various than might  be sup- 
posed. I will commence with an account of the structure displayed 
in horizontal sections. 

In all cases almndant fibrils and granules occur throughout the 
structure with their optic axes directed perpendieularly to the plane 
of the section. They are espeeiall.v eoneentrated, however, in certain 
areas, as, for instanee, the layer ah'eady mentioned as giving rise to 
the curved arms of the blaek cross shown in fig. 1 (p. 20~). In some 
eases the erown of an arch is formed mainly of three layers, of 
which tha t  just referred to is the middle one separating an upper 
laver (a, fig. 2) in which the optic axes are, for the greater part, 
dil'eeted aeross the length of the fibrils (transverse optic axes), 
from a lower one (b, fig. 2) in which they coincide in direction 
with its length (longitudinal. optic axes3. 

Such an arrangement is, however, 1)v no means constant, or 
even predominant. The relation of the ol,tie axes to the fibrils 
seems indeed to be governed by. no rule. Tl~us sometimes, as re- 
presented diagrammatiea]l.v in figs. 3 & 4., the pillars consist mainly 
of fibrils with transverse optic axes, at  others, as in fig. 5, of fibrils 
with longitudinal optic axes, or again, as in fig. 4., of a core of 
fibrils with transverse optic axes surrounded by a wall of fibrils 
with longitudinal optic axes. Similarly, the floor of the chambers 

l j .  Johnston,  H. E. Merwin, & E. D. Will iamson, Ol). cit .  p. 538. 
W. J. Sollas, 'On the Physical  Characters of Calcareous & Sil iceous 

Sponge-Spicules & other Structures;  Sci. Proc. Roy.  Dubl in Soc. n. s. vol. iv 
(1885) p. 374. 
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Fig. 1.--Diaq~'ammatic ~'e]~i'ese~t- 
ration o)r }dlla~" standi,tff on 
the c;ol'~'n 07" an arch, showinq Fig. 2.--Diayram showiJ~g the 
the ~bri l lar st,"uclu,'e and th 'e  _prevalent di~'eetion of  the 
polarization-Sffure seen between optic axes. 
crossed nieols. (•  390.) 

Fig 3.--D:',ff~'am of the 
di,'ection of  the optic 
axes, in eases where the?/ 
a~'e ffelteJ'alhj tra~sve;se 
to the direction of  the 

j l  b res. 

Fig. -~.--A dia.qram similar to 
.fly. 3, but with the floor, c~s 
well as the roof of  the 
chambers, formed of  fibres 
with traasvei'se optic axes. 

Fig. 5.--Diaflram ~'ep~'esent- 
L]_tn.q the di,'ection cf  the 

optic axes in the section 
shown as a microi~hotocjraph 
i Jr Pl .  VII,  f j .  5. 

Fig. 6.--Diagram showing a 
common case of  complicated 
ar~'a~qement o f  the oi)tic axes. 
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is formed of fibrils sometimes with longitudinal optic axes (fig. 3), 
at others with transverse optic axes. How various the disposition 
of the axes may be is well illustrated by comparing figs. 3 & 
with fig. 5. 

Turning now to a radial vertical section, we meet with the same 
composite structure in all parts of the skeleton. In the fibrils of 
the pillars the optic axis is sometimes predominately longitudinal, 
bug just as often (or more often) transverse, and in the latter ease 
often perpendicular to the plane of the section. When transverse 
in the plane of the section it represents those fibrils with trans- 
verse axes which are cut across in a horizontal section, and when 
transverse perpendicular to the plane it represents silnilar fibrils 
which lie on the plane of a horizontal section. I t  is scarcely 
necessary to point out that a transverse optic axis may be 
orientated at  any angle in a plane at right angles to the leng:th of 
its fibril, and it is probable that  they are so orientated in pillars 
composed of fibrils with transverse @tie axes. 

The concentric walls in this as in horizontal sections are marked 
with a zone of a faintly lighter appearance than the surrounding 
structure when examined with ordinary light, and the)- are more 
brilliantly illuminated between crossed nieols. In very thin sec- 
tions they may sometimes be resolved into two layers, in one of 
which the optic axes are radial and in the other concentric. The 
former prob.~bly corresponds with the undulating band in hori- 
zontal sections which remains dark through a complete rotation 
between crossed nicols. 

