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THE SHELL STRUCTURE AND 
MINERALOGY OF THE BIV AL VIA 

II. LUCINACEA - CLAVAGELLACEA CONCLUSIONS 

By ] . D . TAYLOR , vV. J. KENNEDY & A. HALL 

A B STR ACT 

THE shell microstructure of twenty six remaining bivalve superfamilies is described 
with the aid of acet ate peels and elect ronmicroscopy. In the order Heterodonta 
most shells consist of outer crossed-lamellar and an inner complex crossed-lamellar 
layers. Three superfamilies, the Lucinacea, Tellinacea and Veneracea have all, or 
some members, with an additional outer layer of composite prismatic st ructure. 
Minor variations consist of the occurrence of homogeneous structure in many 
families, resulting from a reduction in grain size and loss of crystal form in each 
structure. The order Myoida is more varied with crossed-lamellar and complex 
crossed-lamellar shells in the Corbulidae, Gastrochaenacea and some Pholadacea. 
The Hiatellacea are mainly all homogeneous but P anop ea has a three layered shell 
consisting of an outer simple aragonite prismatic layer and middle and inner homo
geneous layers. A very similar outer prismat ic layer is found in some Pholadacea. 
In the Anomalodesmat a two shell st ructure conditions are found, either a three 
layered shell, consisting of an outer layer of simple aragonite prisms and t\\'0 nacreous 
layers or two homogeneous layers. 

Twelve shell structure characters can be used as an aid to superfamilial classifica
tion ; but they must be used in conjunct ion with other characters and geological 
history . The shell structure characters have been superimposed upon a phyla
genetic t ree derived from many characters ; the points of variance and similarity of 
shell structure with this phylogeny are discussed in turn . It is suggested that the 
Arcoida may be more closely related to the Heterodonta than the Pteriomorphia. 
A ~pholadomyaceanJ stock has been in existence since the Ordovician and it is 
probable that both the Myoida and Anomalodesmata may be derived from this stock. 
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INTRODUCT I ON 

This is the continuation to Taylor, Kennedy & Hall (Ig6g) in which we reviewed 
Bivalve shell structure, mineralogy and shell formation, and docun1ented these 
features in the superfarnilies Nuculacea t o Trigonacea. Here we describe the 
distribution of structures in the remaining superfamilies and discuss the importance 
of shell structures in the classification of the Class. 

SYSTEl\l AT I C DESCRI PT I ONS 

ince the publication of the first par t of this work was published the Treatise of 
Invertebrat e Palaeontology, Part N Bivalvia has appeared , which uses a system of 
classification slightly modified from that of Nevvell (I g65) which vve used previously. 
As the 'Treatise' classification will stand for son1e time \ive have used it for the 
arrangement of superfamilies described belo\v. 

ub Class HETERODON T A 
Order VENEROIDA 

LUCINACEA 
(Plate I , figs I , 2 & 5 ; Text-figs I & 2) 

Fifteen species of this family have been examined mineralogically and ten struc
turally . The shell is aragonitic throughout. 

Three main shell layers are present in all the species examined. There is an outer 
composite prismatic layer ) a middle crossed-lamellar layer, which forms n1uch of 
the hinge plat e and an inner complex crossed-lamellar layer which is bounded by the 



Species 

Codakia punctata 
(Linnaeus) 

Locality 

In do
Pacific 

Minera logy Outer 

Aragonite 

layer 

Composite 
prismatic 

TABLE I 

LUCINACEA 

Middle 
layer 

Inner 
layer 

lil 

Myostraca 

Pallial Adductor 

Crossed- Complex crossed- Thin, Not seen 
lamellar lamellar prismatic 

Observations 

Thin bands of myost racal
type prisms and scattered 
large t ubules in the inner 
layer 

Codakia tigerina Seychelles Aragonite Composite Crossed- Complex crossed
rk'me1l1fr~ 

Thick P rismatic Myostracal-type prisms build 
; IT in no one.\ · ~~ dftfOOlkr-.c-

Species Locality Mineralogy Outer 
layer 

Middle 
layer 

Inner 
layer. 
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A Observations 

P allial Adductor 
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TABLE I 

LlJCINACEA 

'1 )'o:.tr;u .. a 
:;pec:u-i l .otahty \hnt-r•logy Outer )bddle Inner- f Jbso~.'fYlltion.s 

l3yer layer l..'"lyer f'.a1h.d .\dt.!uetm 

Codak1t~ p•nuttJia lndo-· .\rag:ontt.e (QIDJ>Oe>lle Cro»e<!- Cornpl~x ci"'Med- Thm, :\•lt se~n lhm bo1nd~ of myu~Hr.lU.l• (Lnn.Aeus) fl.;u;.fu; pri!.mabc l3mellar lamella.r pns.nutac tnoe prisms and k.lttcred 
l.uge tubuiQ m the mn•·r 
1.& por 

Codo.ltsa lttt••,., S..·y<bellc-'\ • \r ollt•>UJte Com~ate Cross«!- Complex cro:..:;,ed- -rtuck Pnsm.4ttC \l)·ostr.t.c.'"ll·typc pmrm btulJ 
(LIOO.lt"US) prt$mabe lamellar lamellar pn!m3hC the hulk ol the annt•r la)('f, 

<omp1t'l·UOISf:fJ I.UDt.llar 
.,tru< tu re '' ~l d~nlnped 
btluv. tht:! umbnn.d ~g1onch. 
'' htre at ct)nt.uns b.ne b.&.n 
of rnyt1"1tr4co~l t~·vc pn .. m~ 
.uul .,~.:;•ttc:tl'd tubule~ 

Du·ar-•alla \V. lndu."'i . \rJgOilltC Composite Crossed- Complex crossed- Thm, ~ot St"t'rt llxh.'lhlve J •• ycn; nf 
quad;isultala prismatic lamellar lamellar pnsma.t•(_ myu"itra{.il)~tn~e pri'lms •n 

(d'Orbigny) 
th~· •n•n-r l.lycr Tubule~ 

E<K~nc, 
m .1 )' l~ present 

F1mbria lamt/lo.sa .\rJgorute Composlte Crossed- Complex c-ro">scU- l'htn, ~l)l 'M"'' rl hne 1i,111ds of 111 )"OMr;ltdl 
(Lan1arck) Calc;;n•re prtsmattc lamellar lamell;t;r pruom,Jtic t 'll_,., pdRfns 1 n the mner f.l ~·er 

(.~rossier, 

Fr:.nce 

LtUJ tlfl r:olm,btllu C'.lpC Vt'l\h: AI'JgunJlc Compo::.:ite Crossed- Complt'x cros~cd- J'hick, Xot l':iCVII Pronun<•nc. l.•ycrs o~ 
(Link) pnsma.tic lamellar Jamcllnr prismatic myo-,trttc.tl-ty~ pra!lnl~> in 

t.h(!' Inner I.L)'cr 

Luen~a fiJinau S.U;.I\\dk Aragomte Composite Crossed- Complex crossed- Thin, :Sot ~('f'U r ·•}'t'" of myo .. tnJ.cal·tn~t." 
Smoth JitlnH.'O pnsrnahc lamell.u lamellar pnSmJIIC pn.,rns lx:ntdth umbc) 

Lttt:ltla prla Osh1m,1 \r.1gumtc Composite Crossed- Complex crossed- Well- Nut M'tn F:\H·n.,I\'C tle,·dnpmcot nl 
Roove J :IJlan prasmat•c lamellar lamellar developed myu~tr".tc.ll type pnsm'i u1 

J.!Tll>mahc t hl' mnr-r l.•ycr 

Lutrna lx·rtalu l,i.tl\\.lY Ar;1gorute ConlpoS&te Crossed- Complex crossed- 1lhl\, ~(Jt k't'O J· x ttoru.•ve lJycr of 
(Lmnaeu§) pnsmabc lamellar l.amellat pn't;tnatlc myos.ttat:t.l·t)"J'f' Jlfl~m~ m 

tht'1mnt"r h\·~r fonn tb•· hulk 
ot tht..~ m~rgmaJ J-..;lrt!t ut this 
l.1 rrr 

Lu .. ·uJup51S twdol•l Tor S..y. Aragomte Compos1te Crossed· Complex Crossed· \\'dl - :\'ot lk~·n Exu-n~IVC' tlc\'dupruc:nt of 
Forbes &- H~nlry f:n'tbnd pnsmatac lamei!M lamellar devdoped, mrattracal JlliLlD m tht..• 

pn .. mJ.tJc annc·r ldyer 

Corbt5 fimbriDJ~ E.bt lnlhe~ ..\r.tgomte Composite Crossed- Complex crossed- Thm, 
Cu\·1er pnsm.ltiC LuneUar Lunei!M pn~m.ltac 

Ct~tril daurtuu Styc.belle:t Aragomtc Compostte Crossed- Complex cro-;sed- Thm, 
(Reeve) pn~mabc lamellar lamello.r pn11imJ.t•c 

DtNtruella eburttta Ecuadur Aragomte Composite Crossed- Complex crossed- Tlun, 
(Reeve) pnsmatic lamellar lamellar pn~ma.uc 

l.Ot'l/>IS /tttHjOJif Moll t.:J ArJgon1te Compos1te Crossed- Comple:c e:rossed· ThUl, 
(Lonk) prasmanc lamellar lamellar pnsmatac 

L14c1nisca luma Ecuador Aro1gon1le Compo!>•tc Cro$Sed- Complex crossed- Thm, 
IPalsbry) pnsmatic la.meUar lamellar pnsmall~.; 

ThyasittJ sp. 1\ragonite Composite Crossed- Complex crossed- Tlun, 
pri:unatic ldmt:llar lauu:Uar prtsm,•iic 

Species l..oc.&hty Mane:r.llogy Outer 
M )'Of> I rac" 

!Wddle Inner Ob.,l'r\'.lt•ons 
layer Jayc:.r Jayer r.uual Addut.tur 
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t race of the pallial line. The outer composite prismatic layer is usually very thin 
but forms the ribs \vhen present. The first order prisms lie \vith their long axes 
arranged radially to the umbo (Plate r, fig . r ). In t he middle crossed-lam ·llar layer 
the first order lamels are arranged \vith their long axes concentric to the shell margin. 
The lamels are often very fine ·when compared with some groups such as the Arcacea 
or Limopsacea but similar t o those in the Carditacea and Astartacea. A prismatic 
pallial myostracum is present in all species examined, although variable in thickness. 
The inner shell layer is the most variable; complex crossed-lamellar structure is 
present in all species (Plat e r, figs 2 & 5) but varies in extent. The r st of the inner 
layer is made up of myostracal prisms \Vhich may occur as sheets, which alternate 
\vith the complex crossed-lam liar structure (L~tcina fijiensis) or as large blocks 
(Codakia tigerina). These sheets of myo~tracal prisms may represent periods of 
temporary mantle attachment. 

cattered large tubules are present in the inner layer of Codakia p·unctata; tubules 
are also present in Divaricella quadris~tlcata and Codakia tigerina. 

CP 

CCL PM 

CL 

' \ 
·i • 
' 

FtG. I . Radial section of Lucina columbel/a. CP = composit e prismatic, CL = crossed
la mellar, CCL = cotnplex crossed-lan1ellar , P~'l = pallial rnyostracum. 

• • • • • • • • 

CCL 

PM 

CL 

FIG. 2. Radial section of Corbis fimbria ta. CP = composite prisms, CL = crossed
lamellar, CCL = complex crossed-lamellar, P = pallial myos tracu m . 
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CHAMACEA 

(Text-fig. 3) 

The shell structure, anatomy, and evolution of the Chamacea have been discussed 
in some detail elsewhere (Kennedy, Morris & Taylor, 1970) , as has the shell structure 
and mineralogy of the anomalous species Charna p elhtcida (Taylor & Kennedy, 
r g6g) . 

Amongst Recent species the shell is aragonitic throughout, vvith the exceptions of 
Chama pellucida and C. exogyra, which contain substantial amounts of calcite in a 
distinct outer layer. Two fossil species Chama gryphina (Miocene) and Cha1na 
haueri (Turonian) shovv traces of calcite but there is no evidence that this vvas an 
original feature of the shell. 

In all vvholly aragonitic species examined, t'vo n1ain shell layers are present (text
fig . 3). There is an outer, crossed-la1nellar layer and an inner complex crossed
lamellar layer bounded by the trace of the pallial line. In the outer layer the first 
order larnels are arranged concentrically to the shell margin; in n1any specimens part 
of the outer layer n1ay be missing apparently as a result of abrasion. 

l\1 yostraca are very \V ell developed in the Chan1acea, the pallial n1yostracum is 
thin, although always distinct and readily recognizable, extending throughout the 
hinge area. The adductor n1yostraca form thick pads and often interdigitate ~rith 
the inner con1plex cross-lamellar layer as a result of slight shifting of attachment and 
body position during grovvth. In C ha1na iosto11'~a other myostraca were seen presun1-
ably associated with the pedal1n uscles. 

The inner shell layer of the Chamacea is basically formed of complex crossed
lamellar structure, varying from fine to coarse textured and co1nplicated by sheets of 
m yostracal type prisms and myostracal pillars. These features show varying 
development both inter and intra specifically . Myostracal pillars often arise from 

AM 

AM 

CCL 

CL 
PM 

FIG. 3· ... nterior-posterior section through P seudochanza radians. AIVI = adductor myo
stracun1, PM = pallial myostracum, CL = crossed-lan1ellar, CCL = complex crossed
lamella r. 
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pallial and adductor myostraca. In Chama spondyliodes myostracal pillars are also 
present in parts of the outer crossed-lamellar layer. een on inner shell surface 
myostracal prisms are often arranged in rows radial from the umbo. 

The Chamacea are markedly tubulate but there is much variation in the abundance 
and distribution of these structures "Yvhich are usually confined to the inner layer. 

C hama p ellucida and C. exogyra differ from wholly aragoni tic forms in possessing 
an outer prismatic calcite layer of unusual structure described by Taylor & Kennedy 
(rg6g) . The remarkable occurrence of calcite was first noticed by Lowenstam 
(1954) but he considered (rg64) that the outer crossed-lamellar layer of tropical 
species had changed to calcite prisms in the temperate C. p ell'ucida. H e used this 
example as evidence in the general t en1peraturejmineralogy trends he demonstrated 
for invertebrate skeleta. However other temperate species of Chan~a seem to be 
\vholly aragonitic. 

A table of the shell structure characters of the thirty species of C hama examined 
will be found in l{ennedy et al (1970, p. 390). 

LEPTONACEA 

Most species of this superfamily are very small and thin shelled. Four speciec; 
"Yvere examined mineralogically and by electron-microscopy. The shell is aragonitic. 

Two shell layers are present in all species examined; an outer crossed-lamellar 
layer and an inner complex crossed-lamellar layer. The two layers are separated by 
the prismatic pallial myostracum. 

Species Locality 

TABLE 2 

LEPTONACEA 

l\1ineralogy Outer 
layer 

Inner 
layer 

Pallial 
myostracum 

K ellia suborbicularis Britain 
Montagu 

Aragonite Crossed - Complex crossed - Prismatic, 
lamellar la mellar thin 

Kellia pustula 
Desbayes 

Scinti lli oweni 
Deshayes 

Scintilla rosea 
Desbayes 

Indian Ocean Aragonite Crossed- Complex crossed
lamellar lamellar 

Karacbi Aragonite Crossed- Complex crossed- Prismatic, 
lamellar lamellar thin 

Indian Ocean Aragonite Crossed- Complex crossed- Prismatic, 
la mellar lamellar thin 

CHLAMYDOCONCHACEA 

Lack of material prevented examination of specimens of this peculiar monogeneric 
superfamily which have internal shells contained within mantle sacs. 
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CYAMIACEA 

Three species of this small superfamily were examined structurally and nliner
alogically. In all three species the shell is aragonitic and consists of two layers both 
of them of fine granular homogeneous structure. The layers are separated by a thin 
prismatic pallial myostracum. 

Spec1es 

T ABLE 3 

CYAMIACEA 

Locality ?\Iineralogy Outer layer Inner 
layer .. 

Pall1al 
mvostracum .. 

Cvan~'lunz antarcltcum Falkland Arngon1te H omogeneous Homogeneous Prismatic 
(Phihpp1) Islands 

Cya-rniunt la1nnnjerum Antarctic Aragon1te H omogeneous Homogeneous Prismatic 
(Latny) 

J.Veodavzsza cobbt Falkland Aragonite H on1ogeneous H omogeneous 
(Cooper & Preston) I slands 

CARDITACEA 

(Plate 2, figs 4, 5 ('" 6; text-figs 4 & 5) 

Fifteen species have been examined mineralogica1ly and eleven stn1cturally. The 
shell is aragonitic throughout. 

T\vo main shell layers are present , an outer crossed-la1ncllar layer vvhich forms the 
bulk of the hinge and teeth, and an inner complex crossed-lamellar layer which is 
bounded by the trace of the pallial myostracum. The first order lan1els of the outer 
layer are very fine and are mostly arranged concentrically, but in some species a 
reflected shell n1argin causes the lamcls to appear to have a radial alignment (Plate 

T 
CL 

CCL 
PM 

FIG. 4· Radial section of Cardita vctrzegata . CL = crossed-lamellar, CCL = complex 
crossed-lan1ellar, PM = pallia l myostracum, T = tubules . 



Species 

Cardita australis 
Lamarck 

Cardita borealis 

Cardita aculeata 
Eichwald 

Cardi ta sulcata 
Sower by 

Thecalia concamerata 
(de Blainville) 

V ene·ricor planicostata 
(de Blainville) 

TABLE 4 

CARDITACEA 

Myostraca 
Iiocality Mineralogy Outer layer Inner layer 0 bserva tions 

Auckland, Aragonite 
New Zealand 

yew E~~nd _Aragonite _ 

Argonite 

Eocene, Aragonite 
Britain 

S. Africa Aragonite 

Britain Aragonite 

P allial Adductor 

Crossed-lamellar Complex crossed- Not seen 
lamella r 

Crossed -lamellar Corn plex crossed- Thin, 
-

Crossed -lamellar Corn plex crossed- Thin, 
lamellar prismatic 

Crossed -lamellar Complex crossed- Thin, 
lamellar prismatic 

Crossed -lamellar Complex crossed- Thin, 
lamellar prismatic 

C1 ossed -lamellar Complex crossed- Thin, 
lamellar prismatic 

Not seen The crossed -lamellar layer is 
very fine. Fine tubules and 
prominent banding a re 
present in the inner layer. 

Not seen The crossed -lamellar layer is 
banclea, witn abundant- fine 
myostracal pillars, fine pris-
matic bands and fine tubules 

Not seen 

Not seen 

Not seen 

Not seen 



SpcCIC!I 

Cotdtii;J au,,ttalr r 
Lounan:k 

Co,J1ta 00Pralu 
Conrod 

Co•·,/Ha cah'wluta 
DrugurCrc 

Ctmi1ta jloridatla 
Conr.ld 

Canlrla wcross(dtl 
Sowerby 

Catdrta marmottt1 

Dunker 

Catdtld .sou~rb)'l 
~hA.yrs 

Cardtla hJrtttdla 

(Brugutl.•n) 

Ca•ddtmttttl aJJhm 
(R<:evc} 

1'¥m:nranlitl mlbt-Uilltr 
l..amtU'ck 

Cardtla acufeala 
Etchwa1d 

Cardtfa lultal4 
Sow~rby 

Tluculu;r conc.atntral41 
(de BlaLDvillc) 

l'~•unc(;r p~mco~liJ-141 

(de Blauwillc) 

l.ocilhh· 

.\udd:md, 
!\~\\ Zealand 

Xcw Rngland 

lmli.,n Otean 

Flcmda 

~uc.•t:nsland 

Quetmsl.•nd 

Ktnyd 

huac.Jor 

Culco icc.
Cros."'•er. 
L11 Lt'lmn, 
Hl.lnH'rn.y, 
France 

~cne. 
Unt~an 

S \ftiC<l 

Unt."n 

TABLE 4 

CARDITACEA 

:\hnt-r:alogy OuU:r layer loner layer 
' 

:\ l )''OS tr dt.a 
A fltMrv~tu>nt 

. \ragomt~ 

,\r<tgontt~ 

,.\r.•gq;n•te 

At.:.gonitt:' 

Amgon1te 

:\ ragon1 te 

Ar-o~gomtt• 

Cf'OS-sed-la.mrllar Complt:x- crossed .. 
lamellar 

Cro .... sed-lameUar Complex crosSt:d
t.mellar 

Crossed·l3.Jlle1lar Complex cros!'.Cd· 
lamellar Wlth 
m yostrnc::1l 
pillars and bands 
of my~tracal· 
type pnsms 

Cros.<;ed-laruellar Cros.!:ted complex
lameUar 

Crosscd·l3mellar Complex cro~d
la.mcll;tr 

Crossed·b.mellar Complex uosseli
Luuellar 

Palh.,ll 

:-.:otSttn 

Than, 
rn~mattc: 

Thm. 
pnsn1atic 

Than, 
1>ri~mat 1c;. 

