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ON A NEW I,XOCYRA Fr.OM T il l': Ug L RIO CLAY 
AND SOJIE 0DSERV ATI ONS ON 'l'ln: EVOLUTION 

OF EXOr.YRA IN T IL ~ T KXAS CltETACEOUS' 

By I ~M!I, 110£1': 

Ncady tWenty ,"cars :tg'O :~UCr:1Pts were made to ~llbdh'ide 
the Texas Creti\ceou:" lm:;ing fo;trati~~raphi('a l ;wncl'. on the 
O,'C l UTcncc of fl.\':-;t<!I'S, c;;pccially r.ryplllleas alld }<;XOJOT<L S. 

That .'~lIdl :1 ... ulJdidsion mll.-.;t iJ(; doomed to fa ilure will be 
cddcnt to <lny p:d(,;1l1t()[ogi:.;t Oil a(TOllnt. or th(~ extl'cmc 
vnriaiJilit,v (Or fI,\'stC)''';, Jo:;": !J~.\Ta induded, But these at. 
tempts arc inlCn!sti ng. in so faJ' as they s howed that Ex­
O!-l'yl'<lS Ol't'ur in l11(),.:t of the Crd:u:cIIW, beds Ill' TexlIs and 
that all Lh cse may be relah~( l to each other. )·ixog'yr<ls on' lIl' 

practically fnml the io\\'cl'. t ;;.tl";ILunl or the Tri nit,,¥, form­
ation. whith cOlTc~J J()nd:o; to the Aptian, to the highest e re­
t,l('eOll.";. the NantrJ"(l beds; which in theil' lI p pe.t' pltl"t, the 
higher Es("olHliilo her]s, eel"tainly repre:';ent the Maestrich­
t ian, 

In orde l' to !';ho\\" the t!,'nlution of ExogYl'a in the Texas 
Crctaccou::; a thorough coiled ion of sJ1eeimel1~ of thi::; gentlE 
in the different bed::; and a redescription of the Imown 
species would be absolutely neces:o)lIl'Y ; first, beC(luse many 
forms are still ulHlescJ"i\.ted; ami second, because in most 
of the de!-;cribcd species the development from the ~mallest 
to the mature individuals hns not been sufli ciently 41ken 
into account. The vc ry slYt<lll specimens are often the mOl;t 
important ones, UCC<IUSC their oI'nllment<ltion i::; fI'cQue ntly 
qltite diffen;nl fl'om tlwl of the full gl'own individual::; and 
demOll::;tl'ates from which fo r lll::; in lower beds the ::;pecies 
has branched off. Often tlw ol"lHlmen tation o n tlw "ery 
first 1);<I 1't of the beak of m:d.lll·(' specimens shows also this 
ol'iginnl onmmenlntioll, but "rrclwl'ally the beak h.\::; b<!e n 
cOl'roded by thc mO\'cmcnt of j he shell in the water 0)' h)' 
t he grindi ng effe(·t of i'and ~11 clllTenls, 1n tiWS(! l'ase~ the 
leak will .11)))e:!1" smooth, alt hOll)!h the .voungel' " petimens 
show a decided ornamelltation. In ExoJ..(.\'r:l the C\'o\lltion 

'Tlw manu~t'I 'i pt (0\' tJd ~ 1,,11l,·t· wa~ ~uhmittl: d in .) UIW, 1!J1!I; 
the hullt·tin W'I~ isSlle ,! ill S"pl,'mut' r, !I)!!), ( I~d.) 
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of the beak is of an importance similar to that of the suture 
and the RmaJler whorls in the ammonites. 

More than twelve years ago, when I described the fauna 
of the Cerro de Muleros near Ciudad Juarez, Chihuahua, 
Mexico, I felt convinced th~t most of the Texas Exogyras 
had developed from a commun tribe, but at that time I did 
not have enough material a nd there seemed to ex ist serious 
gaps which in part have been filled since that date. One 
of them especially was between the Vraconnian and the 
highest Cenomanian; or, uRing local terms, between the 
uppermost Edwards limestone and t he Buda limestone. This 
latter one has been recently filled through a discovery made 
by Mr. W. R. Cartledge, who found a new Exogyra in the 
upper part of the Del Rio beds in the "egion neal' the Quick~ 
silver ctepo~its of the Terlir.gua district; a species which 
will be described farther on. 