I t  would appear from this very inadequate account that the 
direction of the optic axis stands ~ in no definite relation to the 
arrangement of the fibrils ; but, however unexpected this result may 
appear, it is, I believe, in general harlnony with the facts presented 
by many other organisms provided with a calcareous skeleton. I t  
finds additional illustration among the Bmehiopoda ; the shells of 
such species as I have examined (7'erebraDda maxillata, Or~ith- 
opsis diyo,~a, _Rh//,,chonella conci,,,,a, and Spir~ferina ~ealcotti) 
consist of fibres of calcite running side by side more or less parallel 
to the surface, and these, though in close juxtaposition, show an 
even greater independence in the direction of the optic axis than 
we have already met with in Orbilolifes : for in that organism fibres 
with similarly directed optic axes are associated in groups, while in 
the Brachiopoda there is no fellowship of this kind, each fibre is a 
law unto itself. 

We have now to consider other forms, and will begin with the 
Miliolidm. In young specimens of Spiriloc~diJm obtained from 
Funafuti (Sp. teJuKs ?) tile wall is remarkably thin, and so finely 
granular that  it requires a No. 9 objective (Fuess) to resolve it'; 
ill consequence it is transparent and ahnost eolourless, only faintly 
tinged with brown by transmitted light, and only just discernibly 
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bluish by reflected light. The granules for  the greater part  share 
in a common orientation with their optic axes tangential  to the 
wall, both in the embrvonal and in sueeeeding ehaml,ers. 

In large specimens of a ~]Iiliola from Lwne Regis the granula- 
tion is much coarser, and traversed by scarcely visible clearer 
streaks. Between crossed nieols these streaks are represented i~v 
extremely fine striations, very close and nmnerous, al ternateh ~ ligl{t 
and dark when inclined at  4~5: to the angle of general extinction, 
and following the course of minute tz,nnsvemeribs which run round 
the exterior of the shell. As these striations approach the line 
alon E which the wall of the chamber unites with that  of an 
adjacent chamber, they coalesce to form a nan'ow e(mtinuous band. 
The optic axes of tl~ose striations which are illuminated when 
inclined at  45 ~ to the angle of extinction are mostly transverse to 
the striations. 

In Pe~zerol)lis (P. i)erltts~ts)l the structure is in genel,~l finely 
granular. The primordial chamber gives a dark cross between 
crossed nieols, with the ol)tieal sign 1)ositive: the ol)tie axes must  
therefore lie tangentially. The ribs show straight extinction, and on 
rotation through 45 ~ from the position of extinction are at  maximum 
illumination; 1)ut the furrows between them show no change, 
remaining dark at all angles. Probably the wall below the furr,}ws 
is too thin to affect the light apln-eeial'~ly. Each rib extinguishes 
as a whole, and when on rotation it rest~res the light it is uniformly. 
illuminated from end to end, the granular appearance s,~ obvimls in 
ordinary light being then ahnost abolished. This is strongl.v 
suggestive of a continuous crystalline struetm'e. The direction of 
the optic axis seems to he subject to no law. In some specimens 
it is parallel to nearly~ every, rib, in others on the contrary transverse. 
In one and the same specimen it may be 1)amllel in s~mle zones alld 
transverse in others ; even in the same zone it may be 1)amllel in 
some ribs and transverse in the rest : and again in the same rib it 
may be parallel over one half of the length and transverse over the 
other. 

The set)tal planes are complex, usually 1)resenting three lavers- -  
a middle with the ,)I)tic axis parallel to the surface and two super- 
fieial layers with the optic axis transverse, or the direetion of the 
optic axes may be reversed. 

The structure of Cor,~ltspira (C. cc~'iJ~ata) is also tinel.v granular. 
The primordial ehaml~er and the immediatel)- surrounding whorls, 
owing to their thin walls and the absence of involution, can be 
examine~l under faMv high powers without an.v prel~al'ation beyond 
mounting in balsam. Between erossed nieols they give a well- 
marked cross, extending from the primonlial ehalnber outwards. 
The optic sign, observed in four specimens, is negative, and thus, as 
an exception to the general rule, the optic axes of the ervstalline 

t Here I desire to express my obl i~t ion to my friend, Mr. 1"2 Heron-Allen, 
F.R.S., who has helped me in many ways, especially by the gift of rich material 
for study, 
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particles must be directed radially. In the outer whorls this 
direction is often reversed, and the axes are tangential.  The thin 
walls of the outer whorls possess a structure which is best revealed 
with the aid of the selenite-plate: it appears as a fine transverse 
striation due to the al ignment of granules having the same optical 
orientation ; the optic sign may be longitudinal or transverse, more 
commonly transverse. Wi th  non-polarized l ight  the striation is 
but  faintiv suggested, though occasionally a single stria is sufficiently 
obvious. 