Nc>t seen 

Not. seen 

Adduo:t(lr 

.Sot snn 

!'ot ~n 

Nut M'('n 

Not boCCn 

Not seen 

Not 14:co 

Crn"5ed-lamellar Complex c:rossed- Than, l\ut M.'C!n 
lamellar pn-.m.1tu:? 

1 ht' U'OI!LiC'w.l ·l.aMt'JI.n Llyt-r IS 
'\·c-ry hne. f· m~ hlbule-<i ~•nd 
1'romtnt"1U b.mdmg are 
prt"!W'nl an thf'l ann1·r l.l)'t"f 

lbt- nos·ie·d t.urwll.u ).1\'t"f 'i 

\'t"f\' hn~. a.-. IS tht- complex 
( r1.s.'!<t·d ·bmdl:u Jayt'r fme 
tuhulr!i .lrrr pt~nt m thto 
tnnt·r la)"t-r 

lhe,o. "rc~ .. t·cl -l.•mrll.u l.t~~·r 1<> 

very hn(', th~· n .nnplt·x· 
nO'o.,l·d l.mll'll.tr l.wrr h.li 
p romuwnl b..1ndu1~, St.ll· 
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Species Locality 

Crassatella antillarurn W . Indies 
Reeve 

TABLE 5 

CRASSATELLACEA 

Mineralogy Outer layer Inner layer 

Aragonite Crossed-lamellar Homogeneous 

Crossed-lamellar H omogeneous 

Myostraca 

P allial Adductor 

Indistinct , Not seen 
thin, 
prismat ic? 

Observations 

Outer layer very finely 
crossed-lan1.ellar, inner layer 
with conspicuous banding 

Ind istinct , Not seen Out er layer very finely 
. thin, crossed-lamellar, inner layer 

Crassatella decipiens W. Australia Aragonite 

Conrad 
A starte ellipta 

Macgillivray 

A starte quexii 
(d 'Orbigny) 

Species 

Greenland 

L . Lias, 
Blockley, 
Gloucs. 

Locality 

Aragonite 

Aragonite 

Mineralogy Outer layer 

-

Myostraca 
Inner layer .A Observations 

• 

P allial Adduct or 
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TAB~E 5 

CRASSA TELLACEA 

}.I rostrac:a 
Spee:ies Locality Mineralogy Ouwr layer Jnntr laycr Obsen·~tions 

Palhnl Adductor 

Crassa.tttlfa <A ult/lawm 'V lnd ics Aragonite Crossed·lamellar Homogeneous lnd1sHnct. Not seen Outer lnyer ' 'ery 6udy 
Reeve thin. crossed·lamcHar, mn(!r la.ver 

prismat&d w•tb cousp1cuous bandioi 

Crassalella decipie"s \V, A\IStratia Aragorhte Crossed~lamellar Homogeneous lndiSl i.UCt, Notse<:n Outer layer very finely 
Reeve thin, crossed·lameUar, umer layer 

prismatic? w1th cunspicuous b>Lnd.ing 

c .. a.s.sa./ella lamd/1()$(1 Llltet~an, Aragomte C1'0'5Sed·l3mellar Homogeneous Not seen Not seen PromH~eot bandmg m th.e 
Lama.rck Dameray, mn~r layer 

Fra.nce 

Crassatc/la t'adla/(l Aragonite Crossed·latnf:ll.ar H.omogenNus Not seen 1\ot 5ee.11 

(Sowerby) 

£ucrassatetla gibbosa Ecuador Aragon•le Crossed-lamellar 1 Iomogeneous Thin. 11lin, Outer layer very finely 
(Sowerby) pri&mat'lc pris-matic crossed-tnmellar, becoming 

homogeneouS- when traced 
1nwa.rds 

...J sfO.t'it bor~alis GreenJaod Aragonite Crossed-lamell;)r Koulogeileous Thlll. - Inner layw largely bu•ltfol 
(Scbumather) w1th myostracal prismatic myost.racal-lype pri$ms; 

prisms hon1ogcneous structure 
present beneath umbones 
onJy 

Astarle incrassala Plioee•\e, .;\ragonite Cro~sed-lame.l l;l r Complex crossed ln<hstmct. :"--ot seen Complex croSscd-lamellJ.r 

Deshayes Italy lo.mellar witb tllin. structure present only 
myostTocal prisms prismatic? beneath umbones 

A slart8 obltqua Plioc:cne, Aragonite Crossed-liimella r Homogeneous Thtn. Not seen Myost:racal-typc prisms fonn 

so,verby l3rita.in with myostracaJ prisnmnc most of the mner layer 
pn.sms 

A .~faY/8 oma.fi i Pliocene. Argonite Crossed~l;:1mella.r Complex CJossed· I nd1sttnct, Not seen [nner layer mostly built or 
(]onkiere) Britain lamellar wttl\ tlti.o, myo:,trac-al-typc pristrtS, 

myostr.lcal prisms prismatic mter-lingc.nng w1lb complex-
crossed lamcUar structure m 
umbonal reg1on 

A starte slriaJa Greenland Arago•l ite Crossed~lamellar Homogeneous ,\•itll thin - Inner layer almost entirely 

Sowerby myostra.cal pris·rns prismatic built of myost.racal-type 
prls.rus 

..J stark: su/tot(l Pilocene • Aragonite Crossed-lru:nellar Complex crossed· Thin, - Inner layer nlmost entirely 

(da Costa) 1 taly lamellar \\;tb prisrol.\tic built or royost-rac:~.-J .. type 
myostntcaJ prisms ptiSil\S 

Aslarte sulcata ~Wiport Aragonite Crossed~la.mellnr Complex crossed- Thin. - Inner layer ahnost entuely 

(da Costa) lamellar wit11 -prismatiC buLit of myostracal-type 
myo~tracal prisms prisms 

Cra.ssaltlla ditalata. Lutetian. Aragorute 
Deshayes Dameray, 

France 

Crassatella tngo-,•ala Lutetia.o, Aragonite 
Lamatek Dameray, 

fr.t.nce. 

Crassiuelfa l:mntula. Florida Aragonite 
Conrad 

A starte ellipla Crci!nland Ar.lgomte 
Macgillivny 

AstOfte quuii L. Li3$. Aragonite 
(d"Orb;gny} 13locld<y. 

Cloucs. 

Myostrnca 

Spt.octes Locality Mineralogy Ou ter layer lnnet layer OOOcrvahons 
Pal~al Adductor 
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2, fig. 4). The outer layer is frequently very thin or vvorn off in the umbonal area. 
A thin discontinuous prismatic pallial myostracum was seen in most species . In 

Cardita calyculata the prisms -vvere seen in the umbonal area only . 
The inner layer is somewhat variable ; the complex crossed-lamellar structure is 

rather fine and prominent banding is seen in n1ost species (Plate 2 , fig. 6) . Myo
stracal pillars are developed in several of the species examined: in Cardita calyculata 
and V enericardia ~1nbricata they are restricted to the inner layer. In C. sowerbyi 
& C. marmorea there are abundant pillars in the inner layer and a few in the marginal 
parts of the outer layer (Plate 2, fig . 5). However in C. variegata there are abundant 
pillars in both inner and outer layers. Sheets of myostracal prisms are also present 
in the inner layer of C. calyculata, C. mar1norea and V . imbricata. 

Tubules aTe present in all the Carditacea examined and occur in the inner layer of 
all species and in both layers of Cardita variegata. 

• 

CRASSATELLACEA 

(Plate I , figs 3, 4, 6 & 8; Plate 2, figs 3 & 4; text-figs 6 & 7) 

The superfamily Crassatellacea is represented by two living families, the Cras
satellidae and the Astartidae Sixteen species have been examined mineralogically 
and twelve optically; the shell is aragonitic throughout . 

In both families the shell consists of t'¥0 layers; both have an outer crossed
lamellar layer but the inner layers differ. The inner layer of the Crassat ellidae is 
homogeneous, whereas that of the Astartidae is largely built up of myostracal-type 
prisms, with only traces of complex crossed-lamellar or homogeneous structures. 
The outer crossed-lam ellar layer of all the species examined is built up from very fine 
primary lamels, arranged concentrica lly with t he shell margin (Plate I, figs 3 & 4}. 
The lamels are obvious in the outer parts of the layer but traced inwards they 

CL 

PM 

• 

CCL T 

FrG. 5· R adial section of Venericardia imb?'icata. CL = crossed-lamellar, CCL ~ complex 
crossed-lamellar , PM = pallial myostracum, T = tubules. 
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become increasingly difficult to resolve and the layer appears homogeneous. Most 
of the hinge area is formed from crossed-lamellar structure. 

The inner layer of the Crassatellidae shovvs no obvious m8cro-features other than 
conspicuous banding; electron-n1icroscopy shows the structure to consist of irregular 
granular structure. In the Astartidae the inner layer is largely built up of myo
stracal prisms (Plate r, figs 7 & 8; Plate 2, figs 2 & 3) . In Aslarte borealis scanning 
microscopy shovYS the out cropping prisms (Plate 2, fig. 3) revealed as distinct bosses ; 
these sho\v surface features of parallel ridges and striae. In A. borealis and 
A. incrassata there is a narro\v homogeneous sheet on the inside of the pallial myo
stracum separating the n1yostracu1n fron1 the main prisn1atic part of the inner layer. 
In other species the prisms arise directly from the pallial trace. There is consider
able geometric selection of the prisms of the inner layer; those closest to the pallial 
myostracum are small and numerous but traced towards the inside of the shell there 
is a reduction in numbers and a resultant increase in size of the prisms. 

The two shell layers are separated by the trace of the pallial myostracurn. In the 
Crassatellidae this is 1narked by a distinct unconfon11ity of growth lines but actual 
myostracal prisms have been detected in only one species. Eucrassatella gibbosa 
which is also the only species examined \vith a distinct prismatic layer associated with 
the adductor muscles. In the Astartidae all the species possess a prismatic myo-

Cl 

PM 

FIG. 6. Rad1al section of Euc1·assatella gibbosa. CL = crossed-lamella r, 
H = homogeneous, PIVI = pallial n1yostracum. 

Cl 
\ 

, 

PM 

FIG. 7. Radial section of A sta1~te borealis. CL = crossed-lan1ellar, 
Pl\I = pallial myo-stracum, l\1P = myostracal prisn1s. 

' 



T ABLE 6 

CARDIACEA 

Myostraca 
Species Locality Minera logy Outer layer Inner layer 

P a llial Adduct or 

Myostraca 
Species Locality Mineralogy Outer layer Inner layer r- A_ ______ __ 

P allial Adduct or 

A can thoca1'dia acu.leata Britain Aragonite Crossed-lamellar Complex crossed- Indistinct P rismatic 
- - -- -- -

P arvicardium sueziense 
(I ssel) 

T rachycardium senticosun?
(Sowerby) 

F rance 

Seychelles Aragonite 

Ecuador Aragonite 

- - -

Observations 

Observations 

• 



S~'(-"" IAtC.:,,htv \lmtt.alo~,-

SJ"f'( te'\ l,.oc.\hty M mer-.tl(lgy 

.-lea~ "'AIJ(d¥Jt,l (h 11lt'a/.1 Hnt.un ,\ragomte 
(I .ann:tf"U'+} 

• .fuudAocdrtlu• teAt Ha/a Hntoun ,-\r.tgomte 
(Linnacus} 

Ceu.U/tlllrtnw td•"r Br1ta111 \ ragomlt: 
(Ltnn:\euCi) 

Frngmn IW«do r h111.1 1\ragonate 
(L1nn~'eu") 

Ntlln(drdw htiiUC(lNIHI ( huM AragoiUtf: 
(l.UliHICU~) 

Lfltl iU:fH'Iii iWI (11/tl t/QIUIII Aragun•tu 
(S..worby) 

latvrrordutm tlll\litllt ~yc.:ht.'llcs Aragon•te 
(Su•erby) 

Lilt1!ff/UdWtu (HU!>IWI UulJhn Bay Amgomtc 
(Gmehn) 

Lar-r•rcmJwm !!itHtlltwt j,lllMICO\ Ar.1gomte 
(L•nnaf"u~) 

Paprudu' ''"~"''/" \nhllt·rt ..\ragomte 
(SQwM"b)') 

Sttrf('l's Kt«nla•:Juui tlt!<O Is Aragon•te 
(M oiler) (~rCf·nl.and 

Tt~dyrardumc tc""''ll Ecu.tdctr ,..\r.)gonat(" 

(So••rby) 

TrathyctuJu4rn m.;~,;Jfl"~'ma ~ycbtll~ .\r-agorute 
(\\"nod) 

Ttlt:on"tarJuJ J'U(UI«OMtntt Ecu.\dot 
{llt·rtlt"an \\ Strnn~e~ 

.Aragomte 

l 'a(tu:ard111m tuttrrttalum ~l.uull.t. .l. r agomte 
(Reeve) 

A cat~tiJ(ICUHiw park vi ~uti 1 

(Smo,.t:rby) 

'Cm·dw111' tlitOiiWI 
Fabru;.ui 

Lo.l'etetu tluou tJbiH]umu 
(Lamarck) 

Pm·v1wHiumr n":ttti.H' 
{1s5l"l) 

T null \.'C41tdtuttl )fJ/Ittfl.\11 m 
(So\\ t•tby) 

1 .. 1~1'\ttRcne, Aragonate 
Br1tJm 

Grccn1J.nt.l Aragomtc 

l..uteltJtl, Aragtmite 
I )n nu; r •' y, 
I · r.ln<:e 

~eychcllc~ \a.1gunitc 

1--:c:u•1dor Ar.1gonttc 

'--=--

TABLE 6 

CARD!ACEA 

.\Jyo..lrAC!I 
Outer Ja.}~r lunt't layer ,- --"---- ( lWrv At1nn.s 

Palh:tl \ctclurtt1t 

.\lyu..tro~c., 

Ou tcr la ytt Inner layer O~n·.ltluM 
Pa1lul ,\tMut tor 

Crossed-lamellar Complex U1)">.-wd- lndt'lotlno..t l'n,m.lhl" 
bmellM 

Crn::.s.cd-lamellar Complex ut~"&:<~- Than. Pn,m;ltta· 
lamellar pn .. m.ltiC.. 

C~-I>Lmetl.u- Complex crosst"d- Thm, 
lamt;>lli.l_r pnsm.ltlc 

C rossecl-l-::1mellar Corn plcx <. r(J:,-.td ·nun, 
lamellar pn'>m.atu: 

Crossed-lamell:~.r Complex croS...'Iotd- lnd1Sllrlli 
la.me11Jr 

C rossed· l.tmello.r Ct.tmplt::x cros..'led- f)nSIIlJtH, f>Arl'\ o f tht• 1 ompl~x 
t;:~mellar cr<r&'-{'d l.unt'll,,r L1 }'!,!er .ue 

Ill (OUtHttlll\' \Vtlh {he 
lu~t·hrdl'r tumcls uf the 
fHI h'l l,t ) 't'f 

Crossed-lamellar Colllple:c crosooed· I mlist met 
lamcU;~r 

C roSS<.-d-lamellar Complex trosSt.-d· Tluu, 
latnellar pn~nt;lltt: 

Crossed· lamellar Compltx <;.roc;sed Thm, 
lameJl.Jr rn~m:\UC' 

C rossed-l;:unellar Complex crosseO· lhm, 
lamellar pnsmattc 

Cros.ed-lamellar Complex cro .. ~- Pnsm.ttl~ - A Hun ~t'lled form, fine 
lamel~.r crvs'l('d-l~'m('U.ar :~<tru~;turt: 

fonns the hmge 

Crossed-lamelbr Complex crosstd- hn, ' I"h1n ln\'o-.tr.tc.ll ~nd~ 
lamellar pn .. mati~..· txM.uh umbo 

Crossed-~mellar Comple~ c~- Int.h.,tantt 
lamellar 

Crossed-lamellar Complc't crOSS«< Pn .. m.\tl<: l 1n1om.ll1t: 

Jamell:1r 

Ctossed·lamellar Comple;< t,;rO!.~d- Tbtn, 
lamellar pn~mauc 
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stracum beneath the pallial attachment, but no adductor myostracum was det ected. 
In a recent review of the Crassatellacea (Boyd & Newell r g68) a diphyletic origin 

for the superfamily was suggest ed. Our observations on the differences betvveen the 
Crassatellidae and the Astartidae would tend to support this suggestion. The 
features of the Permian Oriocrassatella elongata described as ((crater-like blisters in 
umbonal cavity" (Boyd & Newell, rg68) appear to be cavities left by the solution of 
myostracal prisms in the inner layer. 

CARDIACEA 

(Plate 3, figs r - 4; text-fig. 8) 

Fifteen species of this group have been examined structurally and twenty 
mineralogically. The shell is aragonitic throughout. 

Tvvo main shell layers are present, an outer crossed-lamellar layer which forms the 
hinge and an inner complex crossed-lamellar layer which is bounded by the trace 
of the pallial line. In the outer layer the first order lamels are quite large and are 
aligned concentrically everywhere except for the hinge (Plate 3, figs r, 2 & 3). 
Transverse sections show that the strong ribbing of most species of this superfamily 
produces complex patterns of first order lamels in the outern1ost part of the outer 
layer. This layer becomes very thin in the umbonal area and is frequently eroded 
and lost . There is a prismatic pallial myostracum in most Cardiacea, (indistinct in 
some species) which separates the inner complex crossed-lamellar layer. In 
Laevicardi'lltm alternatum the inner and outer layers are in direct local contact and the 
blocks of laths in each layer show structural continuity. Sections cut through the 
adductor muscle scars of some species show lenses of myostracal prisms. Bands of 
myostracal prisms associated with pedal muscles were seen in the umbonal area of 
Trachycardium consors. 

Cl 

CCL 

PM 

FIG. 8. Radial section of Cerastoderma edule. CL = crossed-lamellar, 
PM = pallial myostracum, CCL = complex crossed-lamellar. 
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TRIDACNACEA 

(Plate 3 1 figs 5- 8; text-fig. g) 

This is a small superfa1nily closely related to the Cardiacea (Stasek, rg6z); 
included genera are Tridacna and Hippop1;f;S. Four species have been examined 
structurally and mineralogically . The shell is \Vholly aragonitic. 

The shell is very thick, with tvvo shell layers, an outer crossed-lan1ellar layer and 
an inner con1plex crossed-lan1ellar layer \¥hich is bounded in extent by the trace of 
the pallial line. In the outer layer the first order lamels are large (Plate 3, fig. 6) 
and arranged concentrically in all but the hinge area. The strong ribbing ho\vcYer 
causes an apparent con1plex pattern of first order latnels (Plate 3, fig. 4). There is a 
thin prismatic pallial myostracun1 in all the species examined. The inner con1plex 
crossed-lan1ellar layer is son1e\vhat variable in charact er; in the three species of 
Tridacna studied the structural elen1ents arc fairly coarse and interleaved \Vith thin 
sheets of myostracal-prisn1s. In Hippopus ho\vever the structure is very fine vvith 
an almost hon1ogeneous appearance and with 1nany fine pr1sn1atic sheets (Plate 3, 
figs 7 & 8) . Higher 1nagnifications (Plate 3 , fig. 7) show that the structure consists 
of sheets of fine needles. 

All species show very strong daily gro\vth bands in both layers and show prismatic 
pedal and adductor myostraca. 

PM CCL 

FIG g. R adial section of T rulacna 1-na:n ·ma. CL = crossed-1a1nellar, CCL complex crossed
lamellar, Pl\I = pallial myostracum . 



Species 

H ippopus hippopus 
Linnaeus 

T ridacna crocea 
L amarck 

Tridacna maxima 

Name 

E nsis ensis 
(Linnaeus) 

E nsis siliqua 
(Linnaens) 

Cultellus lactuosus 
(Spengler) 

Siliqu,a sp. 

Solen truncata 
(Wood) 

Locality 

Australia 

East Indies 

Indian Ocean 

Locality 

Britain 

Britain 

India 

E cuador 

Ceylon 

Mineralogy 

Aragonite 

Aragonite 

TABLE 7 

T RIDACNACEA 

Outer layer 

Crossed -lamellar 

Crossed -lamellar 

Inner layer 

Corn plex crossed
la mella r 

Complex crossed
lamellar 

Aragonite Crossed -lamellar Complex crossed-

Myostraca 

Pallial Adductor 

Thin, 
prismatic 

Thin, 
prismatic 

Thin, 

Thin, 
prismatic 

Thin, 
p rismatic 

Thin, 

Observations 

Prism bands in inner layer 

Prism bands in inner layer, 
pedal m yostraca 

lamellar prismatic prismatic 
Myostraca 

Prism bands in inner layer, 
edal myostraca 

Mineralogy Outer layer 

Aragonite 

Aragonite 

Aragonite 

Aragonite 

Aragonite 

Finely crossed
lamellar 

Finely crossed
lamellar 

Finely crossed
la mella r to 
homogeneous 

Finely crossed
lamellar 

Inner layer 

H omogeneous, 
lamellat e 

H omogeneous, 
lamellate 

Homogeneous, 
lamellate 

Complex crossed
lamellar 

P allial Adductor 

Thin, 
prismatic 

Thin, 
prismatic 

Thin, 
prismatic 

Thin, 
prismatic 

• 

Observations 
• • 



• 

SJ'"'( lt"S 

H•tf'r>pus lttppof'' 
Lannotl'U'i 

T1 rJilnr.J aou" 
L:amarck 

TriJn.-,..1 mtHHM 

Rcidmg 

Ttu/a.·,a JquarnOS•I 
Lam..thk 

N;unt 

Alaetoden ~;lnbMtn 
(Gil'lehn) 

,\1 art m rora/li "a 
(r .lllll\"U.IU'i) 

.Untfta lrurMt>~uw 
Plulipp1 

J/a(IW pro.ltult' 
An gilt~ 

.\lo~hQ r•r(l/aua 
SuiJ.nder 

\lafPPtU/Itl du#.t 

u.u 
. \/;Jr/t(UttlliJ ~lolrlo 

(l.or.. l'l 

• lJ.,/Iflif p.tlf/lt/(1 

Locothty 

,\u .. uah• 

l•:a-,t ln•hc!<> 

I nch.an lK~.ut 

lmhan C_l.;C"an 

I .ot.Jhtr 

~cyc.helles 

Hnt~tin 

11)11hJ I})II:'IC' 

f'\•1t j .u; k'i-Qn 

"I r<~nqucWr 

li,; u.ulo •f 

\\' ,\mt·rac;·a 

Et u:ulor 
Btoc.h:nr & Sow~rbr 

Rart., tmd•iltJI.r 
(Could I 

Spr ruJ,, JoliJCJ 
(l.mn,,~u!) 

CardflM ,n.,t/uu 
( 0.-.h• )'<•) 

o\lnflt'('fittma llcl"fil 

PhlhfJJ'>I 

Nnmc 

/!u~h tthu 

(LuuM.:u~) 

£m;u ulliJ•M 
(L:mn.tt·ns) 

Cultdlus /atiU<~lu r 

(Sf"'nBI<-r) 

.Stlfq'"' lP 

Solt>•t tt u..- .Jia 
(\\'ood) 

l::<uoulor 

Unt.un 

lth.holll 0\.ean 

EcuJtlur 

Ltt~ •• ahty 

Unt.~m 

Hnt.un 

lndt.a 

l.O:Cuador 

(4"\'104 

TABLE 7 

TRIDACNACEA 

'lmc.•ralngy Outer lotycr Inner layt"r 

Ar.1~omt.e Cfth.....d-l.lmelbr Complex ( r<IS.-,.ed · 
lamellar 

,\ra~omte C rus'!ot."Cl • l.J.mella.r Complex cro:s...ed~ 
h.melLu 

.r\r.lgOOitC Cros>e<J-bmellar Complex uos.ioed· 
bmdlar 

. .\r.u;omte Cro-.sed-lamellar Complex (tos~ .. l-
lamellM 

TABLE 8 

MACTRACEA 

MulCI'<Liogy O uter layer t nner 1.1yer 

Arngo111te Crosscd·laUlella.r Complex cro:;sed-
lamellar 

Aragomle Cross(.-d-lamellar Complex crossed· 
lamellar 

1\tt.~gon1te Crossed-lamellar Complex cro~-;cd-
la.rnellar 

.l.ra~ontlt· Cro~'>t.-d-IJ. mt'lla.r Compfex cro:>'1-W· 
latneUar 

.\r.tgomte CrosM!d·lamellar Complex cros.:.ed-
b.mf"llt~r 

c\ragunatt' Cr0">-.00 -1amt-Har Complrx C'rOtOso.·,J · 
I~Uar 

~\roagomte C~·Iamdlar Complexu~· 
la.mdlar 

.\r:ag~·mte Cro......t-Iamdlar Complex cros~ ~ 
lamellar 

.\r.IJ;Onllc." C...,...,..)-lamellar Complex tr~· 
lamellar 

• \r.t.J!:"Dlle Cn...,.;;~l·lamelll.r Complex cros.:.ed· 
bmelbr 

Aragnntte 

Ar<Agontte 

TABLE 9 

SOLENACJ';A 

l\huer,tlugy Outer l;:a.ycr [nncr layer 

.\ra~'"ute F1nely crossed .. H omogencous, 
laulellar lamellate 

.Ar-.agow t.e Fmely cros.st.-d· Homogeneous, 
Jamcllar lamell.ote 

Aragnmlc Fint1v crossed~ Homogen~us, 

li:Ull.t:llar tO lameU.ate. 
bomvgeneous 

Aragorut~ Ftndy crossed· Compln cros.~· 
lamcllar 1ameli3J' 

Aragomtr 

\tymtr.u...~ 

lll$•n .. .&IIOII' 
l'Jllul ,\tMuc.:t••• 

Than, nun, f'rism l~u••lt m umt·r l~yer 
pn~moatu.: prnm;1t1C 

lhm, Thm. Prism hiul\li 10 lnnc.·r l.&H:r, 
pn .. mahc priim.ltiC [l('d.ll lll\'U3.tf;i(.& 

Thtn, nun . l"n'-"' 1-t.md1 an mnrr Ll)-er. 
pn,..m.ltlc rn'\m.\tic ~l.1l m\"01\tr,lQ 

Thtn, l tun, Pn1m h.lll•h an mn,.r l.1yer. 
pn~m.,, •. :.. rn-,rn:..t&•; rteti.,J myo--tr.h .. d 

~f\'thlf,lLI 
nh·.crvaln:tn'i. 

P:-tlhal ,\dd Ut 'l•ll' 

Than, ~'I• Jl IK't'll 
pn,math· 

Not set'n ~ot fk•Pn 

~ot 'it.·cm :-\ut H't'n 

l nth<;,lllf1 , l ndl'lllnn, 
pn-..mat•~ pnli.nl.•1 u· 

·n \m, I hm, 
pr·o.m;lttL J•n .. m.ttJc 

Tlun, ~C'II t.t'f·n 

pn~mat.l( 

lhtn • !\ottccn 
pn .. m.t.tic 

Than • :\oc acen 1 hm b.-md'\ ol myo-.tracal-
J)(1-..m.~t•c l\'])('1 Jlrll'<PI~ m the mner 

I.1~Tr 

Thm. Ttun, I ban OOn.l-1 c·f nwo .. tr.ual· 
pn~m;thc pri"m .. tu: \)11C pn,nu 1n th~ IOO("t 

1.1 p·r 

lhm, :\•:,t ..-e-n Inner l.n·f'r ,·rry fine, walb 

pn\mol\t•' sbaots ul myour.al:'al·l)'p!' 
J1fL<i.IU'5, f'MLd 111)'0!1lr.lCJ. 
\'l>lhle lx"ne.tth umbo 

;\I yn~tr.tC;t 
,....------"---, () b!-~'I'V .:lliUII!\ 

Pallut1 •\,ltluetur 

Tl11n, 
prismat:u; 

Thm, 
J•nSIU.\liC 

Thm, 
pno;.matn:: 

Tlun. 
pnlmatic 
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MACTRACEA 
(Plate 4, figs r & 2; text-fig. r o) 

Thirteen species have been examined mineralogically and ten structurally . The 
shell is entirely aragonite. 

There are two shell layers in all species examined, an outer crossed-lamellar layer 
and an inner complex crossed-lamellar layer bounded by the pallial myostracum. 
In the outer layer, the first order lamels are arranged concent rically and in this super
family are characteristically very fine (Plate 4, fig. 2) . The layer is usually very thin 
and worn in the umbonal region but forms most of the hinge. In Spisula solida the 
crossed-lamellae are finer than in most other species and appear homogeneous in the 
inner parts of the layer. The inner layer of this species also has a very fine structure 
and sheets of myostracal prisms are present. These sheets also occur in R aeta 
undulata. The separation of the two layers is sharp (Plate 4, fig. r ) but the pallial 
myostracum is thin and indistinct in most species. The adductor myostraca are 
also poorly defined. 

SOLENACEA 
(Plate 4, fig. 3) 

Seven species have been examined mineralogically and four structurally . The 
shell is aragonitic throughout. Two main shell layers are present, an outer crossed
lamellar layer which forms the hinge and an inner homogeneous layer bounded by the 
trace of the pallial line. In the outer crossed-lamellar layer the first order lamels 
are very fine and arranged concentrically to the shell margin over most of the shell. 
Locally this layer may appear homogeneous. A very thin prismatic pallial myo
stracum, best developed below the umbo is present in all species. The inner layer of 
all the examples appears homogeneous with a striking lamellate appearance. 
Electron-microscopy of the inner layer of Ensis siliqua shows that the apparent 
homogeneous layer is in fact built up from layers of very fine complex crossed
lamellar structure (Plate 4, fig. 3) which alternat e with bands of fibrous appearance 
v;hich may be organic matrix. Etching reveals the presence of a reticulum of organic 
matrix sandwiched between carbonate laths. 

CL 

CCL 
PM 

FIG. 10. R adia l section of 1\1 actronella exoleta. CL = crossed-lamellar , CCL = complex 
crossed-lamellar, PM = pallial myostracum. 

• 
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TELLINACEA 

(Plate 4, figs 4, 5 & 6; Plate 5, ftgs 1-7; Text-figs r r - 15) 

Thirty-one species have been examined mineralogically and twenty-four optically. 
The shell is totally aragonite. 

Most of the species we have examined have three layered shells (Plate 4, fig. 4), 
vvith an outer composite pristnatic layer, a middle crossed-lamellar layer and an 
inner layer which may be made of con1plex crossed-lamellar or hon1ogeneous struc
tures. The inner layer is, as usual, bounded by the pallial trace. In Egeria radiata, 
Flor'l·metis corrugata, Psan~rnotea radiata, M acoma balthica, T ellidora burnet'i and two 
species of Solenotellina, there are however only two shell layers, an outer crossed
lamellar layer and an inner, complex crossed-lamellar layer which is bounded by the 
trace of the pallial line. Truen1an (1942) described a threelayeredshell in Tellinatenuis. 

The outer composite prismatic layer of three layered species is usually very thin 
and is frequently worn avvay from the umbonal area. It consists of horizontal first 
order prisn1s, arranged radially from the umbo. Each prism is built up of fine 
needle-like second order prisms (Plate 4, figs 5 & 6) which are arranged in the 
characteristic divergent feathery pattern seen in longitudinal section. This layer is 
at its thickest d evelopment in the Donacidae and Semelidae, vvhere the arrangen1ent 
of first and second order prisms is very clear. The Donacidae develop strong internal 
marginal denticles with a resultant thickening of the outer shell layer (as in the 
Nuculidae). . 

The middle layer of three layered shells and the outer layer of two layered shells is 
built of crossed-lamellar structure vvith rather fine concentrically arranged first order 
lamels (Plate 4, fig. 4; Plate 5, fig. 3). This layer fonns the hinge in all species 
examined. 

The inner layer of n1ost species examined is built of complex crossed-lamellar 
structure (Plate 5, figs 5 & 6) although as in the Solenacea the fabric is so ftne as to 
appear homogeneous under light microscopy (Plate 5, fig. 7). Electron-microscopy 
reveals that this is very fine complex crossed-lamellar structure. In some species 
Quidnipag'ltS palatatn, As aphis deflorata, and Psa;nuzotea radiata thin prismatic sheets 
are developed. In Sen'Lele tortruosa these occupy most of the inner layer (Plate 5, 
figs r & 2). The inner layer is also often markedly lamellate caused by the presence of 
thick sheets of protein matrix which presumably account for the flexibility of 
these shells. 

Most species possess a thin prisn1atic pallial myostracum (Plate 5, fig. 2) although 
this may be indistinct in some and n1arked only by a sharp break in growth lines. 
Sections through adductor muscle scars reveal pads of myostracal prisms whilst thin 
prismatic bands of the trace pedal muscle attachment were seen beneath the hinge 
line in Psammotea accidens, Solenotelz.ina diphos, and Tellina calcarina. 

A 'so called ' new shell layer called the n1osaicostracum has been recognized in the 
Tellinacea on the basis of surface morphology by Han1ilton (r g6g). We are uncertain 
how this relates to the layers recognized herein. 

¥le have examined the fine structure ofSemele tortuosa, Do11axjaba, hecuba scortu;n, 
Tellina radiata, Qtttidnipag%s palatam, Asaphis deflorata and Scutarcopagia scobinata. 



Name 

A sap his deflorata 
(Linnaeus) 

Donax asper 
H anley 

D onax epiderntia 
Lamarck 

-
Telli nella v-irgata 

Linnaeus 

T ellido?'a b~trneti 
(Broderip & 
Sower by) 

Locality 

Seychelles 

Ecuador 

Brisbane 

Indian 
Ocean 

l\1azaltan 

Mineralogy 

Aragonite 

Aragonite 

Ar agonite 

Aragonite 

Aragonite 

The following species are a ll aragoni tic:-
Donax denticulatus W . Indies -

Linnaeus 

Donax I ransve rsus Ecuador 
Sower by 

Gastrana fragilis Italy 
(Linnaeus) 

Scissulina dispar Seychelles 
(Conrad) 

Solecurtus broggi 
Pilsbry & Olsson Ecuador 

Strigilla carinaria Ecuador 
(Linnaeus) 

Outer 
layer 

Composite 
prismatic 

Composite 
prismatic 

Composite 
prismatic 

Composite 
prismatic 

Crossed-

TABLE IO 

TELLINACEA 

Myostraca 
Middle Inner 
layer layer Pallial 

Crossed- Corn plex crossed- Prismatic 
lamellar lamellar 

Crossed- Complex crossed- Prismatic 
lam ellar lamellar 

Crossed- H omogeneous/ P rismatic 
lamellar complex crossed-

lamellar 

Crossed- Complex crossed- Prismatic 
lamellar lamellar 

H omogeneous 

Adductor 

Prismatic 

Observations 

Inner layer fine, banded 

Inner layer lamellate 

Inner layer lainellate 

Inner layer lamellate 



, 
TABLE 10 

TELLINACEA 

l.ocality Out-er 
Myostroca 

Name M mel'nlogy Middle loner Observations 
layer layer layer Paltial Adductor 

' A sap/us d~floraJa Seychelles Aragon.tte Composite Crossed- Complex: c.rosscd- Pnsmatic Prismatic Inner layer fine, banded 
{Linooeus) pnsmntic 11\.meJiar lamellar 

Domu asptr Ecuador Arogorute Composite Crossed- Complex crossed· PrLS.matu; 
Hanlcy pnsm.atic la.m~Uar JameUar 

Dout~~ ~"/>itlf".,.,ia Brisbane Aragonite Comp<>Site Crossed- Homogeneous/ Prism a be - loner layer lamellnte 
Lrunarcl< pnsmatic la.nellar tomplex crossed-

l;:unellar 

Dtma;t· faba Cmelin Swan l~iver, A •·agon.ite Cc:unpositc Crossed .. Comple-x cros.....ed- Prismat·ic 
Australia pr-ismatic lamellar lamellar 

Domu· llttlaJrts Bnta•n 1-\ragomte CQmpOS•tt!: Crossed- Homogeneous/ Pnsmatic - Inner layttr lameHt~te 
(da Cosru) prismatic t .1mellar eomptcx c ros.-;ed-

lamellar 

EgMia Yadiata S. lihgcri~ Aragomte Cros:;ed- - Complex crossed- Pnsntattc 
(.Lamarck) lamellar lamella r 

Flortmelts cormgata Ecuaddr Aragonite Crossed- - Complex crossed- Pri.so\otlic - ·rubules> in 1nner lt'lycr 
{Sower by) laotell\l_r lamellar 

H tcuba sccrtwn S. Mrica Aragorute Compos1te Crossed- Homogeneous - r...atncUat~ umer layer 
{Linnacus) pnsmatic lamellar 

Mcuoma ba-llluw Bntrun Arngomt~ CtO!>std· - Complex CJ'Ossed- Pnsmo\t1c 
(Lmoaeu•J lamellar lamellar 

Ps.1mmotca oecidc.•P~s Phthppint.s Arngonitto CorupOSitl! Crossed- Homogcneott!i Pri!)malic - J nner ldyi:r huuoll.Llc: 
Desb::-yes pnsmot1c lllrnellar 

Psammt>tra radlnur Seychelles A.rago11ice Crossed· - Complex crossed- Prismatic - Pnsm ba.11ds m mner layer 
(Pbilippi) l.atnell::tr lameUar 

Quid?Jtpaga$ pal<1tam Scyebelles Aragonite Compbsit.c Crossed- Comple.x crossed- Pnsm.lltC 
lrad~lc pri~matic lame11nr lamellar 

Scrob~eulana Ecuaclor Ara.gomtc Compostt6 Crossed- Corn plex crossed- l.)rismati~; 

magua ($pengler) pnsmatu; hmellar l~meU3r 

Swtarr.t}pngia Antilles Angonite Con'lpOSite Crossed- H.omogeneous - - [nutr layer- l;~.nli:II<Lte 

Jinguafdis 
(l...1nnneus) 

prismatic 

StltlarwpaglO «,_Jueensland ~-\ragol'ub: Composm: C1ossed- Hou\ogtuOOuS; - - Inner layer Llmellate 
scobuoata. prismatic lamellar 
(Linnacua) 

Stmele lnr-luosu Ecuador Ar.1gonite C-ompostb~ Crossed- Complex cros"ed- Prisroi).t•~ - \~er}' lh1ck po.1lhal 
(C. H Adorns) pr1Sill<\tt(' lamellar lamellar myostracum 

Sem(/( sp Ecuo1dor :\r<!gon1t~ Compos1t.e Cro>sed· Homogeneous - - Lamellate 1nnN layer-
prismatic:: l<utl'llar 

Solt..turlus stngll- ~Jedd:tr- Comp<>Sih! CqmpOSllc Crossed- Complc.x crossed- - - Inner htvc:r !dowJiate 
lat-us Blainvtllc ran~an pnsmattc l;~meUar lamellar 

So/NIJ<Jtellttta drpl:os IndiA .\rngon•te Crossed- Complex cro<;sed· Pn<;nlatic - 'I hm vrism bands 10 utntr 
(Sowerby) lnmellar lnmellar layer, pedal myostrnca 

lwneath umQo 

SoltnolfllwCJ Swan JUver . . \ragoLutc Cro<>sed- Coropl{!x crossed- Pnsmat&c Pnsmat1c Tnner layer l.uoellate 
bircldlal<f (\\'oud) Austraha lamellar lamcJiar 

;llacoma ealcaua C.rl.~nlnnd \ragomte Com~ite C m,:;.t;cd- Complex crossed· Pnsmahc - Prism bands present m timer 
(Cmelio) pnsmat1c J:uuetlar 13mellar I,Lycr li•.mcatlt hmg..: 

Tell•n« ta<ilalu w [ud.ies .-\ragonlte Corn posl lt' Crossed- Hou'logeneous - - 1 nner layer lamellate 
Lanno:teus prlsmatic lamellar 

Ttt/Jmdfa t•ngula [ndJa.n .\r~~~onJlc LOIUIJOSltC Cross ... <tl- Comph:x crossctl- Pn~m.t.tJc - lnnvr loJyer lo1mellat...-

I J...innaeu;, O<:t->3.0 JlO'>n'l.llll.;. J.,mrll,lr lamellat 

Tt/ltdl)ra lwrmiJ :\'laz.altan Arago111te CrosJ>l'd· Homogeneous - - lno<'t l;:.yer lamellate 
(.Brodcnp & 
Sowcrby) 

Tb.e followu\U $pel.i•es a.re all :u;~gon•tl~ -
Dona~ de,lflc•r{fll"~ W lnd1es 

L11tnaeus 

Do ua;r lru US1!t' , .>," Ecuador 
Sowerblo· 

GastramJ j,-ag•lu llaly 
{l..innacus) 

Sassi4lma dr:,Pf" Sc:yc.belles 
(Coor•J) 

Soleturt:l,<: ln·ogg' 
Pilsbry & Ob,sou Ecuador 

Stngilla CQflrthlifJ Ecuador 
(Lmuaeus) 
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CP 

PM CCL 

CL 
FIG. r 1 . Radial section of Donax faba . CP = composite prismatic, CL = crossed

lamellar, CCL = complex crossed-lamellar, PM = pallial myostracum. 