The marginal wall consists of a middle layer which forms the 
greater part, nearly the whole, having, in the outer whorls at  least, 
the optic axes tangential,  and two superficial layers, an inner and 
an outer, in which the optic axes are radial. The lines of growth 
are visible between crossed nieols, they curve obliquely forwards, as 
though the opening of the mouth were rostrate. Sometilnes a line 
of growth is emphasized by the extension along it  of the inner 
layer,  which may traverse the whole thickness of the wall and 
become confluent' with the outer layer. 

S/)i~'illina stands in remarkable contrast with the preceding 
forms; its shell is indeed fertile in surprises. I t  is and has long 
been regarded as a member of the Perforata, a position which 
its strangely vitreous character would suggest. As such I have 
always regarded it, and was therefore quite unprepared to find tha t  
it  might  be otherwise than i t  seems. 

The fine series of S])irillina, numerous in specimens and species, 
on which my observations are based, I owe to the generosity of 
Mr. Heron-Allen. 

I f  any of the forms of S2iri[lina are perforate, i t  is surely 
Sp. vicipaJ'a, in which the apparent 

Fig. 7.--Pseudoj)ores of  
Spiritlina vivipara .Eh ten bevy. 

[Some end Mthin the w~ll, others 
extend beyond it, but ~11 end 
blindly. Upper figure X 275 ; 
two lower figures X 330.] 

pores are as a rule so abundantly 
and uniformly distr ibuted:  yel 
they are characterized by a strange 
inconstancy, sometimes so few as 
to be easily counted; Rhumblcr,  
for instance, mentions one example 
in which there are only nine, and 
in one in my possession there 
appear to be none. In Sj). o/~- 
con ica tile pores are not so obtru- 
sive as in Sip. viviTara, and out 
of nine specimens which I have 
examined no less than seven show 
no trace of any :  whether they 
are present in tlle remaining two 
I am by no means certain. I t  
would thus appear tha t  the ' pores" 

arc adventitious, 1 and this inference would seem to find support 

1 The alternative would seem to be that the same species may include 
both perforate and imperforate individuals. 

Q. J. G. S. No. 307. 
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from observations made on shells of Sp. cicipara which were gr(,und 
away on the upper side and on fragments of such shells. These 
reveal numerous pores, which, when traced inwalxls, are seen to end 
blindly, sometimes expanding at their telauination into a spherical 
or more or less irregular pouch-like vesicle (fig. 7, p. 207). They. 
present the appearance of having been produced by some boring 
parasite. Whether all the pores are of this nature is uncertain. 

There is a close resemblance between the ' pores' of ,S')/rilliJ~r, 
and those of Penerol)lis. In some specimens of P. i~ert,csus the 
' pseudopores,' as we may term them, are numerous and regularl S 
arranged in rows alternating with the ribs; in others they are 
completely absent. Fm'ther, an examination of the interior of the 
shell shows that when present they frequently enlarge at the end 
into vesicles of precisely the same nature as those of SP- vivi])ara. 
I t  may be added that mycelium-like threads burrow through the 
shells 'both of Spirillina and Penero]~lis, as they so commonly do 
in the Fol~tminifera in general. 

Even more surprising is the structure of the shell, both in itself 
and its amazing variety. In the simplest case, well exempfified in 
Sp. obconica, Sp. infundibulata, Sp. lucida, and Sp. ricipar(,, the 
shell is a single homogeneous erystal with, it may be, a few minute 
grains of calcite spoladieally dotted over it, like foreign bodies. 
The direction of the optic axis differs in diffel~nt specimens of the 
same species obtained in one gathering : sometimes it is perpendi- 
cular to the plane of the spiral, sometimes more nearly parallel to it, 
and between these extremes it may take any intermediate position. 
Here then we eneounter another excellent example of the indepen- 
dence of outer form and inner structure in an organic skeleton. 