CP 

PM 

CL 
FrG. 12. Radial section of H ec'll6ba scortu'm. CP = composite prismatic, CL = crossed

lamellar, Pl\1 = pallial myostracum, CCL = complex crossed- lamellar . 

CP 
CL 

CL 

CCL 

FIG. 13. Detail of a radial section of H ecuba scort'lltm showing a lignment of cr ystallites in 
t he outer composite prismatic layer (CP), and of lamellae in the middle crossed-lamellar 
layer (CL) . 

FIG. 14. Radial section of l'vfaconza balthica. CL = cr ossed-lamellar} CCL = complex 
crossed-lamellar, PM = pallial myostracum. 

CL 

CCL 
PM 

FIG. 15. Radial section of Solenotellina sipho. CL = crossed-lamellar, CCL = complex 
crossed-lamellar, PM = pallial myostracum . 
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GAIMARDIACEA 

(Plate 6, figs 5 & 6) 

Only one species was exa1nined from this sn1all superfamily, it is aragonitic. 
Gain~ardia trape=ina (Lamarck) fron1 Tierra del Fuego has a two layered shell. Both 
layers are made up of homogenous structure ; the constituent crystallites are very 
small about o ·s !.L in diameter and have irregular rounded outlines so that the 
structure appears granular (Plate 6, figs 5 & 6) . The t \\70 layers are separated by a 
thin prismatic pallial myostracun1. 

ARTICACEA 

Four species of this group have been examined structurally and six mineralogically. 
The shell is entirely aragonitic but there is some variation of structure \vithin the 
superfamily. 

In Trapeziun~ and Coralliophaga there is an outer crossed-lamellar layer and an 
inner con1plex crossed-lamellar layer bounded by the trace of the pallial line. The 
primary lamels of the outer layer are very coarse and are arranged concentrically to 
the shell n1argin ; this layer also forms the hinge. There is a thin prismatic pallial 
myostracum dividing the layers. 

In Arctica islandica there are two shell layers, but in contrast to the other members 
of the family, both layers are built of homogeneous structure. The two layers are 
separated by an extremely fine prismatic pallial1nyostracum along \vhich there is a 
distinct break in growth lines and shell layering. Details of the fine structure of the 
homogeneous structure were given in Taylor et al (rg6g). 

A specimen of Calyptogena ponderosal a member of the problematical family the 
Vesicomyidae 'A'as examined. Me1nbers of this family exhibit certain similarities 
with both the Veneracea and the Arcticacea, Boss (rg68). The shell structure 
consists of two homogeneous layers and in this respect resembles the Arcticacea 
more than any other superfan1ily and is thus placed here for convenience. A similar 
conclusion was reached by Oberling & Boss (1970). 

DREISSENACEA 

(Plat e 6, fig. 3 ; Text-fig. r6) • 

This is a small group of byssat e freshwater bivalves of which \Ve have examined 
one species structurally and three mineralogically The shell is aragonitic. 

In Dret'ssena poly nttorpha an outer crossed-lamellar layer (Plate 6, fig. 3) and an 
inner complex crossed-lamellar layer are present; the former forms most of the hinge. 
The layers are separated by a thin prismatic pallial myostracum. The primary 
lamels of the outer layer are arranged concentrically . 



TABLE 11 

ARCTICACEA 
Myostraca 

Name Locality Mineralogy Out er layer Inner layer 
Pallial Adductor 

0 bserva tions 

Coralliop haga Mollucas Aragonite 

coralliophaga (Gmelin) 

Trapezium oblongum Indian Ocean Aragonite 

(Linnaeus) 
Calyptogena p onderosa G. of Mexico 

Boss 

Aragonite 

A rctica islandica Britain Aragonite 

Linnaeus) 
~-..\...-

Corbicula occidens 
Deshayes 

Corbicttla sp. 

Cyrena inflata Say 

P olymesoda anomala 
(Deshayes) 

V elorita cyprinoides 
(Gray) 

Corbicula C01'data 
(Morris) 

Corbicula cuneij ormis 
(Sower by) 

Cyrena consobrina 
(Cailliaud) 

P isidium amnicum 
Muller 

I ndia 

Lake 
Nyan za 

Nicaragua 

E cuador 

Mangalore, 
I ndia 

Aragonite 

Aragonit e 

Aragonite 

Aragonite 

Aragonite 

Sparnacian, Aragonite 
Britain 

Spam acian, Argonite 
Britain 

Notts. , 
England 

Aragonite 

Aragonite 

Crossed-lamellar Complex crossed
lamellar 

Crossed-lamellar Complex crossed
lamellar 

llomogeneous F!ornogeneous 

Prismatic 

Prismatic 

IIornogeneous llomogeneous Thin, Indistinct Thin prismatic bands in 
prismatic inner layer . P rominently 

Finely crossed
lamella r 

Finely crossed
lamellar 

Finely crossed
lamellar 

Fine! y crossed
lamellar 

Fine! y crossed
lamellar 

Complex-crossed
lamellar 

Complex crossed
lamellar 

Complex crossed
lamellar 

Complex crossed
lamellar 

Complex crossed
lamellar 

I ndistinct 

Indistinct 

Thin, 
prismatic 

Thin, 
prismatic 

Indistinct 

hao~ed very regti ar columns, as 1n the 
Limopsacea 

I nner layer as above 

I nner layer as above 

T he pallial myostracum is 
discontinuous 

Thin sheets of myostracal-type 
prisms are p resent in the inner 
layer 

I nner layer as in C. fluminea 



TABLE 11 

ARCTICAC£A 

Name LocAhty Mtn~n.lngy 01.1ter layer 
~lyo>tnca 

Inner- loa. yer • Ob!.crv<Jtloni 
P~Jhal Adductor 

Coralltophogo 
ccwalliophaga jGmelm) 

M otluc:;J.S Ar.u;owte Ctossed· lamt:Uar Complex <fO>.><'<i P'nf.manc 
lamellar 

Trnputum olllongum 
(Linnaeus) 

Ct,lyptogtt~uJ f>o"d~tosa 
& .. 

~ ,.clu.a iskmiltcu 
(Lmnaeus) 

A ,.cltca plana 
(Sowerby) 

..t ~tl•ca c<Wdifonn•s 
j:iowerby) 

Specu~& 

DP'trSS~tra poly morjlhtl 
(Pan .. ) 

IndLa..n Ocean 

G. of ~.'lex1co 

BntaJo 

Terbary, 
T hancb.ln. 
Bnbm 

Cretaceou~. 
Alb1an, 
Bntat.n 

Locabty 

Notts., 
England 

Arf'gon 1te 

Aragmute 

Aragu111te 

.\ra~nmtf" 

.\rJ(Onltf' 

Mmrralogy 

ArllgOnltl' 

Crosc;ed·lamellar Complex eroc.c;ed · 
lamellar 

Hon\ogeneous Homogcn(.."QUS 

f-1omogeneous Homogeut."'u:» 

T ABLE 12 

ORE ISSE NAC EA 

Out er layer l ooer IJ.ycr 

Crossed-lamellar Complex cro~"<l· 
larnt:Hur 

Pn.,mat •c 

Thin, 
pn~;nmtlc 

I ndlst ulc.t 11un prtsmat.•c btmds m 
tnner layer Promull'n tly 
banded 

Myostraca 
• Observatcuni 

I '.tlll..tl Adductor 

lhm Outer layer fonn!J hln.uc 
prls-m!'lllc 

Du•'suua poly mo.,plta Bessaralua \f,IRCIIlitc 
jPallas) 

/)rnsttrra af ,.•cana N1gena ;\ r• 'G<mlh~ 
van Bcneden 

D t tHSttta lwandal Eocene. \roagomle 

Spe<oes 

G/os~u~ hutttanus 
(Ltnnaeus) 

GlrJs~us Jmmaru's 
( Lmnneus) 

.\l~t•.:>t:a,duJ ltuna1cltu 
(R .. ve) 

Spe<oes 

(.' o~b1cu/n ftum J tu a 
(l..o.morck) 

C~~tbrrula ocCJdeus 
l>eshayes 

Corbuula ~p. 

Cp.:na tnftala Sa.y 

Pol) rJW.$0Ja ancm.Ua 
fDdhayes) 

l't/(.,114 tJ·Pn'"".Us 
(<;r>y) 

W rbJCula wtdiJI4 
(~1orns) 

Corbrcula Glllll'tj(U mJS 

(Sowerby) 

Cytcr1a consobrina 
{~•llmud) 

Putdi JHrt omrticum 
Muller 

Bn t.:un 

Locabty ~hnt·r.alogy 

Isle or Man ArotgoniiC 

Pleistoceoe AI'Jf.:UHitt-' 

ltalr 

jajMn .\r.igumtc 

Locaht.y ~hnt·r.tlogy 

j ,\fMD Ar.a.gon1h: 

India. .\I".JI;VIIIh" 

Lake ,\r.•.:unlltJ 
t-;y.-..nza 

Naca.ragua Ar.lJ(urute~ 

Ecu;a.d<»r Augorute 

)langa)ore. ~V'.1gonatc 

Incba 

Sp..tn.lt;JU, :\n.guu1h: 
Bnwn 

Sp3mac1.m, l\r~vn1ll· 
Bn taw 

Notts, 
Eogl.tud 

.A r,,gu nil•• 

Ar.t.con•le 

T ABLE 13 

GLOSSACEA 

Outt:r la.yer Inner la ycr 

J fomogcneous Complex tros..._.-.ed-
lamellar '"lb 
bands of 
myostr;u;al- typt-• 
pnsms 

11 omugencous Complex <.J'O~t'd 
Jamcllil.T wllb 
bands o( 
myostrac:a1-tnl(' 
pn$mS 

C ~')t.'<I-Ll.mella.r Complex (.~1· 
Jam•ll.u-
Structure 

TABLE 14 

CORBICULAC EA 

Outf"r layer 

Fmdy uo!i.S(.-d
lam~?llar 

1•1ndy crossed-
a.,.ndlar 

I· indy crossed-
1.\mell.u· 

Fmd)• crossed-
1.lmdl.1r 

FaMly uOSbed-
bmrtbr 

Inner layet" 

Complex·cros~t-d~ 

lame11ttr 

Complcx-cro!tM·•I -
lan:telldl'" 
Complell: c.:r~-,ccl 
bmellar 
Complex ul)!rSC!j-
lamellar 

C<>mpkx croo.ed· 
l.a.tDelldt 

'1\fnlUC.t 
• O~r\'al1um1 

l'.alh.tl .-\ddudor 

nun, 
I•MSO\J.llC 

nuu, 
pr•tttn.l1 i• 

rtun, 
pn').m:ltll' 

fhm, 
pnsm,ttiC 

l lun, 
prism-at•(' 

My&n~trac..t 

I'Jlh.ll \ddu~.;tor 

'tan}T pnsm b,;unb rn U\1\rr 
la}'er 

Prism btlnds 1n mncr l.ayer 

Olbcrvatrons 

lnd,:,lm~t - The comple)(-UO~ IJnwll~~r 
layer shO\\ s lalb!io a .M onJK••d u• 
very regular column!l, ;'!!:Ill lhr 
L1mop~cca 

Lml•,t•nc:t 

Jn4hsh1Hl 

lbw. 
t·n~m.at•c 

Than. 
vmm~tac 

rnner layer t).S abuv•• 

[nner layer as .tbovc 

The pa.llwl wy(.X)tr.t.cum '" 
discoououous 

Thm sheets of m)•tt.Kal ·t)'flC' 
pn.:..rru. a~ p~nt w tbe mnt-r 
l.ayn 

l·anrl~· cr-o-.~- Comple!it C!"'SSr'd· Jnc..IL!!-UDlt Inner byer as m C. Jf•"""'" 
~mdlu- l.amdl01r 
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GLOSSACEA 

(Plate 6, fig. I) 

Two species of this very small superfamily have been examined structurally and 
rnineralogically. The shell consists of aragonite. 

In Glossus humanus there is an outer layer which is largely homogeneous and an 
inner complex crossed-lamellar layer which is bounded by the trace of the pallial 
line. In some specimens and in some parts of the shell there is a faint vertical 
structure similar to crossed-lamellar structure (Plate 6, fig. I) . The inner layer is 
built of rather fine lamels and in all specimens there are many thin sheets of myo
stracal prisms. In very old individuals where the inner layer is thick these prism 
sheets become abundant and closely spaced ; in some irregularities develop and 
spherulite patterns appear in some sections. This is probably due to the develop
ment of corrugations upon the accretionary surface. 

In M eiocardia lamarckii there is an outer crossed-lamellar layer in which the lamels 
are distinct and arranged concentrically; within this there is an inner complex 
crossed-lamellar layer bounded by a thin prismatic pallial myostracum. 

CORBICULACEA 

(Plate 6, figs 2 & 4) 

Six species of this superfamily have been examined structurally and ten miner
alogically. The shell is totally aragonite. 

Again two shell layers are present, an outer crossed-lamellar layer which forms the 
hinge and teeth and an inner complex crossed-lamellar layer bounded by the trace of 
the pallial line. In the outer layer the lamels are rather fine and arranged concen
trically (Plate 6, fig. 4). In most forrns no prismatic pallial myostracum is visible 
only a dense granular zone separating the layers. Prisms are however det ectable in 
Polymesoda and Velorita cyprinoides. The inner complex crossed-lamellar layer is 
always built of rather coarse laths, and in all species of Corbicula examined and in 
Velorita these are arranged in columns as in the Limopascea (Taylor et al, Ig6g) . 
Tubules were seen in Pisidium a1nnicum. 

B 

CL 

CCL 

FrG. r 6. Radial section of Dreissena p oly l'n orpha. CL = crossed-lamellar, CCL = com
plex crossed-lamellar, PM = pallial myostracum. 
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VENERACEA 
(Plate J, figs I- 5; Plate 8, figs I - 5; Text-figs 17- 22) 

This superfamily includes a large number of extant genera and species, conse
quently we have examined over fifty species structurally and mineralogically. The 
shell is aragonitic in all species . Both B0ggild (1930) and Oberling (rg64) stated that 
the distribution of shell structure types is highly variable, thus in order to ascertain 
if there is any systematic variation we have listed and discussed the species examined 
at family and sub-family level. (Table 15). 

The shell structural variations found are indeed more variable than any other 
superfamily. The various combinations are shown diagrammatically in Text-fig. 17. 
The apparently most important structural distinction is that between species having 
an outer composite prisn1atic layer and those without. The other variations 
exhibited between crossed-lamellar, complex crossed-lan1ellar and homogeneous 
structures almost always show transitions and all gradations between these stn1ctures 
may be found. 

There is thus in many species a basically three layered shell consisting of an outer 
composite prismatic layer, a middle crossed-Jamellarfhomogeneous layer and an inner 
complex crossed-lamellar/homogeneous layer . In most other species the shell is 
basically two layered with an outer crossed-lamellarfhomogenous layer and an inner 
complex crossed -lamellar fhomog eneous layer. 

The composite prismatic layer consists of radially aligned primary units made up 
of smaller crystallites radiating from a central axis (Plate 7, figs 1- 5). E ach of these 
smaller crystallites may be several mm. in length and 40 fL in diameter, but the size 
varies greatly from species to species. Each of these crystallites is surrounded by a 
sheath of organic matrix. Closer examination shows that each of the larger crystallites 

c.p. c.p. x.l. x.l. 
x.l. 

r--- - ---- - - -
h 

--------- - - - - - -- - ---
h h h 

p.m • p.m . 
h h c.x.l. h 

x. l. x.l. h 

h h h 

FIG. 17. D1agran1 sho\ving the m a in types of shell layering found in the Veneracea. 
CP = composite prisn1s, CL = crossed-lamellar, CCL = complex crossed-lamellar, 
H = homogeneous, PlVI = pallial n1yostracum . 



Species 

Venerinae: 

Venus alata 
(Reeve) 

Venus striatula 
(da Costa) 

H ysteroconcha dione 
(Linnaeus) 

Locality 

Italy 

Italy 

West Indies 

Hysteroconcha multispinosa Ecuador 
(Sower by) 

Lamelliconcha paytensis 
(d'Orbigny) 

Lioconcha aspe11rima 
(Sower by) 

L ioconcha cast11ensis 
(Linnaeus) 

M acrocallista squalida 
(Sower by) 

Pitar affinis (Gmelin) 

Pitar sp. 

Ecuador 

Ecuador 

Queensland 

Indian Ocean 

Ecuador 

TABLE IS 

VENERACEA 

Mineralogy Outer layer 

Aragonite 

Aragonite 

Aragonite 

Aragonite 

Aragonite 

Aragonite 

Aragonite 

Aragonite 

Aragonite 

Aragonite 

Composite pris1natic 

Composite p rismatic 

Crossed -lamellar 
homogeneous in wards 

Crossed -lamellar 

Crossed -lamellar 

Composite prism a tic 

Crossed -lamellar f 
becoming homogeneous 
inwards 

Crossed -lamellar, 
becoming homogeneous 
inwards 

Crossed -lamellar 

Crossed -lamellar 

Middle layer Inner layer 

Crossed-lamellar Homogeneous 
becoming homogeneous 
in·wards 

Crossed-lamellar thin, H omogeneous 
becoming homogeneous 
inwards 

Homogeneous 

Pallial 
rnyostracum 

Thin, 
prismatic 

Thin, 
prismatic 

Prismatic 

Complex crossed
lame] lar fhomogeneous 

Crossed -lamellar 

Complex crossed
lamellar 

Homogeneous/ 
complex 
crossed -lamellar 

Corn plex crossed-
lamellar 

Homogeneous 

Homogeneous 

Homogeneous 

Thin, 
prismatic 

Thin, 
prismatic 

Thin, 
prismatic 

Thin, 
prismatic 

Thin, 
prismatic 



TABLE IS 

VENERACEA 

Species l.ocahty Mineralogy Outer 1ayt:r ~t&dd1e layer Jn.nerlaytr Palhal 

Venerinac: 
royostracum 

l"' tUW.$ a lata Italy Aragonite co.nposit..c prismat-Ic Cros.~d-l;:tmellnr Homogeneous T luo, 
(Reeve) be<:oming homogeneous pnsmabc 

inwards 

V~•tus strtall4fa Italy Aragomte CoOJpos•te pnsmat&c Crossed~lamellar thm. Homogeneous Tbm, 
(d• Costa) OOcoming homogeneous pnsmabc 

m wards 

Vet:u.f sub•mbneala Central Aragoni tq Cr~ed-ln(tlell:l.r, - Homogeneous Thin, 
So\,·erby America becoming 1\omogeneous prism a be 

inwards 

l"tUUtS trt"I'I"J IC<I$0 Napl~ & Aragonite Composite pnsmatle Crossed-lamellar, Homogeneou!.\ ThLQ, 
Li.nnacus Britain becoming homogeneous prismat·c 

inwards 

CtreompllaftiS pli,ala \Vest Airica Atagonite Fi11.ely crossed· lamellar - Homogencuu:; Ind1stinct 
(Crncliu) bccommg homogeneous 

an wards 

PtY·ig/)1/Jia uJr,ulala Tones Str. Aragomle Compos.ite pnsmahc Crossed-lnmetl3r, t..-omplex crossed· Prisma1.ic: 
(Linnaeus) becoming homogeneous lau1eHar with lenses 

inwards of myoolrdt:alpdsms 
Circinae: 

Cit·ce ct-oua :Red Sea Aragonite Crossed-lamellar/ - Homogcneo~1:; JnWsunct 
C<ay homogeneous iow-atds 

Ci r(,e i ufl!rmedta Aden Aragomte Crossed-lamellar/ - Homogeneou't Tlun, 
(Reeve} homogeneous inward$ pnsm:-ttu; 

Cifcl sr,.ipta ludo-Pacific Aragonite C rossed-la.mellar/ - COmplex crossed- Pnl'.matic 
(Linnaeus) hoJUogeneous i.nwards lameU.n, pns-m sbfets 

Gafrarium daunfi.C<Jimn East I.ndies Aragonite Crossed .. lamellarf - Complex crossed· Pri!'matic 
(Cmelin) homogeneous inwards lamello.r w1th 

myostraeal pns.rns 

Gafmriuttt pulinatam lndiau Ocean Aragomtt Crosscd-lamella.rj - Complex cr..,ssed· Pri.sm~hc 