In S)~. viripa~'a we find, in addition to this structure, several 
others; we meet with forms, for instance, in which fibrils having 
the optic axis longitudinal make their appearance, and are so 
am~nged that the shell remains illuminated through a wh,de 
rotation about its axis: a faint black cross, however, may be 
detected, and the arrangement of the fibrils is tangential. From 
this we easily pass to others in which the fibrils are arranged along 
curved radii, making an angle with the spilnl of the shell and giving 
a spiral cross in the middle which extends over the first whorl: in 
this case also the optic axis of the fibrils is longitudinal. But 1,v 
far the most interesting case is that in which the shell consists of 
an irregular mosaic of crystals. In ordinary light this structure is 
invisible, part of the shell presenting a glanular appearance, and 
pal~ being apparently homogeneous and devoid of granules ; but in 
polarized light the mosaic is very clearly displayed (P1. VII,  
figs. 7 & 7 a). The thickness of the wall as seen in optical section 
is between "02 and "03 mm. 

In Spirilli~za limbata the shell is more granular than fibrous, and 
remains illuminated, except for some irregular areas, throughout a 
complete rotation between crossed nicols ; yet in places a negative 
fibril, tangential for the greater pa,'t, extends so far round a whorl 
that its optic axis passes from tangential to l~ldial. 
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The fundamental  character by which the porcellanous is distin- 
guished from the vitreous shell is its finely granular structure : and 
all porcellanous shells are imperforate, though it  by no means 
follows tha t  all hnperforate shells are porcellanous. 

The subdivision of the Folaminifera into the two groups Per- 
forata and Imperforata  has lately fallen into disrepute, owing to the 
discovery among the existing Imperforata of examples which are 
not devoid of perforations at  an early period of their existence. 
Thus, according to Rhumbler, 1 the embryonal chamber of PeJ~ero2)lis 
pe~'tusus is distinctly perforate, the pores extending all over it;  and 
not only so, but (according to G. Schacko 2) pore-canals occur also 
on the septal sutures of this foraminifer, the perforations being close 
and fine, and comparable with those of .Lu I t  is further 
affirmed by Dr. J.  J .  Lister "3 tha t  the central ct:amber and spiral 
passage of the megalospherle form of O~'biculina and Orbitolites 
mar.qi~lata are perforate. 

On these rather slender grounds Rhmnbler  maintains tha t  the 
terlns ' Perforata ' and ' Impel~fomta ' are no longer applicable, and 
Prof. O. Abel ~ proposes as substitutes ' Poreellanea ' and ' Vitreo- 
calcarea ' : of these terms the latter is certainly open to objection, 
for, since both groups are essentially calcareous, it is not only 
redundant but  to some extent misleading. 

On the general question of classification there is room for 
difference of opinion, and I may commence such observations as 
I have to make by calling at tention to the three isomorphous 
genera, Corm~s}/ra, Spirillina, and Amnodiscus, which (with the 
doubtful exception of Spirilli~a)are devoid of perforations and 
ye t  respectively porce]lanous, vitreous ( though in an unusual 
manner),  and agglut inat ing.  Thus the imperforate character 
would seem to be more constan$ than the structure or composition 
of the shell. 

Unfortunately,  the palmontological record affoMs less information 
than we could wish, but  it may be remarked tha t  Rhumbler 's  
a t tempt  to derive the calcareous from the arenaceous Foraminifera 
is directly opposed, so far as it  is based on palzeontological evidence, 
by Mr. F. Chapman's account of the oldest known Foraminifera 
which occur in the zLin.qula Flags of the Cambrian System. All 
the forms described by Mr. Chapman are calcareous and vitreous, 
such as Spirilli~ta and various representatives of Carpenter's family, 
the Lagenid~e. 

On entering the Carboniferous System we encounter both vitreous 
and porcellanous forms; the lattel: indeed reach their culmination 
in the remarkable genus F~s~tli~a. The shell of this foraminifer 

1 , Die Perforation der Embryona]kammer yon Petseroplis pert~lsus Forskal ' 
Zool. Anz. vol. xvii (1894) p. 335 (Lit.). 

'2 , Perforation bei Peneroplis' Archiv f. Naturgesch. 49. Jahrg. vol. i (1883) 
p. 451. 

:~ ' Foraminifera ' in E. Ray Lankester's ' Treatise on Zoology ' pt. 1 (1903) 
fasc. 2, note on p. 95. 