(Lannacus) homogeneous mwards lameUar with 
royosua.cal pri5ms 

Gaf~'Mlum htm#dum Se)•chdles Aragonite Crossed~LameUar/ - <.:omple:t crossed- Pn~ma.tk 

Bolten homogeneous u\ wards hunellar w1th 
myostracal pn~m$ 

Gortldi" at(strolis Angas Australia Aragonite Fi.nely crossed-l3mellar - 1-lnmogent."'us 

Go~tldia c()rnto Gray Bermuda Arago1tite Finely crossed-lamellar - Homoguneous 

Suunetinae : 

5fmetla soi<Hide•-i I ndtan Ocean Aragonite Radial crosscJ-IameJia.r/ - Homogeneous -PrismatJc 

(Cray) passiog into 
hoi:noge.Ileous '"" .uds 

Meretricina~: 

Mcwelrix diUwyni Indian Ocean Aragonite Fiael)~ etossed-lameUar - Homogeneous Pnsmatic 

Reeve homogCt\OOUS IQW<).J'ds 

Tiuela htaus (Pbillips) Ecuador Aragonite Cotnpos1te pnsrnatie Holl\ogeneous Homoge.tteous "Prismat-ic, 
ind1stmct 

Ttt•da poudtYosa- Koch Aden Ara.goolte Corossed-lameUar - Bon\ogc.neous 
homogeneous ttlwards 

Pita.rin-ae; 

Agriopoma catJJaria Ecuador Aragonite Finely crossed~lamelbr - Homogeneous/ J ndistinct, 

DaU becommg homogeneous complex: prism a be 
IUWUJ'd$ crossed-h.lme11nr 

Am-iatdiS erytim:~ tndlnn Ocean Aragonite Flllelr--crussed lamellar - Homogeneous 
(Llnnaeus) horoogeLleon.,. inw.uds 

Hysle,.otoncha diotae \Vest Jnd ics A.ragontte Crossed-LJ.mellar - 1-Ion10gcncous Pn~Tli<.Ltac: 

(Lmnacus) homogeneous mwi~rds 

Hyst.eroc-o,~lw mult'ispitiOsa Ecuador Ar.J.gonitc Crossed-IameJll:lr - Complex crossed· 
(Sowerby) lamellar/homogenr:ous 

Umell•e.o,J&IJa -paytensis -£cuador Arogonite Crossed-lamellar - Corr1plex cross.ed- Tlun, 

(d'Orb•gny) lamellar prhmatlc 

LitXOtt&ha a.spu·,.ima Ecuador Aragonite Composite pr~matic Crossed-lamellar Hor.nogeneous.f Thtn, 

(Sowerby) complex prlsmauc 
ctossed-lamellar 

Lioe.o~.ha &ll.slrcnsis Queensland Arngomte Crossed ·lamellar j - Complex crossed .. Thin, 

(Lionaeu$) becoming bomogencbu!. lamellar prismatic 

lD"'tu'ds 

J\1acroc<~llisla $tJualU/a Aragonite Crossed-lame.Uar. - Homogtnrous 
(Sowerby) becommg homogeneous 

t.awards 

P11a,. affinis (Gme-hn) Indian Ocean Aragomte Crossed-lamellar - Homogent:ous Thin. 
prism3tic 

p,UJ,. sp. Ecuador Aragonite CI'<IOSed·lamellar - Homogeneous Thm, 
pris01atic:. 



Species 

Dosiniinae : 

D osin ia sp. 

D osinia an11,ae 
Carpenter 

Dosinia po?'lde?'osa 
(Gray) 

Locality 

S . Carolina 

E cuador 

E cuador 

TABLE 15 Continued 

Mineralogy Outer la ver 

Aragonite Composite prisms 

Aragonite Composite prism atic 

Aragonite Composite p r ism at ic 

Middle layer 

Crossed -lamellar 
becoming homogeneous 
inwards 

Crossed -lam ellar I 
homogeneous inwards 

Crossed -lamellar , 
hom ogeneous inwards 

------------------------------------------------------------- - -- -- -~ -- - - - --

!vi ercenaria m ercenaria 
(Linnaeus) 

P etricolidae: 

P etricola d enticulata 
Sower by 

P etricola pholadifornzis 
La marck 

P etricola lithophaga 
(R et zius) 

Cooperellidae : 

Cooperella subdiaphana 
Carpenter 

Species 

England 

E cuador 

Britain 

lVIediterranean 

California 

Locality 

Aragonite 

Aragonite 

Aragon it e 

Aragonite 

Aragonite 

l\1ineralogy 

Composite prisn1a tic 

Crossed-la mellar 

Crossed -la1nellar 

Crossed -lamellar 

Homogeneous 

Outer layer 

Cr ossed -lan1ellar I 
becotning 
homogeneous inwards 

~lidrlle layer 

Inner layer 

Complex crossed
la mellar 

Co1n plex crossed
lam ellar 

Complex crossed
lam ellar 

H omogeneous 

Complex crossed-
lamellar 

Con1plex crossed-
lamellar 

Complex crossed-
lamellar 

Homogeneous 

Inner layer 

Pallial 
myostracum 

Thin, 
prism atic 

Thin, 
prismatic 

Thin, 
prismatic 

Thin, 
prismatic 

T hin, 
prismatic 

Thin, 
prismatic 

Pallial 
myostracum 



"fAB-LE 15 Coufuwed 

Specu~s Locoht.y Mmer;:alogy Outer layer i\ l1ddle lilyor I on er In v<:r n.lhal 
n'lyOStmt.um 

Oosaut.nne: 

Dosinm sp. S- Carolina .\ rag:omtc Comp&;ite pr1sms Crossed~lamell..u' Complex c~t;ed- Thm. 
beconung hmoogt:ueous lamellar pnsmal1t 
un~ilrds 

Dosima tuHuu- Er.u:ulor .\ldgonitc Cumpos1te prismatl(' Crossed .. lamellaT, Comrl~x c-ro~ed· 1'hin. 
Carpenter homogeneous: •nwacds t;J.mellilr priMnatic 

Do.smio pmrdcl'-050 Ecuadur .\r • ..gonite Composite pnsma,H.< Crn:.;s~,:d-lamellar, Complex crossed- Ttun, 
(Gray) homogeneous 1nward.o; lamellar pnsmatit 

Cychnmne · 

C)tClt71tt cMut'lt&ls Ara~<llute l:I'Ossed lamtllnr. - Complex cro-ssed~ Thm, 
(Bolten) r<~odi<1l on outSide, l~uuellar pnc;.m:UIC 

conc.cntrw mwards 

Gemmmae: 

Gemma gtmma (Tottcn) ll.S A Aragonite Cros:sed-l,lmellar. - 1-lomo~cnoous 

bccommg hottlog'"'neous 
tmHtrd"' 

Tapctmae: 

PnpJua kxiJ!ts (lmnaeus) Chtna Aragonttc fon1ely cn>S::.('d.-JamellJ.r - Com{llex 4;fOS.5P-(1· Pnsmatic 
lo"tmdl:u 

Tupr~ lifl.rrllla (Linn<iCn:>) Inch:m Oc:c~m Aragorul~ Compo.:;ite llnsmatu.: - Homogeneous Thm, 
rmsmatlt 

r·l!rtt!ruprt;, l'leuu/Jl Pott. At:'agun,tc Cnmpos•te prisrn;n •~ C n.)SScd·lameH;.~t' Jlomogeneous rhln, 

(Lamarck) ] .JC: k~nn be<ommg pnsmalu .. 
homogeneous Inwards 

Chitminne: 

A fH lmufocartl-aA bra.:ihc~J/0 Bra.z•l Arngonilc CQmposttc pnsmat1c C russt:d·huue1lnr, Horw:,gcncous l'hm, 

(Gmehn) btlc()mmg pnsmabc 
homogenc.-ous irlwards 

Chtmw stulchbaryt (Gray} New Zealand Aragon•te Crossud-lamcllar/ 
homogeneous tnwards. 

- Compte" crossetl· Pn'intatK 
lnmcllarfbomogcneous 

Chionc. gumulotCJ (Ctnelin) \\'est lndie~ Arngomte Composite pl'ismauc Crtb'Sed·lamel'nr. Homogeneous Thnl, 

betr,>mlng hornogeneo•t!:i pnstnatic 

Chiont papJti<, (LtnnJeus} \VesL l•lclies ,\ r~gomte Co•nposite pdsmatic Cross.cdwlatuellar. 1-lomogcacous Pnsmat1c 
becommg 
h(•mogencrJuS inwards 

Clmmr w ulali'tlll Sowerby C;a hfo rnia .\rago•ute C rQii.sed·lamellarf - 1 Iomoge,leous Tlun, 

becoming pn,matil~ 

homog:e:ncou~ tn\\ard!-1 

CMu,,. .~ubruco:.a So,.:erb~· Ecuador .\ mgonite Comr~sit.e J>ri-.m.'I.Hc Cr<J5sed·l3mellarj Homo.l(eneons Thm, 

bt.:comulg pri:smabc 

homogeneous inwards 

Cluouopsis gmda Ecuador AtagOil tte Composite prisinatic Cro:-oscct.la:mell..lr/ Hoowgcncou~ T luo, 

(Sowerby & S rodenp) be(.om1ng 1>nsmauc. 

h.<:•nl(lgCnL"OUS iOWJ t•ds 

Ll .. &phort~ efjoso ( AivonJ.) :\J:1deira Aragonite Cr·ossed-l:unellar 
)>t:ooming 

- Homogeneous ·rh•n. 
pnsm<ttic 

hcmwgeneou$ inwards 

L;roph~ml _ptrutrrana Peru Aragonit-e Ctossed·lamellnr, - I (on10geneous/ ·rhiu , 

(SQwcrby) bt.-couung t:omp1ex-cros..'lL'<l- pn$11'\allc 

hnmog«:ncuus tllw3r<.ls l~mcllar 

Ptr()lllaca jtdotn.sis J<tp:m Aragorute Compos1t.c pns•n3.uc C'ro~ll~laulCIJ;.tr, HomQgcneous Thm, 

(L•schke) hQmogcncous mw:t.rtls pnsmattc 

• .\lcruuari(l. '''~"Umt~ow England \ragon1tc Cmnposele Jmsmallc ( i••S..<;.t:ll-lamd lo'lr', lioiOOge~neou:!> Thin, 

(L11U1aeus) hec()ming' pl't~matiC 

htnnoueneous Inwards. 

Petricohdne: 

Pelnc(lla dttJitcrtltlla Ecuadnr ArngqUilt ( f"'e'>"etl· l,l m ell ar - Contpl~:.c cro~!>t!d .. Thm, 

Sowe:rby lamellar pnsmutic 

Pelne-ola pholudtjl'Jruus 1~rn.un \r<lgnl'\1lc l' ~ ... t.-d·lanH:ll:lf" t"ompiL''- li'O~-wd Thrn, 

Lam>tn::.k lamellar l'~"'"mauc 

PtltftOlll flfiloplu~~:a ]l.ft,•d•t~rrane,,n --\ragUIUt...- (Hl,S. .. '>ett·Llmclt •• r - Comple'IC CTO'i!!ll-'d· 

(Rt!tzm:;J 1.-mell.:t•• • 

Coopcrcllidac • 

COt.'ftl'l'i'li(.J s-ubdif).frhatw Laltl(ln\l.l .\rasonlltt I b.tmf•gcnt•ous - 1 JoJ~l•Jgenoous 

Co~rpencer 

Sp«:tes Loca.hty )I mer.;, log)' Outer b}'cr 'hd•Jit· lay<·r I nnf"r l.tyc.-r P.ltlial 
myQstracum 
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is made up of further smaller units about 0·5 l-L in diameter and diverging in a 
feathery manner from the central axis of the larger crystallites (Plate 7, fig . .f). 

The outer layer is separated by various degrees of distinctiveness from the under
lying crossed-lamellar layer which has concentrically aligned primary lamels (Plate 7, 
fig. r). This middle layer changes to homogeneous structure 'vhen traced towards 
the shell interior. In some species the distinctly crossed-lamellar portion of the 
layer is almost entirely suppressed (Plate 7, fig. z). The crossed-lamellar and homo
geneous portions of the shell cannot be designated as separat e layers for they vary in 
extent both between and within a species. 

In two layered Veneracea the outer part of the outer layer consists of crossed
lamellar structure (Plate 8, figs 2 & 4) which passes transitionally inwards into 
homogeneous structure (Plate 8, fig. 3). The orientation of the lamels in the outer 
layer is controlled by the type of shell margin present in each species. In the 
Veneracea the marginal areas are variable vvith margins which are reflected , inflected, 
shelf-like or combinations of these. A further complication to the shape of the shape 
of the margin may be ribbing and strong concentric sculpture. With a reflected 
shell margin the first order lamels in the outer region of the outer shell layer lie 

A 

-
B 

c 

-~---- - -

-, 
, -..:::._-- --· 

- --

------

~---------- -------

/ 

( 

--- - ·--- ---

FrG. 18. Diagram showing radial sections of three types of shell margin found in the 
Veneracea. A. H ere the m argin is slightly reflected; there will be a gradual change 
from crossed-lamellar structure on the outside to homogeneous structure inwards . 
B . In this case the margin is strongly reflected and in t he position marked by the dotted 
line there will be a sharp structural change. C. The margin is even more strongly 
reflected than in B and similarly there will be a sh arp change in structure along the dotted 
line. 
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subparallel to the outer shell surfaceJ although at the titne of secretion, they were 
aligned norrnal to the secreting surface. With an inflected shell margin (Text-fig. r8) 
the first order lamels retain n1ore of a concentric alignment. Again, \vhen traced 
to\vards the shell interior the crossed-lan1ellae pass into homogeneous structure. 
The point at \vhich the change takes place is U,:,ually vvhere the reflection or inflection 
of gro\vth lines changes rapidly. Further inwards frorn these points the growth 
increment lines are much more closely bunched suggesting a slower growth rate. 
The change from crossed-lamellar structure to homogeneous can thus be interpreted 
as a result of differential growth rates imposed by geometrical constraints caused by 
the hape of the shell margin. 

In all cases the inner shell layer consists of complex crossed-larnellar or homo
geneous structures or con1binations of the t\vo. Sheets of myostracal prisn1s are 
also cornmon. 

CP 

-- -------- ----------- ---- .. 

PM 
, H 

• 

CL 

FIG. 19. Radial section of Chione subrugosa. CP = composite prismatic, CL = crossed
lamellar, h = homogeneous, PM = pallial myostracun1. 

CP 

CL 

PM 

H 

FIG. 20. Radial section of Charnalea striatula. CP = composite prisms, CL = crossed
lamellar, H = homogeneous, PM = pallial myostracum. 
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Subfamily VENERINAE 

Most species in this group possess the three layered shell; composite prisms, 
crossed-lamellar /homogeneous and with one exception an inner homogeneous layer. 
Two species have only two layered shells. In Periglypta puerpera the inner layer is 
largely constructed of myostracal prisms vvith small areas of complex crossed
lamellar structure. 

Subfamily CIRCINAE 

All species in this group have the basic two layered shell. In most species there 
is a well defined prismatic pallial myostracum. The inner layer is variable ; in the 
species of Gafrariu,m examined it is largely made up of myostracal prisms with small 
amounts of complex crossed-lamellar structure. In most other species it is 
homogeneous. 

CP 

H 
PM H 

FIG. 21. R adial section of Tivela hians. CP = composite prisms, H = homogeneous, 
PM = pallial myostracum . 

CL • 

---

/ 
PM CCL 

FIG. 22. Radial section of Lioconcha castrensis. CL = crossed-lamellar , H = homo
geneous, PNI = pallial myostracum, CCL = complex crossed-lamellar . 
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Subfamily SUNNETINAE 

In 5-unetta solanderi the margin is strongly reflected and the structure consists of 
outer crossed-lamellar structure> with the lamels radially aligned, which pass 
inwards into homogeneous structure. The inner layer is homogeneous vvith thin 
sheets of myostracal pris1ns. 

Subfamily MERETRICINAE 

In Tivela hians there is a three layered shell with the n1iddle layer consisting 
entirely of homogeneous structure and also a homogeneous inner layer. Tivela 
ponderosa and Meretrix have a two la ye red shell. 

Subfamily PIT ARINAE 

Most of this family have a two layered shell but in L'ioconcha asperri1na there is an 
outer composite prismatic layer . 

Subfamily DOSININAE 

The three species examined in this group, all have a three layered shell, with an 
outer composite prisn1atic, a middle crossed-lamellarjhomogeneous and an inner 
complex crossed-lamellar layer. A si1nilar three layered shell has been described 
from Dosinia japonica by l{obayashi (tg66). 

Subfamily CYCLININAE 

The one species examined has a two layered shell. 

Subfatnily GEMMINAE 

Both species examined have a two layered shell. 

Subfamily T APETINAE 

In Tapes litterata and Veneru,pis there is a three layered shell but only two layers 
in Paphia textilis. 

Subfa1nily CHIONINAE 

Both three and two layered shells are found in this family and the variation may 
be found vvithin species of one genus. In M ercenaria 1nercenaria the crossed
lamellar portion of the middle layer is often indistinct but the structure is revealed 
by electron 1nicroscopy. Most species have an inner homogeneous layer. 
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Subfamily PETRICOLIDAE 

This group has two layered shells ; in the outer layer the crossed-lamellar c;tructure 
does not grade inwards into homogeneous structure, as in most other Veneracea. 

Subfamily COOPERELLIDAE 

In the one species examined both layers consisted of homogeneous structure. 

Order MYOIDA 

MYACEA 

(Plate rr, fig. 4; Text-figs 23- 25) 

• 

Six species have been examined structurally and twelve mineralogically . The 
shell is aragonit ic. The superfamily divides naturally into two groups the 
Corbulidae and the Myidae, these are discussed in turn. 

In the family Corbulidae the shell is inaequivalve, the left valve being the smaller. 
The outermost part of the left valve consists solely of periostracum which fits like a 
flap against the right valve when the shell is closed (Y onge, 1946). In both valves, 
the periostracum may line the inner margin of the shell for some distance in preserved 
specimens. Two main shell layers are present, an outer crossed-lamellar layer which 
forms most of the hinge and an inner complex crossed-lamellar layer which is bounded 
by the trace of the pallial line. In the ou ter layer the lamels are arranged concen
trically to the shell margin. In adult specimens where the growth rate is slower , 
marginal thickening has taken place and the periostracal flaps and extensions are 
frequently incorporated into the shell proper, by subsequent deposition. The 
periostracal flap of the left valve may even become incorporat ed into the shell of 
the right valve. 

In most species there is a well developed pallial myostracum and within this there 
is the inner shell layer of complex crossed-lamellar structure which is fairly coarse. 
In all species there are commonly sheets of myostracal prisms interbedded with the 
normal structure. In Corbnla crass a and C. tunicata there are well developed 
myostracal pillars arising from the trace of the pallial line. 

In addition to the marginal periost racal flaps the animal appears capable of laying 
periostracum-like material down as a sheet , over all the inner surface of the shell . 
In some species, this happens several times in the life of the animal (Text-fig. 25). 

In the family Myidae a rather different arrangement is seen, there being three 
distinct shell layers. There is an out er homogeneous layer, a middle crossed
lamellar layer and within the pallial line an inner layer which consists of either 
complex crossed-lamellar or homogeneous structures. The outer layer consists of 
granular crystals (Plat e rr, fig. 4) about 5 fJ. in length and 2·5 fJ. in diameter with no 
obvious crystal fonn but with a slight elongation towards the shell margin. 
Although this layer is called homogeneous it differ:;; from all other homogeneous 
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CCL PM 

FIG. 23 . Radial section of Platydon cancellata. H = homogeneous, CL = crossed
lamellar, P~1 = pallial myostracun1, CCL = complex crossed-lam ellar. 

~-------------;~~~--------/ - l ............. ____ _ 
'--
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CL 
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~:_~_:_~..,.,.·::.,.,..-s .. _~: __ :_:=_~_"" ___ -~-_=:_-- -~-" ~ PM 
"""' • I CJilfll' 

----- - - CCL 

FIG. 24. Detail of shell layers in radial section of Platydon ca,ncellata. H hom ogeneous, 
CL = crossed-lamellar, PM = pallial myostracum, CCL = complex crossed-lamella r. 
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F IG. 25. Radial section of both valves of Corbula gibba showing the periostracal flaps (PF) 
and sheets (PS) incorporat ed into the shell a characteristic of this fan1ily . Other lett er
ing ; CL = crossed-lam ellar, CCL = cornplex crossed-la1nellar , P~1 = pallial m yostracum, 
L = ligam ent. 
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structures we have recognized by appearing grey instead of brown in thin section. 
It is probable that the outer layer may have been derived by the degeneration of 
a phylogenetically earlier prismatic layer. The middle layer consists of very fine 
primary lamels, arranged concentrically. There is a thin, prismatic pallial myo
stracum in Platydon cancellata but only a sharp change in shell banding in Mya 
arenaria. Distinct sheets of myostracal prisms are often found in the inner layer. 