' Lehrbuch der Pal/iozoologie ' Jena, 1920, p. 46. 
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prL'sents the, slme minute structure as is met with in fossil ]mper- 
fomta, such as Miliola and .tleeolites: that  i:~, it is mimltelv 
granular, and so imperfectly transparent that  extremely thin :licl:s 
must be prepared f~n" its examination under the mierose~qw. In 
tiffs particular it presents a striking e~,ntnlst to as.~oeiated vi',re,ms 
forms such as .~l~'cl~ed/xc,.~ : and I am inclined t~, think that  it was 
the minute structure of the shell rather than the thickness of his 
slices which led Carpenter to doubt whether it was perforate or 
not. That  it ix as completely perforate as any vitreous foraminifer 
was first shown hv Baron Miiller, and with s thin .~lices 
anyone may convince himself on this point, the canals being 

. 

perfectly obvious (whether seen in longitudinal m" in transverse 
section). 

Apparently then, Ft,sulina is as typical a poreellanous fOl'ln as 
Alreolites and as typical a Petrol,ate as _~51mmMiles. I f  so, the 
distinction between Perforata and hnpefforata  is deprived of one 
of the most important arguments in its support. 

But, since this was written, my at tention has been called to some 
observations by Prof. Hem'i Douvill6, l who, from a study of un- 
usually well-preserved examples of ~Stst~li~ta from Laos, 'is led to 
assert" that  the supposed pore-canals can 1~, seen to terminate 
blindly and even in pouches. Thus the wrf-ra t ions  of ~5ts,lim, 
wouhl seem to have no more significance than the blind canals of 

_PeJmropli,~. 
A possible objection however may be raised here ; it has repeatedly 

obtruded itself on mv mind when" reflecting on the supposed pores 
of Spirillimt. Is i t 'certain that  all the perforations of Ells~li~a 
are of the same nature ? If they arc. then it becomes impossible to 
suppose that  they are produced @ external parasites, and interesting 
questions suggest themselves as to the relation of the tubulations 
to the animal , - -how they arise arid are lnaintained, what is their  
function, and so forth. 

Returning now to the problem with which we set ou t - - t he  
taxonomic position of SoeeammiJ~a earteri--we may ill-st enquire 
how far the structure of various foraminifera is preserved ill the 
fossil state. 

The Perfomta generally retain their strueture, even when traced 
far back into the remote past and under very various conditions of 
environment. Occasionally, however, exami~les may be met with 
in which the perforations have disappeared and the wall has lk'en 
converted into a mosaic, one crystal thick, with no remaining h~ees 
of the original struetm'e. 3odosaria from some localities in the 
Upper Lias affords an example, but the same genus from other 
localities of the same age preserves to a considerable degree its 
original characters. In the Cambrian System the Nodosaridw can 
only be determined by their form. 

1 , Les  Calca ires  it Fusu l ines  de l ' Indc-Chine  ' Bul l .  Soc.  G((Jl. France ,  ser. 4,  
vo] .  v i  (1907)  I)P. 5 7 6 - 8 7 .  
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The I lnperforata  retain their  s tructure with similar persistent  v. 
Thus the  JlIiiiola of the ' Calcail'e Grossier '  and Le i tha -Ka lk  
scarcelv differ in this respect from exist ing forms, and the  same is 
true of species belonging to this genus, which occur in the  phos- 
phatic nodules of the  Cambridge Greensand. 

The  foraminifera  which are associated wi th  Suecammina caJ'/e~'i 
in the th in  slices I have examined include pol'cellanous form~, such 
as E m l o t h y r a ,  which retain their  original  s t ructure with hut  
s l ight  indications of mosaic growth,  and vitreous forms, such as 
Archcediscus,  which still display their  characteristic N u m m u l i n e  
perforation.  Bo th  offer a s t r ik ing contrast  to Saeeammimt  errs'tee'i, 
and consequent ly  the mosaic structure of its wall may  he regarded 
wi th  great  probabil i ty as being original.  

The %ssil may, then,  have been an arenaceous form, but  there 
is much  to suggest  t ha t  it was not. Such irregular  f r agments  of 
calcite as now form the  mosaic of its wall do not occur in the m u d d v  
part  of the Saceall~milm Limestone,  and are not  likely to have formed 
part  of tlle ooze of the  sea-floor on which the animal ' l ived ; and, wha t  
is more impor tant ,  we have ah'eadv discovered in an example of 
Spi,'illi,~a vici farc,  a mosaic s t ructure not  unlike tha t  which occurs 
in Saeeammina  earteri.  I t  is possible, therefore,  {hat the  alliance 
of this fossil is ra ther  wi th  the  Calcareous than  the  Arenaceous 
Impcrforat.a. T h a t  i t  should bear a name which identifies it, 
perhaps on insufficient evidence, wi th  a l iving genus is mffor tunate  
and may  lead to eon%sion. To avoid this, I pi'~pose to make the  
least possible change by call ing the  genus Sa eea  m m i ~ o ps  is. 

In  conclusion, I should like to express my  warm thanks  to m y  
fr iend and colleague, Mr. T. Vipond Barker,  for  the  k ind ly  
assistance which I have received f rom h im in the  course of this 
in vestigation.  

EXPLANATION OF PLATE VII. 

Fig. 1. Part of a horizontal section of Orbitolites cornpla~atus showing the 
fibrous structure of the walls. X 90. (See p. 199.) 

2. A similar section photographed between crossed nicols. X 90. 
(See p. 200.) 

3. A similar section more highly magnified. X 140. 
4. A similar section of a larger area, between crossed nlcols. X 55. 

(See p. 200.) 
5. A similar section showing, as a thin black line, a layer parallel to 

the wall of the chamber, which remains extinguished between 
crossed nicols during a complete rotation of the stage. • 140. 
(See p. 205.) 

6. Part of a horizontal section between crossed nicols. X 90. (See 
p. 200.) 

Figs. 7 & 7 a. SpiriLLina vicipam Ehrenberg, seen in optical section ; 
fig. 7X54, fig. 7aX95. (See p. 208.) 

Fig. 8. Section of Saccammina (Saccammi~topsis) carteri, showing below the 
included matrix (black), on tim right a quartz-mosaic, ending in a 
border of chalcedony; this is sharply bounded by calcite which 
completes the thrilling of the interior. Except where it is in con- 
tact with the included matrix, the structure of the shell is 
destroyed by silicification. X16. (See p. 195.) 
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Fig. 

BTRI'CTURE OF THE FORAMINIFEllAL SllEI,L, Lvo1. lxxvii, 

9. Section of the Elfhills Limestone with included ' Saccammin,~.' 
The test of the ' Saccamminas' is replaced by greenish-yellow 
quartz, shown as the dark outermost zone ; this is succeeded by a 
zone of calcite-crystals, and the central area is occupied by quartz. 
X 8. (See p. 195.) 

10. Section of ' Saccammina' with the wall sharply defined by a lining 
of carbonaceous matrix ; the rest of the cavity is filled partly with 
matrix, partly with calcite. X 16. (See p. 194.) 

11. Similar to fig. 10. x 16. 
12. Section of ' Saccammina" sho~qng the wall replaced by quartz, con- 

taining black granules ; next a zone of calcite with the points of 
the crystals directed inwards, and finally quartz which completes 
the infilling. X 16. (See p. 195.) 

13. Similar to figs. 10 & 11. X16. (See p. 194.) 
14. The shell is replaced by quartz, which includes particles of matrix ; 

quartz also has grown inwards as a mosaic which is bounded by 
agate-like chalcedony. The remaining space in the middle is 
filled with calcite. X 16. (See p. 195.) 

DiscussioN. 

Dr. R. ~L. SIIERLO('K enquired whether the Author could explain 
the brown colour shown by the imperforate foraminifera when 
viewed under the microscope b S transmitted light. In thin 
sections of limestones tile iml~rfomte foraminifera show a colour 
that  varies somewhat in different forms, and in some cases resembles 
that  of a flake of biotite similarly viewed. The discovery that 
these  shells are composed of calcite explains the fact of their per- 
sistence in some limestones, such as the raised coral-reefs of Fill, 
where the aragonite organisms have disappeared. The paper was 
both interesting and valuable. 

Dr. S'r~t_~'l.Eu S.~IT~t remarked that in Northumberland, the type- 
locality of Saccam~d~a, that foraminifer is to be found in several 
limestones as isolated specimens: but it forms two vel:v con- 
spicuous hands--one, in the south of the count S in the Four- 
Fathom Limestone, the other in the north of the county in the 
Acre Limestone, which lies immediateh" below the Four-Fathom 
Limestone. The bands vary up to 3 feet in thickness, and in the 
northern area the matrix" in which Saccammina is embedded 
has often 1)erished to a great extent, so that the bands bear some 
resemblance to a thick laver of fossil wheat, as exposed in weathered 
sections. 

The Av'ruoR thanked those present for the manner in which 
his communication had l~en received. 
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