GASTROCHAENACEA 

Three species of this small superfamily of rock borers have been examined struc
turally and mineralogically . The shell is aragonitic. 

The shell consists of two layers, an outer crossed-lamellar layer and an inner layer 
which may be complex crossed-lamellar or homogeneous. In all three species the 
outer layer has concentrically arranged lamels which pass transit ionally inwards 
into homogeneous structure. The inner layer of Gastrochaena gigantea is complex 
crossed-lamellar but that of G. ovata and G. truncata is homogeneous, the for1ner 
being distinctly lamellate. A thin prismatic pallial myostracum is present in all 
three species. 

HIA TELLACEA 
(Plate g, figs r - 4; Text-fig. 26) 

This is a very small superfamily consisting of four extant genera, one of which 
Panopea, is divided into two subgenera Panopea and Panomya. Five species have 
been examined structurally and mineralogically, all are aragonitic. 

In Panopea s.s. the shell consists of three layers, an outer simple prismatic layer 
which may be very thin, a middle homogeneous layer and an inner layer which may 
be homogeneous or complex crossed-lamellar. The simple prisms of the outer layer 
have rather irregular boundaries and orientations (Plat e g, fig. r). They vary in 
width between 30-50 fL and are made up of smaller platy crystallites between o·5-
r · 5 fl in width, which radiate from the central prism axis (Plate g, fig. 3) . The rate 

p 

H 
PM 

H 

FrG. 26. Radial section of Panopea zeylandica. P = prisms, H = homogeneous, 
PM = pallial myostracum. 



Species 

Mya arenaria 
Linnaeus 

Mya truncata 
Linnaeus 

Platydon ea ncellata 
Conrad 

Corbula crassa Htnds 

Corbula gtbba (Ohvi) 

Locality Mineralogy 

Britain Aragonite 

Britain Aragonite 

California Aragonite 

J apan Aragonite 

Naples Aragonite 

Corbula hydroptca Queensland Aragonite 
I red ale 

Caryocorbula amethystina Ecuador Aragonite 
Olsson 

t,) 
-...) 
(X) 

TABLE 16 

MYACEA 

Outer layer 

Grey, granular 
homogeneous 

Grey, granular, 
homogeneous 

Grey, granular, 
homogeneous 

Crossed -la mellar 

Crossed -lamellar 

Crossed -lamellar 

Crossed -lamellar 

Middle layer 

Crossed-lamellar , 
fine 

Inner layer 

Finely complex 
crossed-lamellar with 
m yostracal sheets 

Crossed-lamellar Finely complex 
crossed-lamellar with 
m yostracal sheets 

Crossed-lamellar Complex crossed
lamellar with 
myostracal sheets 

Myostraca 

Pallial Adductor 

Prismatic 

Prismatic 

Prismatic, 
thin 

Complex crossed- Prismatic Prismatic 
lamellar with myostracal 
bands and pillars 

Complex crossed
lamellar 

Prismatic 

Cornplex crossed- Prismatic Prismatic 
lamellar with m yostracal 
sheets and pillars 

Con1plex crossed- Prismatic Prismatic 
lamellar with m yostracal 
sheets and pillars 
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of divergence from the axis is high, so that the crystallites appear almost horizontal 
in relation to the axis (Plate g, fig. 2) . The middle homogeneous layer at high 
magnifications is seen to consist of short crystallites aligned in two directions (Plate g, 
fig. 4) suggesting perhaps a transition to crossed-lamellar structure. The outer shell 
surface of Panopea is ornamented by granules arranged into rows radiating from the 
umbo. 

In Hiatella, Cyrtodaria and Pano1nya there are only two layers. In all cases, the 
outer layer is homogeneous and excepting Panomya the inner layer is also homo
geneous. In Panomya the inner layer may be homogeneous with thin prismatic 
sheets or it may consist of complex crossed-lamellar structure. In a specimen of 
Hiatella arctica from Spitzbergen the inner layer consisted almost entirely of myo
stracal prism sheets. Prismatic adductor myostraca were seen in Panomya norvegica 
and H iatella arctica. 

The presence of the outer simple prismatic layer in Panopea may be of considerable 
phylogenetic sjgnificance and this is discussed further in the conclusions. 

PHOLADACEA 
(Plate 10, figs 1-4; Plate 11, figs 1-3; Text-figs 27- 29) 

Two families constitute this superfarnily the Pholadidae and the Teredinidae; 
these are discussed separately. 

Eleven species of Pholadidae have been examined structurally and mineralogically; 
all species examined consisted of aragonite. Two main types of shell structure were 
found in this family. In three species examined there was a three layered shell 
consisting of an outer simple prismatic layer, a middle crossed-lamellar layer and an 
inner complex crossed-lamellar or homogeneous layer. The outer layer consists of 
prisms (Plate 11, fig. 3) very similar to those found in Panopea (Hiatellacea p. 34); 

P +CL 

CCL 

FIG. 27. Radial section of Barneacandida, as shown in Text-fig. 28 there is an interdigitation 
of the outer prismatic layer with the middle crossed-lamellar layer making differentiation 
at this magnification difficult. P = prisms, CL = crossed-lamellar, CCL = complex 
crossed -lamellar . 



TABLE I7 

GASTROCHAENACEA 

t~ 

CO 
0 

Species Locahty Mineralogy Outer layer Inner layer Pallial rnyostracum 

Gastrochaena gtgantea Deshayes India Aragonite Crossed-lamellar {homogeneous Complex crossed-lamellar Pnsmatic, thin 

Gastrochaena ovata So·werby Panan1a _Aragonite Crossed-la mellar/homogeneous Complex crossed-lamellar Pnsrnat ic, thin 

Gastrochaena truncata Sowerby Mazatlan Aragonite Crossed-lamellarfhomogeneous Homogeneous Pnsmabc, thin 

Spec1es 

Panopea ZB)'landica 
(Quoy & Gaimard) 

Panopea aust1·alis 
so,verby 

Locality 

New Zealand 

Australia 

Panopea (Pano1ny a) North Sea 
norwegica (Spengler) 

Cyrtodaria stltqua Bntish 
(Spengler) Columbia 

H iatella arct·ica Britain 
(Linnaeus) 

~hneralogy 

Argontte 

Argon1te 

Aragonite 

_\ragonite 

Aragonite 

TABLE r8 

HIA TELLACEA 

Outer layer Middle layer 

Simple prisms Homogeneous 

S1m ple pnsms Homogeneous 

Homogeneous 

Homogeneous 

Homogeneous 

Inner layer -

Homogeneous or complex 
crossed-lamellar 

H omogeneous or complex 
crossed lamellar ' 

Pall1al tnyostracum 

Pnsn1ahc 

Prisn1atic 

Complex crossed-lamellar or Pnsmatic 
homogeneous 'vi th prism sheets 

H omogeneous Pnstna tlc. 

Homogeneous Pnsmat1c 
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the prisms are irregular in size, length, and orientation in contrast to the more 
regular arrangement found, for example, in the Unionacea. The prismatic layer is 
not deposited continuously, for as seen in Text-fig. z8, the imbricating concentric 
ornament of this family is for1ned by a cyclical deposit ion and non-deposition of the 
prismatic structme (Plate rr, figs r-2). A ventral ,shoot' of crossed-lamellar 
structme corresponds with each period of non-deposition of prisms. The crossed
lamellar layer is usually thin and the first order lamels short and coarse. The inner 
layer within the pallial line may be homogeneous or complex crossed-lamellar and 
is frequently lamellat e and may contain sheets of myostracal prisms. 

In Zirfaea crispata there is also a three layered shell but the outer layer consists 
of grey homogeneous structure. The individual crystallites (Plate ro, figs r & 2) are 
approximately s- r o fL long and 2-4 fL wide with a slightly elongate shape. In this 
species the concentric ornament consists entirely of homogeneous structure. The 
structure resembles that of the Myidae and is conceivably derived from the simple 
prisms described above for other pholads. 

In all other species of Pholadidae examined there is a two layered shell, with the 
outer ribbing and ornament being formed from crossed-lamellar structure. The 

CL 

• • 

PM 

SP 

. .. , . . ... ' .. • •" w. ~~· · · ., , .... 
. ' 

..... 

- . . 
• 

CCL 

FIG. 28. Detail of radial section of Barnea candida showing the alternation of prismatic and 
crossed-lamellar structure in the outer layer. SP = simple aragonite prisms, CL= 
crossed-lamellar, PM = pallial myostracum, CCL = complex crossed-lamellar. 
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FIG. 29. Detail of a r adial section of Zi-rfaea c-rispata showing outer homogeneous (H), and 
middle crossed-lamellar layer (CL). 
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strong umbonal reflections characteristic of the Pholad acea are formed frotn con1plex 
crossed-lamellar structure. Deposits of myostracal prisms occur beneath the 
adductor, pallial and other muscle attachment sites. 

One species of Teredinae was exa111ined structurally and mineralogically. The 
shell and tube are both aragonite. 

The shell is nearly hemispherical in shape and complicated as in the Pholadidae by 
apophyses, shelves and condyles associated vvith the vvood-boring habit (Turner, 
rg66) . The shell is basically two layered, with an outer crossed-lamellar (Plate ro, 
figs 3 & 4) and an inner complex crossed-lamellar layer. The outermost part of the 
outer layer shows strongly reflected growth lines and the crossed-lamels are con
sequently radially aligned . In addition the lamels are very fine and present an 
almost homogeneous appearance. The complex crossed-lamellar layer is restricted 
to the umbonal ridge. Pads of myostracal prisms 'A'ere seen beneath the large 
posterior adduct or and beneath the anterior adductor which is situated on the 
urnbonal reflection. The ventral condyle has homogeneous structure. 

The calcareous tube vvhich iC5 secreted by the mantle surrounding the siphon tips 
consists of layers of irregular granular crystals about 5- 10 {.L in diameter. 

Sub-Class ANOMALODESMATA 

Order PHOLADOMYINA 

PHOLADOMYACEA 

(Plate 12, figs 1-4) 

Because of lack of available material of this rare superfamily only a small fragment 
of P holadomya candida was studied. It is aragoni tic. 

The shell is basically three layered with an outer very thin simple prismatic layer 
a n1idd.le nacreous layer and \vithin the pallial line an inner nacreous inner (Plate 12, 
fig. 1). The thin outer layer (Plate 12, fig . 1) also forms the surface granules 
arranged in radiating rows from the umbo. The n1iddle nacreous layer appears to 
be 'Treppen' structure of Wise (1970) (Plate 12, fig. 4) and the inner nacre to be 
sheet nacre. The inner part of the inner layer consists of alternations of thin sheets 
of nacre with layers of myostracal prisms which forn1 the dominant component 
(Plate 12, figs 2 & 3). Because of the very limited sampling it is not certain how 
typical the myostracal prism layers are of the whole shell. 

PANDORACEA 

(Plate 13, figs 1- 4; Text-figs 30 & 31) 

Sixteen species were examined structurally and mineralogically. The shell is 
aragoni tic throughout. 

Representatives from all seven families recognized by Moore (1g6g) were examined 
and two distinct structural arrangements were found. One of these, with both 
layers consisting of homogeneous structure, is found in the Thracidae alone; all the 



TABLE rg 

PHOLADACEA 
Myostraca 

Species Locality Mineralogy Outer layer Middle layer Inner layer 
P allial Adductor 

Barnea candida (Linnaeus) Britain Aragonite 

P holas chiloensis Molina Ecuador Aragonite 

Pholas dactylus Linnaeus Britain Aragonite 

Prismatic 

P rismatic 

Prismatic 

Crossed-lamellar Complex crossed-lamellar Prismatic 

Crossed-lamellar Complex crossed-lamellar Prismatic 

Crossed-lan1ellar Complex crossed-lamellar Prismatic 

11 Pricrn'd t i c 
• ta d ] A m A 0 r 

Parapholas acumwta ,.. ... -'··· A-~~-~ 
(Sowerby) - · - "po iOMYACEA = 

E cuador Aragonite Crossed -lamellar Complex crossed-lamellar Prismatic 

Species Locality Mineralogy Outer la yer Middle layer Inner layer Pallial myostraca 

Euciroa eburnea Andamans Aragonite Simple prisms Lenticular nacre Sheet naclre Prismatic, thin 
(Wood-Mason & Alcock ) 

V erticordia deshayesiana Atlantic Aragonite Simple prisms Lenticular nacre Sheet nacre Prismatic 
(Fischer) 

P ecchiola a1'gentea Italy Aragonite Simple prisms Lenticular nacre Sheet nacre Prismatic 
Sa v i & Meneghini 

P oromya granulata Britain Aragonite H omogeneous Nacre Sheet nacre Prismatic 
(N yst & W estendrop) 

Cuspidaria arctica Norway Aragonite H omogeneous H omogeneous Indistinct 
(Sars) 

Cuspidaria chinensis Borneo Aragonite H omogeneous H omogeneous 
(Griffith & Pidgeon) 

Cuspidaria rostrata Britain Aragonite H omogeneous H omogeneous Indistinct 
(Spengler) 



.,. .,., <0 

<> IT 0. 

Spec:1es 

-· "' 

8art1ca cat~dida (Lm1taeus) 

P/lola$ chilucmsis Molma 

Fholas dac.lylu-s Linn.aeu$ 

Paraph()/tJs acuminata 
(Sowcrby) 

Jlfarftsia slnQta {LiDnaeus) 

Pholaditlta loscombrann 
Turton 

Zirfaca cri.spato (Linnaeus) 

Teredo navnlls (Linnaeus) 

Species 

Pa?ldora <JYcuata SO\\'erby 

Pa,do•·a aillid<~ (Roiling) 

Pa.ndOIIIJ tnJuuata Say 

Periploma tn(}-t.quivalvas 
Sc.hun1acher 

Offad£Sma cmgMi 
(Cros'"' & Fischer) 

Ltll.tNIUia anat],,.a 
(Linnaeus) 

JllyadOt'a brrVis Sower-by 

Myadora st11ala 

(Quoy & Ga.mard) 

.MyatWYa tasmonica 
Wood 

Ck,rdot)lau-us albida 
Lan\a .. rck 

Myochama amomuidts 
(Stutcbbury) 

Keuuerlya sp. 

TJwacia. cO?wexa 'Wood 

TllrMia phaseol''~" 
(L:unarck) 

Tlrracia trlllaosusule<~ 
(~L,cglllivr• y) 

Species 

Euciroa rlmmea 
{Wood-Mason & Akock) 

Jl(YticurdJa, dn!Jayesiano 
(Fiscber) 

Pu.chiola o,.genlta 
Savi &- Meneghini 

Poromya grarwlatt4 
(Nyst &. Wcstoudrop) 

Cuspuiat"ra ot"d-t'a 
(Sats) 

Cu$pJdaria cll&"n~ti-Sis 
(Cnt!itb & Pidgeon) 

Crupidru·;ca rosiYCJtu 
(Spengler) 

~ ~ &) • ii' 0 :;; !» ~ "' ~ 

TABLE 19 

PHOLADACEA 

'£ ;;T IR r J 1-' ;:; ::r 0 
(D"'!JQ.C',~. 

•V ... ·~ . . i( """ ~ ;-..: 

Myostraca 
Lo<:abty :\hoer:1logy Outer la>•cr ~hddle layer lnncr l:tyer 

Pallial Adduc-tor 

Brit:~. m Ara.gorute Pr1smatic Crossed-lnmellar Compl~x crossed•Jaroellar Pnsmat.1c 

Ecuador Aragomte Prismatic Crossed .. lnmellar Complex crossed-t.t•nellar Pns-mat1c 

Britatn Aro.gorute Prlsmatac Cros-sed -l<imellar Complex crosst:d-lameU:u Prismn.tic 

E<:\1:;\dOr A.ragoo1te Crossed·l•mollar - Complex <:rossed-lamell~r Pnsm::thc 

Trulidad A.ragomte Cros.scd-lamcllar - Complex erosscd-lamcUar Prisrnat•c 

Bntam Aragon•te Crossed-l3mellar - Complex crossed-lamellar Pnsmattc 

Britam Aragonite Grey, granular, Crossed·lameiJar Complex crossed·lamelli'lr Pnsmntac Prismauc 
homogeneous 

Bnta.uJ Aragonite Crossed~lomellar - Complex crossed-lamellar Prismatic Prismatic 

T .-\BLE 20 

PANDORACEA 

l1 yostrac:l 
Loc..i'llity Mineralogy Outer layer ~'!JddJe layer Inner layer 

Pallial Adductor 

Ecuador Ar.tgonate Simph: pnSJ'US Leoucula.r n::1cre Sheet naLrt: Thm. pnsmatic Pnsmatac 

Nnplcs .-\ragonite Si m pie prisms Lenticular nacre Sheet nacre-

Eastern U.S.A. .Aragonite Sunple prisms Lenbcular oacre Sheet nacre 

Jamaica .\ngomtc Simple pnsms l<:nticular nacre Sheet nacre Thin, prisml.lt:ac 

Australia Aragonite S 1mph: p rJSJnS N~cre Sheet nacre 

A:ragomt e Sample prisms Lent-icular nacre Sheet nacre 

Aragonite Simple pnsms l..enbcular nacre S heet nacre and J)n!lma-bc Prismatic 
m y0$t:Tacal pnsms 

Auck1and Aragonite Simplu pr.sms Lenticular nacre Sheet nacre and l?nsmati<: 
myostracnl prisms 

Tasmama Aragonite Simple pr1sms Lenticular nacre Sbeet nacre and Pnsmatic 
myostracal pnsms 

N.S. \Va les Aragorut.c Simple prism~ Lenticular nacre Sheet nacre Pnsmahc Pnsnlabc: 

Austraba ..-\.ragon i te SimpJe prisms Lenticular nacre Sbe~t- .:\acre Prtsmat1c Prlsm..1tic 

Cnlifomia .A.ragollite Stmple pn.sms Lenticular nacre Sheet nacre: Prismatic 

Brltaui Aragottite Homogeneous Homogeneous Trace 

Bntain Aragonite Homogeneous J·[omogeoeons Trace 

Bnt:.un Aragonite Homogeneous Homogeneous 

TABLE 21 

POROMYACEA 

Locahty :\'hneralogy Outer layer Middle layer r.nner layer Pallial myostraca. 

And<1JU3.0S Angomte Stmple pn!:ims Lenticular nacre Sheet naclre Pnsrnatic. thin 

Atlantte Aragorut:e S tmple pnsms Lcntacul.n nacre SbeeL nacre Prisnmtic-

Italy Ara,gonate S1mple pnsms Leotic.ul:u nac-re Sheet nacre Prismatic-

J3ntain Aragonite Homogeneous Nacre Sheet nacre Prisrnatic 

Norwoy Arngontte Homogeneous - Homogeneous Todu>tmct 

Borneo Aragonate Homogeneous - Homogeneous 

Sri:taJn Aragoruce Hqmogc:neous - Homogeneous fnd1Sttnct 
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other families have a three layered shell consisting of an outer simple prismatic layer 
a middle lenticular nacre layer and an inner sheet nacre layer. The outer simple 
prism layer is very thin and frequently worn off much of the shell. In most species 
examined a thin pallial myostracum separated the middle and inner nacreous layers. 
In Myadora striata most of the inner layer consists of myostracal prisms. Radial 
rows of granules are present on the outside of the shell in many species. 

In the three species of Thracia examined , the t wo layered shell consists of homo
geneous structure in both layers. Two species were examined at high magnifications 
and the inner surface of the shell appears granular with irregular crystals about 3 fJ. 
in diameter. In section these crystals are slightly flattened and have a slightly 
laminar arrangement. On the outside of the shell patterns of granules are seen 
(Tebble, r g66, fig. 103), when these are examined more closely they are seen to be 
isolated spherulitic structures (Plate 13, figs r- 4). These spherulites are made up 
of smaller crystallites (Plate 13, fig. 3) about 3 fJ. in length. The spherules form 
columnar growths intercalated with layers of periostracum (Plate 13, fig. 2) . 
Eventually as growth proceeds these spherulites merge together and the crystal 
arrangement passes into a unifor1n homogeneous structure. 

SP 
N 

PM N 

F IG. 30. Radial section of the flat right valve of Pandora albida. SP = aragonite simple 
prisms, N = nacre, PM = pallial m yostracum. 

SP 

SN 

LN 

FIG. 31. Radial section of Cleidothaerus albida . SP = simple prisms, LN = lenticular 
nacre, PM = pallial myostracum, SN = sheet nacre. 
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Order POROMYOIDA 

POROMYACEA 
(Plate 13, figs 5; Plate 14, figs 1-5) 

Seven species were examined structurally and mineralogically. The shell is 
ara.gonitic. 

This superfamilyis represented by three fatnilies, the Porotnyidae, the Cuspidaridae 
and the Verticordidae. The latter have a three layered shell consisting of an outer, 
simple prisrnatic layer, a lenticular nacre a 1niddle layer and a sheet nacre inner layer. 
The middle and inner layers are separated by a thin sheet of pallial tnyostracal 
prisn1s. The shell stn1cture is generally similar to that of n1ost of the Pandoracea; 
in Euciroa the prisn1s are irregular (Plate 13, fig. 5) and resen1ble those of Panopea 
(Hiatellacea). In Poronz,ya granulata there is a three layered shell as above but the 
outer layer consists of granular hon1ogeneous structure probably phylogenetically 
derived frorn a structural breakdo\vn of simple prismatic structure (Plate 14, 
figs 2 & 4). 

The Cuspidaridae and some Poron1yidae both have a two layer d shell vvith homo
geneous structure in both layers. The granules of the hornogeneous layers are 
about 2 f.L in size (Plate 14, fig. 5) and generally similar in appearance to those of the 
Thracidae. The pallial myostracum was indistinct in the species examined and 
sho\VS a discontinuity rather than a distinct structure . 

• 

CLAVAGELLACEA 
(Plate 15, figs 1-5; Text-fig. 32) 

This is a small highly aberrant superfamily which consists of three extant genera 
Clavagella, Htt7nphreysia and Penicilltts which show a progressive fusion of the true 
shell \vith the calcareous tube. The valves are however free \vhen young. Three 
species were examined structurally and mineralogically; the shell and tube are both 
aragonite. 

In Clavagella aperta the valves are fairly large and only one is fused with the 
siphonal tube. The valves consist of a thin simple prismatic outer layer with a sheet 
nacre inner layer. Thin sheets of myostracal prisms are secreted beneath the muscle 
attachment scars. 

Valves of a juvenile Hun~phreys1:a strangei were examined, these had a simple 
prismatic outer layer and inner sheet nacre layers (s). The outside of the valves is 
finely pustulate. 

In Penicillus s.s. the true shell is seen as two valves occupying a saddle shaped area 
incorporated into the side of the tube (Text-fig. 32). The tube is extended pos
teriorly as a hollow cylinder and anteriorly as a perforated disc (the -vvatering pot). 
The true valves are covered by a thin periostracum which is inserted from the outside 
of the shell to line the inside of the tube at the edge of the saddle shaped area. The 
valves consist of t\VO layers, an outer extremely thin simple prismatic layer with an 
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Nuculacea A ' X X X 
N uculanacea A ' ' X 

Solemyacea A X ' ' X 

Arca.cea A X X ' X X 
Limopsacea A X X ' X X 
Mytilacca A+C X ' X X X 
Pinnacea. A+C X X X 
Ptcriacea A+C X X X X 
Pectinacea A+C X ' ' X X X X 
Anomiacea A+C X X 
Li.rnacea A+C ' ' ' X X 
Ostreacea A+C X ' X 

Unionacea A X . X X 
Trigonacea A X X X 

l.ncinacea A . X X X X X . 

Cho.macea A• • . X X . X X 
Lc.ptonacea A X X X 
Chlam ydoconchacea 
Cyamiacea A . ' X 
Ga.rdi tacea A . X X X X 
Crassatellacea A . . . . X X X X X 
Cardiacea A • ' X X 
Tridacnacea A . • X X 
Mactrac:ea A . . X X 
Solenncea A . • X X X 
TeUinacea A X X X X 

Dreissenacea A X X 
Ga.imo.rdiacea A X 
Arcticacea A . • X X X 
Clossacea A X X X 
Corbiculacea A X X . occ 
Veneracea A . X . X X X 

·Myacca A X? ' ' X X X 
Gastrochaenacca A . . . X X X 
Hiatellacea A X X X 
Pho1adacea. A X . . X X X . . 

"'Pboladom yacea A X X X 
Pa.ndoracea A X X X X 
Poromyacea. A X X X ' X 
Glavagellaoea A X . X 
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inner sheet nacreous layer about soo !L thick (Plate rs, figs r & 2). The outer shell 
surface is ornamented with small granules radiating from the umbo (Plate 15, fig . 5). 
The outer more irregular part of the saddle shaped area consists of homogeneous 
structure and is lain down on the inside of the nacreous layer. On the inner surface 
of the homogeneous layer, is the attachment of the pallial muscles which secrete 
beneath them, myostracal prisms forming a conspicuous (W' shaped scar. The 
tube and pot fortn the most conspicuous part of the animal. Optically the shell 
structure of these features appears homogeneous with conspicuous lamellate banding. 
Electronmicroscopy shows that both the tube and pot are made up of platy crystals 
o·s- z !L in diameter, 0 ·3- o ·s !L in width irregular in outline but aligned with the 
long axis parallel with the outside of the tube. (Plate rs, figs z & 4). 

The mode of secretion of the pot and tube pose problems; both of these two 
structures lie external to the periostracum which is not in intimate contact with the 
tube but encases the long siphons (Purchon, r gs6). On many specimens growth 

• • 

increments can be seen at the posterior end of the tube and this must be formed by 

c 

valves 

,......_...,r-----si phona I 
aperture 

perios tracum 
inserted he re 

M---- saddle a rea 

pot 

FIG. 32. Sketch showing the m ain features of the shell of Penicillus sp. 
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mantle at the tips of the siphons. However it is difficult to see how the pot could be 
formed as a continuous growth process ~rithout repeated resorbtion. It is possible 
that the tube and pot are secreted only when the animal is near fully grown. The 
common occurrence of sand, pebbles, shells and other debris incorporated into the 
pot and tube, together V{ith the general lack of grovvth lines, is slight evidence in 
favour of a rapid secretion process. The posterior end of the tube, grows subse
quently by the addition of n1aterial by the tips of the siphons; in this case we see 
clear gro\vth increments and no debris incorporated into the shell. However, until 
more is known about the biology of Penicillus, we have no real evidence to support 
either alternatiYe explanation of shell secretion. 

CONCLUSIONS 

It has become increasingly clear that the Bivalvia cannot be classified on single 
character systems (Cox, rg6o; N evvell, 1965) and that a total organism study involv
ing shell characters, comparative anato1ny, geological history and more recently 
biochen1ical characters must be en1ployed or attempted (Ghiselin et al, 1967). hell 
n1icrostructure and rnineralogy can therefore be only contributory evidence tovvards 
establishing the relationships of the bivalves and must be used in conjunction with 
other characters. Hovvever, our shell structure studies have established twelve 
characters 'vhich can be used as an aid to classifi.ca tion; in some cases these characters 
can be crucial evidence (I{ennedy, Morris & Taylor, 1970). 

The classifications of Newell (1956, rg6g) and Cox (rg6o) are essentially similar and 
are compilations of existing knowledge from the single and multiorgan systems of 
previous neontologists, geological history and the relationships of fossil forms 
established on shell characters alone. This is in contrast to the single organ classifi
cations of for example Purchon (rgsg), Atkins (1938). If the shell structure com
binations vve have recognized are superimposed upon these co1npilations of previous 
kno,vledge, it is possible to see vvhere these characters support or are in apparent 
disagreement \Vith the established classification. A summary of shell characters 
arranged in the classificatory order of Nevvell (rg6g, Treatise of Invertebrate 
Palaeontology) is sho\vn in Table 22. There is a striking general agreement of shell 
structure characters with classification. 

The relationship of the bivalve superfamilies and their shell structures is best seen 
in the form of a phylogenetic treel , sho\ving the geological history possible ancestry 
and known hell structure co1nbinations (Text-fig. 33). 

It is apparent that many bivalve superfamilies or lineages have long and con
tinuous records extending far back into the Palaeozoic and in many cases have been 
extremely conservative. l\1ajor evolutionary radiations are seen in the early 
Ordovician, Permo-Trias and of the heterodonts in the Mesozoic; the latter is 
discussed by Stanley (rg67). Shell structure inforrnation at critical points of radia
tion in the Palaeozoic is almost non-existent. This information would be extremely 

1 The construction of this tree has been carried out in close collaboration with Dr. N. J. Morris and 
draws heavily upon his "\vide knowledge of Palaeozoic and Mesozoic bivalves. 
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important in the Ordovician where most of the radiation of the major lineages and 
shell structure combinations probably took place . Hovvever because of dissolution, 
recrystallisation and replacement the original shell fabrics have disappeared or have 
been altered out of recognition. 

The relationships of the various bivalve superfamilies are discussed in t erms of 
shell structure variations below. 

Subclass P ALAEOT AXODONT A 

Two superfamilies belong in this group; the N uculacea are generally regarded as 
the most primitive living bivalves (Yonge, 1959) but the other superfamily the 
Nuculanacea are considered to be as highly specialized as any similar group through
out the bivalves (Yonge, 1959). The origin of the Nuculacea can be traced back to 
the Upper Cambrian Ctenodonta (Cox, 1959) and the group appears to have 
remained relatively unchanged morphologically throughout their subsequent 
history. The nacreous and composite prismatic shell is different fro1n that of any 
other family. However, we consider that the difference between simple aragonite 
prisms (possibly the ancestral condition) such as found in the Unionacea and 
Pholadomyacea and the composite prisms of the Nuculacea is slight and arises from 
differences in the degree of mantle reflection at the shell margin. The extant 
Nuculanacea have a homogeneous shell but as shown by Cox (1959) and Taylor, 
Kennedy & Hall (1969) this has not always been the case. 

• Subclass CRYPTODONT A 

Solemya has been considered to be a protobranch (Palaeotaxodont a) by Yonge 
(1939, 1959) but as Newell (1965) has pointed out, it is becoming increasingly 
apparent that the Solemyacea have been separated from the rest of the protobranchs 
from at least the Devonian and are not obviously related to the Nuculacea. The 
shell structure and in particular the character of the outer prismatic layer, is distinc
tive, but nevertheless can be readily derived from simple aragonite prisms. Our 
observations t end to support Newell's opinion that the Solemyacea belong to a 
separate subclass the Cryptodonta. 

The extinct Palaeozoic order Praecardioida is placed in the Cryptodonta, but there 
is very little evidence of any relationship to the Solemyacea. We have no shell 
structure information on this group. 

Alien & Sanders (1969) have recently described the anatomy and discussed the 
affinities of the Recent genus (Nttcinella classified in the Limopsacea, in the Treat ise) 
which they consider to be a monomyarian I solemyid ' and possibly related to the 
extinct actinodont group (i.e. Cycloconchacea) . Although there are several 
anatomical resemblances of Nucinella to S olemya other characters resemble those of 
the Nuculacea. Our observations of the shell structure show that it is homo
geneous structure similar to that of Nuculana but unlike Solemya or the Nuculacea. 
But if Nucinella is either a nuculacean or a solemyacean then reference to Text-fig. 33 
will show that both these groups were probably derived from a cycloconchacean 
ancestor. 
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• ubclass PTER!OJ.110 RPHIA 

The rcacea are generally thought to be deri,~ d fron1 the Cyrtodontacea of the 
lovYer rdovician (Cox, 1959, rq6o) but a~ pointed out by 1\iorris (1967) the connec
tion is not firn1ly established . X e"·cll (1954) has considc·rcd that the , cyrtodontids' 
are also the ancestors of the Pteriac a, Pectinacea and also possibly the 1\Iytilacea. 
These latter groups probably became separate fron1 the "cyrtodontid stock" rath r 
earlier (T xt-fig. 33). The Arcacea have a crosscd-larnella.r and con1plex crossed
lamellar ~h 11 structure vvith tubules and tnyostracal pillars. This stn1cture is very 
different fron1 that of the rest of the Pterion1orphia, but s1milar to that of so1ne 
heterodont such as the Carditacea. The only character vvhich is common between 
the Arcacea and the rest of the Pterion1orphia is th "\ filibranch gill and it seems to us 
that there is no close relationship bet\veen the groups and the Arcoida (Arcacea & 
Lirnopsacea) should possibly be considered as a separate subclass related to the 
Heterodonta. This does not of course deny cl once con1n1on ancestry. 

The l\Iytilacea have a very distinctive pris1natic, calcitic, outer shell layer, so1ne
tin1es call d 'fibrillar' (Oberling, rg64). This particular structure is found in no 
other bival\'·e group. The \\·ork of Osborn (1970) on n1an1malian teeth has sho,vn 
that all the different prisn1-like structures 1nay not be very different from each other . 
The l\1ytilacea 1nay have arisen directly fron1 the lO\\'er Ordovician-Pern1ian family 
the l\1odioinorphidae and have no apparent deri\ ativcs. K e\vell (r g65) placed the 
Pu1nacea in the order lVIytiloida (implying relationship) but the sitnple calcite prisms, 
general ~hell forn1 and anaton1y suggest derivation frotn the Pteriacea. 

As mentioned above the Pteriacea and the Pectinacea are both considered to have 
been derived fro1n a cyrtodontid ancc"'tor (Cox, rg6o; Newell, 1938) . Although 
they have different shell structures this does not rule out a common ancestor. The 
occurrence of an outer prismatic lay r in oysters, the early post larval stages of sorne 
pect ns (J ackson, I 

190) and in son1e species of Propeanzussiunt suggests that the 
foliat d layc·r in these forms may hav originally be n derived from aragonite 
nacreous structure by a change in the calciun1 carbonate poly1norph. The super
fanlily A1nbonychiiacea 'vhich ranges fron1 middle Ordovician to upper Devonian 
has been xtensively discussed by Pojcta (rg66); it Includes 1nany (Pteria' -like 
form . Recently \Ve have exa1nined an . .i. 1nbonyclzia fron1 the upper Ordovician 
( shgill) fro1n near Girvan, cotland \Vhich h as son1e <;hell structure preserved . As 
rnight be expected it showed nacreous inner layers, but unfortunately the outer layer 
\\"a~ r ~crvstalli srd, but \Vas probably calcit prisn1s. 

Xe\Yel1 & Boyd (1970) have recently described the "'arliest kno\Yn n1en1bers of the 
notniac .. a, fro1n thf Pcrn1ian. This superfam1ly is probably derived fron1 the 

Pectinacca. The sa1ne is probably tn1 of the Li1nacca. The Ostreacea first 
appeared in the Pern1ian and were probably derived fron1 a Pectinacean ancestor the 
Pseudon1onotidae (Nevvell) rg6r; cwcll c' Boyd , 1970). The sh ell stn1cture 
characters support this suggestion. 
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ubclass PA.LAEOHETERODONT A 

The U nionacea and Trigonacea have a very similar shell structure of aragonite 
simple prisms and lenticular and sheet nacreous layers. There has long been debate 
as to the possible relationship of these tvv-o families (Cox, 1960). The anatomical 
evidence suggests that they may be distinct groups, \vhereas the palaeontological 
evidence is ambiguous and unsatisfactory. As well as the morphological and shell 
structure similarities, they have a character in common \vhich is usually overlooked; 
this is the possession of calcareous gill spicules recorded for the Unionacea by 
Ridewood (1904) and for the Unionacea and Trigonacea (Atkins, 1938) . They are 
the only bivalve superfamilies to possess these spicules. 

ubclass HETERODONT A 

The Lucinacea are kno,vn from the ilurian to Recent and can be traced through 
the Babinkacea back to the middle Ordovician (McAlester , 1965, 1966) . McAlester 
has argued that the Lucinacea are a distinct bivalve group and should be considered 
as a separate subclass. Certainly the Lucinacea have been distinct for a long period 
of time and only the Leptonacea and Cyatniacea can be related to them. However 
Boss (1969) considers from anatomical and shell morphological evidence that the 
Lucinacea are closely connected to other bivalves of the heterodont subclass. The 
Lucinacea have a three layered shell of an outer composite prismatic layer, a middle 
crossed-lamellar layer and an inner complex crossed-lamellar layer. This combina
tion is also found in the Tellinacea and some Veneracea. The shell structure 
evidence thus supports the opinion of Boss (1969) that the Lucinacea belong to the 
Heterodonta, but reference to Text-figure 33 will show that they have been distinct 
from the rest of the het erodont stock for a long time. 

The Tellinacea are known from the Upper Triassic to Recent but their phylogenetic 
relationships are obscure. As noted above the three layered shell structure is found 
in the Lucinacea and Veneracea. The Solenacea may have arisen from the Tellinacea 
in the late Cretaceous or early Cainozoic (Davies, 1935; Morris, r g67) . In the process 
they must have lost the outer composite prismatic layer, as indeed have some of the 
Tellinacea. 

The Astartacea, Carditacea, Chamacea, Cardiacea, Tridacnacea, Mactracea, 
Arcticacea, VeneraceaJ Corbiculacea, Dreissenacea and the Glossacea all appear t o 
be generally related (Text-fig. 33) . The shell structure is generally similar in all 
these groups with only relatively small variations (Table 22). The tnost important 
variation is the three layered shell in some Veneracea. Most of these families arose 
in the Mesozoic and Cainozoic, and Stanley (r g68) has discussed this spectacular 
radiation. The most striking trend is the appearance and extensive radiation of the 
infaunal siphonate feeders, which t anley relates to the development of siphons and 
the closure of the mantle cavity by mantle fusion. Most of the families involved in 
this radiation have a two layered shell of crossed-lamellar structure and complex 
crossed-lamellar structures. In some families one or both layers may consist of 
homogeneous structure, but in these cases it is obviously derived from the structures 
mentioned. 
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The Mesozoic Veneroida \vere probably derived from either the rassatellacea 
(Stanley, rg68), \vhich first appeared in the Devonian, or from the Carditacea which 
also appeared in the Devonian (Morris, 1967). These two families probably have a 
common origin in the lower P alaeozoic from a cyrtodontacean stock (Text-fig. 33) . 
Yonge, (rg6g) has recently stressed the similarities bet\veen the Crassatellacea and 
the Carditacea. 

The Chan1acea \vhich first appeared in the upper Cret aceous are thought on the 
basis of shell structure and anaton1ical characters to have been derived from the 
Carditacea (Kennedy, l\1orris & Taylor, 1970). 

The Cardiacca first appeared in the Trias, but no obvious ancestor can be cited 
from older rocks. The Tridacnacea can be readily deriYed from the Cardiacea in the 
Eocene or late Cretaceous (Stasek, 1962). The 1\lactracea appear similar to the 
Cardiacea in shell structure details but there is no real evidence of any relationship. 

The Arcticacea, Veneracea and Corbiculacea may have been derived from the 
Jurassic fon ns P seudotrapeziutn and Pronella (Casey, 1952; Morris, r g67). The 
Arcticacea and the Veneracea are probably very closely relat ed. Although Arctica 
shO\\'S a hotnogeneous shell structure traces of crossed-lamellar structure may 
sometimes be seen. Other rnembers of the Arcticacea show crossed-lamellar and 
complex crossed -lamellar structure. The Veneracea sho\v t'''O distinct types of shell 
stn1cture; this n1ay be a result of the loss of the outer composite layer in some fonns 
or a polyphyletic origin for the Veneracea. 

The Dreissenacea are a group of fresh water byssate anisomyarian bivalves which 
appeared in the Cainozoic. Because of their mytilid-like shell, their r lations have 
remained obscur , but it has been realized for some time that they are unrelated to 
the Mytilacea CY.onge & Campbell, 1968). The shell structure shows great similarity 
in micro-details to that of the Corbiculacea and it is reasonable to suppose that the 
Dreissenacca arose from the fresh and brackish water Corbiculacea. Morton (1970) 
has made a study of the morphological changes seen in fossil forms, demonstrating a 
progression from the Corbiculacea to the Dreissenacea. However, the idea of some 
relationship to the Mytilacea h as not entirely disappeared (Purchon & Brown, rg6g) . 

ubcla ses ~IYOIDA and PHOLADOMYOIDA 

The 1\lyojd ct. and Pholadomyoida although classified in separate subclasses sho\v 
obvious sitnilarities and \Ve consider that all the superfamilies in these subclasses 
can be derived from a "pholadomyacean" stock which has been in existence since the 
n1iddle Ordovician. Other workers however, consider the resemblances to be the 
result of morphological convergence (Runnegar, 1966, 1967). 

Pholado1nya s.s. has a shell structure of simple aragonite prisms and 1niddle and 
inner nacreous layers. Panopea of t he Hiatellacea (l\1yoida) is anaton1ically and 
1norphologically very sin1ilar to Pholado1nya (even including surface granules) but 
has an outer pris1natic layer, a nuddle hon1ogeneous and an inner complex crossed
lamellar later. Other men1bers of the Hiatellacea have shells consisting of homo
geneous structure alone. It seems very probable that the Hiatellacea have been 
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derived from the "pholadomyoid" stock. Some Pholadacea have a shell structure of 
simple prisms, crossed-lamellar and complex crossed-lamellar layers. The structure 
of the outer layer closely resembles that of Panopea. It seems that the Pholadacea 
may have arisen from the Pholadomyacea in the early Jurassic; the genera Myopholas 
and Giradotia would seem to be transitional forms (Morris, unpub.). 

The Myacea consist of two families, the Myidae (Palaeocene-Recent) and the 
Corbulidae (L. Jurassic-Recent). It does not seem very likely on anatomical and 
shell morphological grounds that the Corbulidae gave rise to the Myidae . This is 
supported by the fact that the Corbulidae have a two layered and the Myidae a t hree 
layered shell. The origin of the Corbulidae might perhaps be found in the Permian 
pholadomyoid forrns such as Pyramus amd M egadesmus (see figures in Runnegar, 
r g67). The Myidae would seem t o have been independently derived from the 
upholadomyoid" stock at a much later date. 

Most Pandoracea have a shell structure of simple prisms and two nacreous layers, 
this and anatomical characters suggest a derivation from the Pholadomyacea in the 
Trias or lower Jurassic. The Thracidae (family of Pandoracea) have today a largely 
homogeneous shell, the outermost part of which retains a vestige of prismatic 
structure. However in the Cretaceous the Thracidae had a prisma to-nacreous shell 
and apart from shell structure there is little to differentiate the Thracidae, from other 
Pandoracean families such as the Latemulidae. 

The origins of the Poromyacea are obscure but certainly the Cuspidariidae can be 
traced back to the Trias (Cox, rg6o; Morris, r g67) and have probably arisen from the 
Edmondiacean genus Solenomorpha. The Edmondiacea appear to be a hetero
geneous Palaeozoic group closely related to the Pholadomyacea. Some of the 
Poromyacea have a prismato-nacreous shell and others are entirely homogeneous. 
Although the superfamily has a septibranch gill there are many anatomical resem
blances to the Pandoracea. 

The Clavagellacea are a highly aberrant group but anatomical characters, the 
nacreo-prismatic shell and the surface granules suggest a close affinity with the 
Pandoracea. 

Evidence from the Monoplacophora (Erben, et al, r g68) , Archaeogastropoda 
(Wise, 1970; Wise & Hay, r g68) , Nautilus (Gregoire, rg6z) and some of the oldest 
bivalve lineages strongly suggests that the uprimitive" shell structure of the bivalves 
is a simple aragonite prism outer layer and middle and inner nacreous layers. Sub
sequent evolutionary radiation of the shell structures has been a result of the 
increased exploitation of different habitats and different modes of life. Taylor & 
Layman (1972) have stressed the functional significance of bivalve shell structures 
and present evidence correlating structure with mode of life. However we need 
much more information on the course of evolutionary change in shell structures and 
it is probable that in time sufficient well preserved Palaeozoic material will be 
discovered in order to document these changes. 
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PLATEr 

All figures on this plate are acetate peels 

FIG. 1. R adia l section of the outer composite prismatic layer of Codakia tigerina showing 
the fine needle-hke cryst allites a ligned norn1al t o the gro,vth increments. >' r6o 

FIG. 2. Radtal section of Lucina fijiensis showing complex crossed-lamellar inner layer 
(bottom ) \vith st ep-like blocks of pallia l myostracum (upper). x r6o 

FIG . 3· R adial section of the outer crossed -lan1ella r layer of Astarte sulcata sho,ving very 
fine first order la mels and gro·wth increments "' r 6o 

FIG . 4· R ad1al sectton of the outer layer of Astarte sulcata illustrating the change in 
on enta t ion of the first order lamellae inwa rds from the outside of the shell (upper) )' 100. 

FIG . 5 R adtal sect ion of the inner complex crossed-la mellar layer of Lucina jijiensis. 
l OO. 

FrG. 6. R adial sect ion of Crassatella decipiens sho"ving the outer crossed-lamella r layer 
(t op), the pallial m yostracum and the Inner layer 'vhich begins as complex crossed-lamellar but 
grades into homogeneous structure. x 160. 

FIG. 7. R adia l section of the inner layer of Astarte incrassata showing both the myo
stracal p rism s and homogeneous structures . x 160. 

FIG. 8. Oblique section through the inner layer of Astarte incrassata in the umbonal area 
showing the individual m yostracal prisms surrounded by homogeneous sb ucture. x Bo . 

• 
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PLATE 2 

Fits r Crassate lla radiata, rad1a l ectwn how1ng m yostracal pillars In the tnner con1plex 
crnsc:,ecl-la mellar layer. These ternunate a t the tnner shell surface to produce boss-like structures 
as 1n fig 2 \ cet ate peel , r6o 

FI(, 2 .. urface of the inner layer uf Astarte borealis showing the h1gh den tty of nlyo-
tra cal bos~ec;, "eparated by homogeneou structure Scanning electron-n1icrograph, · 50 

FJ(, J . S1111Ilar area to Fig 2 but higher n1a.gntficahon 280. 
Fie.. 4 · H.ad1al ectlon of the outer cro ed -la mellar layer of Cardita sowe rbyi how1ng how 

the prunar~ lan1els a re arranged rad1ally 111 the outer part of the shell (t op) and become ahgned 
concentric all~ 1n" ards . cetate peel, 1 6o 

FIG 1 H.adtal section of Ca1·dita marmo1·ea show1ng the m yo tracal pdlar cutting both 
the outer Lro~sed-lamellar layer (bottom ) and the inner complex cro sed-lan1ella r layer. 

Letate peel, x r 6o 
FIG 6 Rachal section of the inner con1plex crossed-la mellar layer of Ca1·dita sowerbyi. 

:Note the 5heets of n1yostracal pnsms and the continuity of the m ajor ~ tructures through then1 . 
cetate peel, ? t6o 
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PL TE 3 

Fib 1 Hadtal sect1on of Trachycardium con sors in the htnge showtng the crossed -
la mellar layer \nth two on enta tion of fir 1. order la1nels (top and bottom) separa t ed by a th1n 
m yo traLun1 (probably pedal) . cet a t e peel, r 6o 

Fie. 1 H.ach a l sec tion of the outer crossed-lan1ella r layer of A canthocardia echinata 
ShOWlilg the Yer r fine, fir t Order la tnel Inter ected b y prOIUinent growtll ba nding Cet ate 
peel, 160 

FI<· 3 l{adta l sech on of the ou t er cros ecl-la tnellar layer of Laevicat·dium alte rnatum. 
Acetate peel, 160. 

Fie., 4 Inner con1plex crossed-lan1ellar layer uf Cerastoderma edule ; rad ta l section . 
.. \ cetatc peel, · r6o 

Fie$ 5 H.ctd tal .,ectlun of the outer cros~ed-latnellar layer of Hippopus hippopus showing 
the change 1n onentatlon of first order Ian1cls assoc ia ted w1th strong nbb1ng _\ cet a te p ee l, 
r- 4 0 

FJv 6 Rc1chal sechon of the ou t er c.. ros ed-la mella r layer of Tt·idacna squamosa showing 
severa l firo;.,t order lan1els with constituent la th-hke, second order la mels Inclined tn oppostng 
dtrec..tlon~ 111 adJaCent first order lantel .. \ cetate peel, r6o. 

FIGS 7 & 8 R adial sections of Hippopus hippopus, inner layer. Fig. 7 is a scanning 
electron-nucrograph ( r,2oo) of the tructure which 111 the optical micrograph (Fig. 8, r 6o) 
appear h Oin ogeneous and banded. The banding cons 1st of sheet s of a ragonite needles a rranged 
\vith their long axe::; norma l to the plane of the sheet 
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F I lT I. Htlclw l section of Mactron e lla exole ta 
la n1elln r a nd Inner com plex cro sed-lamellar layer 
Fu~ 2 Outer cro sed -la n1ellar layer of Mactra -

cha ract en ·ttL of th1s famdy .Ace ta t e peel, 8o 

h n \\ 1ng boundary beb,·een outer crussed -
_\ cet ctte peel, 40 

produc ta shO\Ylng the very thtn la n1 el 

1"" H. 3 R ,Hh,d section of the 1nner layer of En s is siliqua ho\Vlng how thi layer 1s bui lt up 
of hec t c:; of pn c,1n , alterna ting " ·ith heets of c.on1plex cros eel -la mellar tructure. canning 
elec ti·on- tnicrcJgrdph x 2.ooo 

1~ Ic, 4 I nh~hed , et ched, rad1al se t1on of t.he n1tddle crossed-lamellar la yer of Hecuba 
scorturn . Scc~ nn1ng electron-micrograph, 2,ooo. 
FIC~ 5 Racha l o:,ection of the junction beb' ecn the outer con1posite prisn1atic a nd the 1nidd le 

ern~. eel-la mella r layers of Donax jaba ~canntng elect ron-n1icrograph, r,6oo . 
Fie, 6 H.acl ial ection of the con1pos1te pnsn1at.1 c layer o f Donax jaba showing t he long, 

la th-sh tl pcd urllts of t h1s structure a found 111 t.his family. canning electron-n11 crograph, 
A 2,000 
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FrG. T. P olished, etched, section of the inner pn n1ah c layer (myostr acal pris111S) of Sem e le 
tor tuosa. cann1ng electron-micrograph, 6oo. 

FIG 2 .\ s Fig r ; sho,ving 1111ddle crossed -lamellar layer and the inner pn n1atic layer 
separated by a th111 sheet of myostracal pn n1s of the pa ll ial n1yostr acun1. canning electron-
In icrograph, 1,ooo. 

FIG 3 H.adial sec tion of the n1iddle cro ed-lan1ellar layer of S olenote llina radiata 
sho,ving ' ery narrO\\ first order lamels. ceta te peel, 8o 

FIG 4 Rad1a l secb on of Sem e le to1·tuosa \vith outer con1posite prisn1atic layer (top right), 
111iddle crossed-la1nellar layer and an inner layer composed of myostracal pri ms. Acetate 
peel/ ' 4 0 

FIG . 5· Con1plex crossed-lan1ellar inner layer of Asaphis dejlot~ata. cetate peel, 4 0. 

FIG. 6. H.adial section o£ inner con1plex cros ed-la mellar layer of Solenote llina radiata. 
Acet at e peel, Ro. 

FIG. 7. H.c1 dia l secb on of the inner h on1ogeneous layer o f T e llina radiata showing la rnellate 
charact er produced by orga nic sheet s. Acetate peel, "' So. 
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Frc I R adta l sectlon of the outer crossed-lan1ella r layer of G lossus humanus ; pallial 
m yos trac un1 a t bottom left . Acetat e p eel, o. 

F IG 2 . R adtal sect ion of the inner con1plex crossed -lamellar of Poly m esoda anomalata . 
.. \ cet a t e pee l. 1 o 

FIG. 3· Pohshed and etched radial section of the outer crossed-latn ellar layer of Dre issena 
p oly m orpha showing fiTe adjacent la mellae canning electron -n1icrographj x 2 ,400 . 

FIG. 4 Radial sectlon (polished and et ched) of the outer crossed-lan1ella r layer of 
Sphaeriurn lacu s tris. canning electron-micrograph, x 2,400. 

FrG 5 I nner surface of the inner hom ogeneous laye r of Gaimardia 
genera] alignn1ent of granules t owards the shell margin (top right). 
1nicrograph, ;, 3,ooo . 

trapezia showin g a 
Scanning elect ron-

FIG 6. Fractured section of the inner h omogeneous layer of Gaimardia trapez ia. 
canning elec iron-micrograph, x Boo . 
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Frc.,. . r H.adtal section of Venus striatula show1ng the outer con1pos1te pnsmatic layer (t op 
left) and the middle crossed-lamellar layer \vhich grades into homogeneous structure in"Yva rds 
(bottotn right) ... cetate peel, 8o. 

FIG 2 Radtal section of Venus s triatula showing the outer cornposite prisn1a t ic layer (top) 
and the mtddle homogeneous layer. cetate peel, 8o 

FIG 3· Concentric, polished, etched, section through the outer con1pos1te pnsn1atic layer of 
Mercena~ria m et·cenaria sho\vtng the large prism un1ts n1 ade up of stn8 ll crystallites. canning 
electron 1111crogra ph, 2 , 4 00. 

Frc. 4 Rad1al ection (polished, etched) of the outer con1posite prisn1atic layer of Tive la 
hians showing fi r t order units m ade up of smaller cryst a lhtes in a feathery arrangement. 

canning electron micrograph , " r.4oo. 
FIG 5· s F1g. 41 showing the contact bet ,veen t he outer composite prismatic and the 

1niddle hom ogeneo us layers. Scanning electron micrograph, 3 ,ooo. 
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FrG. 1 Pnhshed , etched, radial ection of the cro sed-la n1 cllar n11ddle layer of Me rcenaria 
m ercenaria .,ho" 1ng the needle-hke th1rd order la1nellae ahgned in oppos tng dtrech ons 10 

adj acent first. order lamellae. Scanntng electron-nll<- rograph, 2,400. 

FIG 2 H.ctdml ect1on of the outer crossed -lan1ellar layer of Hyste·roconclta dior1 e shovv~ng 
the cros ed-lan1ellar structure rathatlng fron1 a centra l axis \vhich is aligned parallel to the outer 
hell surface ~ote the strongly reflect ed gnn' th It ne cet a t e peel, ~ o 

FrG 3 Racl1al ection of Gajrarium p ectir1atam sho'' tng the tra nsitiona l na ture o f the 
crossed-lan1ellar jhomogeneou boundan es 1n the outer shell layer ceta t e peel, t<o 

FIG 4 H.ad1a l sech on of the outer crossed-lan1ellar layer of Hysteroconcha dione showing 
the arrang~ 1nent uf lan1ellae 1n a sp1ne. .Acet a le peel, x 8o. 

FrG. 5 Polished, et ched section of the n11ddle 'homogeneous' layer of M ercenaria m er-
cenaria shu' tng the onentated nature o ( the crystallites. canning electron-n1icrograph , 

J 31200 
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.\11 figures a re canning electron-nucrograph. 
Fr<... r Plllt~hed, e tched, rad1al sec tion of the outer pn n1atlc layer of Panopea zeylandica. 

Xote the lack of a distinct 1nterprisn1ah c prot e in wall and the Irregular o n enta tlon 650 
Frv 2 .\ o.., Ftg I but a detatl of an tndi,·tdual pn m sho" 1ng 1t con tructlo n fron1 nearly 

honzonta l, plat~ cry -tal r,1oo 
Ft<... 3 T angenttal sectwn through a prisn1 suc.h a Ftg 2 sho,Ying that the pn ·n1 1 con-

stituted fron1 platy cryst a ll tt e " ·hich radta t e fro n1 a centra l axis r ,300. 
FIG 4 P olt::,hecl , et ched, radia l section of the tnner "homogeneou " layer uf Panopea 

zeylandica ho\\ 1ng tha t a t high n1agni1icah on 1t 1s m ade up of very fine complex crossed-
lamellar '5trul ture 6,500 
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All figures a re scanning electron-micrographs 

FIG I Polished, et ched, radial section of Zirjaea crispata sh ow1ng the outer layer (bottom 
left) cons1 tlng of elongat e gra nules a nd the n1iddle c. ros ed-la mella r layer (t op n ght). 500 

FIG . 2 Det ail of the outer layer of Zirjaea crispata ; heav1ly et ched . I ,400. 

FIG 3 R ad1 a l ection (pohshed and e tched ) of the outer crossed-la n1ellar layer of Teredo 
navali and the ha rp ridge produced fron1 th1 tructure. ~ 260 

FIG 4 Polished, h eaYlly et ch ed rad1al el.. tton of the middle c. rossed-la n1e lla r layer of 
Teredo navalis. 1J4oo 
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_ ll figures t1re sc.anntng electron -n11trogra ph 

Fie, 1 H(ttl1 a l sec. tlon (poh shed a nd e t ch ed ) o f Barnea candida sh owtn g the outer prism a tic 
lclyer (top h dlf) a nd a " sh oot " of the m1ddle c..ro sed -la n1ella r layer (see T ext-fig 28) The p r isms 
a rc o ft en, a~ ~huwn a rran ged 1n ra dia ting groups. Bso 

FH, 2 _ \ a bo\·e, sh ow1ng a "sh oot " uf the n11ddle crossed -la n1ella r layer sandwich ed between 
outer pn~tn a t1 layer 850 

I~ re. 3 I>ct <:ul of t he outer pnsm a ttc layer o f Pholas dac ty lus (tnn1pa re with Pla t e g, fig. 2 

of p rt f, lll 1n Pa 11opea) r, r oo 
Fr tJ. 4 Poli::,hed, e t ch ed, section of the o uter g rey h o n1ogen eou layer of My a truncata 

illm:,t ra ttng the f<Jnna h un from irregula r gra nular cry tals 1, 2 0 0 
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All figure are Lanntng electron -n1icrographs of Pholadomy a candida. 

FIG I. Fractured radial ectlon sho'' 1ng the ou ter c:i!mple pris1natic layer (t op), the middle 
n acreous layer, palhal 1nyostracum, a nd an tnner layer, cons isting initially of nacre a nd then 
thick sheet ~ of rn) o5trat-al p n n1 2 4 0 

FIG 2. DetcJt l of the 1nner layer ho'' tng the heet of n1yostracal pn ms separated by very 
th1n sheet of naL r ~ {tntenor of shell to" ards t op of ptcture) 6oo. 

FIG 3 Inner n Clcreou layer sh ow1ng heet of nacre cryst a ls by a heet of m yostraca l 
• pn sms 
FIG. 4 

" ·ith the 
/ 2, 4 00 

2,400 

iVllCldle naLreous layer, con1pare the short bent cry tals \Vith the step-like a hgnment 
n1ore regular fiat beets of larger cry tals of the nacre of the inner layer in Fig. 3 . 
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FIG I 

spheruhtes 
FIG '2 

spherulit.cs 
I' Boo 

Fu; 3 
J, l OO 
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11 figures on this pla te are scanning electron-micrograph 

T hrac ia phaseolina , 1nner urface of the outer shell la yer showtng 1ndn·idual 
eparat ed by pen ostracun1 1. 100 . 

Fractured section of the outer layer of T hracia phaseolina sho,ving grow1ng 
separat ed by sheet s of pen ostracum. Inner shell surface t o t op right corner. 

s F1g. 2 but shovnng det a il of gro,ving spheruhte on the inner shell surface. 

F1 c, 4 Outer shell surface of T hracia phaseo lina showing spheruhte proJecting through 
the pen ostracum 260 

FtG 5 P olished , et ched, radta l sec tion of the outer pnsmah c la yer of Eu ciroa eburnea 
sho\\ 1ng h O\\' the prisn1s are made up of rad1ating needle-like crystal li te . ote the lack of 
sharp boundaries behveen pdsms. 625 
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FIG. I 

FIG. 2 

through a 
FIG. 3 

~ 6,6oo 
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All figures are c.ann1ng electron-n1icrogra phs 

p1nes on the out er shell surfa e nf Euciroa eburnea. 210 . 

Fractured section of the out er layer of Poromy a granulata h O\\ tng a sectlon 
u rface granule r , I oo 
Inner shell surface of the inner homogeneous layer o£ Cu spidaria cu.spidata. 

F I G 4 rac tured section of the outer h anogeneous layer and n1iddle nacreous layer of 
Poron1y a granulata. r, roo 

FI (J 5· F ractured section of C uspidaria cu spidaria sho\\'Ing the outer homogeneous layer 
(botton1 ) a nd the 1nner layer re en1bling con1plex crossed-la mellar layer separa ted by a 
p n n1at1 c pallial n1yostrac.um . Boo. 
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. 11 figures are scanning electron-n1icrograph of P enic illus sp 

F10 I . Inner surface of nacreous layer · 2,300. 
Fie. 2 . F ractured section of nacreou layer of valYe show1ng sheet nacre 2,400 
FH , ~ Fractured section of the tube ho\v1ng the fi a t pla ty cryst alhte .-: 2 ,400 

Fr tJ 4 .\~ F1g 3 but sho'v1ng the st acks of pla t y cryst alhtes :> 1, 2 0 0 

F 1r. 5 urface granules , covered by pen ostracun1 on the outside of the true valves. The 
gra nulec; a rc arranged in rows ' vh1ch radtat e from the umbo r, 3oo 
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