I do not propose to prove that the evolution of the Texan 
Exogyras wa~ entirely continuous, becau!'!e my mate rial is 
still very incomplete; but I wish to open a road for some~ 
body else who may want to demonstrate in what manner 
Exogyra developed in Texas during the Cretaceous. It 
will probably be found that such an evolution existed and 
was at least partly pa rallel to the development of this genus 
in southern Europe and northern Africa; possibly in the 
later stages also in Asia. 

Thus the content of the following paper will be merely a 
sketch, but it may point out a way for a monog t'aphkal 
description of the CretaceoU&1 species of Exogyra in Texas: 

The oldest species of Exogyra in the Texas CretC'.ceOllS 
seemingly OCClll'S in the low~l" part of the Trinity formfltion, 
the Ba:;;ement sand !\ or Travi1'l Peak fo rmation of Tra vis 
Cuunty. This species has been descrihed, althollg-1i nf.! fig~ 
ured, by Cragin' as E,1:0!J!J)'(~ !-lilli, He as~erts that it ha1'l 
also heen found in Arkan,>a~, where it was de.$cribed by 
R. T, Hill." It jg a gmall form ~omewhat similar in out;... 

'I.'. W. Cragin, A CHntl'ihut ir.n to the inv(,rt. l'a1cuillol. of t he T('xlI:; 
Crclnc('"u~ . 4lh ,\n. Rql, Ceo!. SU I"\' . T~',,:,s, 18:13, p . lR6. 

~n:. T. Hill Th e M('~omit- ~e,.1 c.gy vf "outhw~st('rn Ark:l ns:lS. _"'n . 
Rep. Geot. Sun'. l\rkaIlHa~. IS~,~. \"01. 11. p. l:n (ulldn ' the name 'if 
O.~Il"('" Fnml.-/illil, pI. fi, fiL!. 1-\0 (nut pI. 5, fi g' . ll - IS; pl. G, fig. 
10-27; pI. 7, fig. 28·30). 
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line to immature specimens of E.I·. te.l"Cma, with 5 to 8 radial 
folds on the anteriOl' slope, a distinct umbonal ridge, and a 
steep anlel"ior slope. The upper valve is practically smooth. 
This fo rm ~eem::; to be intimately related to E:ro!J!11'lt BOIl8-

,<;tll{J((ulli cI' Ot'lJ.' which occur;; approximately in the cor­
responding horizon of Europe. A similar form has b,~en 
found in the Aptian of San Juan Raya, Puebla, Mexico. 

This species seems to have branched off into sc\'craJ forms 
in the next higher rlivi"ion of the Trinity format ion, SOllie 
of wh ich have heen described and very imperfectly fit'lired 
by Cragin as F;,I;, 1)(IItI)f'I'cllin." <md E:i;. 'llJeatherf01'den8-i.<~.' 

These species are quite frequent in the Alternllting bed~ 
(Glem-ose), the middle and upper par t of the Tr inity form­
ation. Both ::.eem to be related to A',I;. H illi and Ex. Rou·"I­
.~inga.ulti, although the distinguishing feature in Ex, pa7l­

lJe1'clIla is that the beak becomes free from the rest of the 
shell as in E.!;. (t1·ietiJl((. E.'x. pnu}w1'clIln has only 2 to 4 
irregularly-topped, angUlar, radial folds on the lower val .... e. 
while the upper valve seem!'! to be smooth, I have not been 
able to see the original !'!pecimens. 

Much more similar to the £';1;. Roussinoaulti group is the 
Ex. weathCl'fo1'llen,<;i.~ (pI. 1, fig. 1, 2) with a strong um­
bonal ridge, 6 to 12 oblique pJieations on the anterior slope, 
and a greater number of narrow, ~ubl'adiate, or curved pli­
c;\tions on the posterior slope. The upper valve is smooth, 
hut the margin is often scalloped corresponding to the end· 
ing of the ribs on the lower valve. 

This is, at least, what I taKe to be Ex. weatherfonlen.'fis, 
a species which has llOt been very well figured. In the 
collection of the University of Texas exist.. .. a number of 
specimens collected by Taff at one quarter of a mile weHt of 
Weatherfo rd, labeled E. BOll~sinoaulti d'Orh. This species 
certainly is very similar to the French form and a near rela­
tive of it, .and at the same time also of E x. llilli. It does 

'A.d' Orbigny, Yoy. <lans l'Amerique mcrid. t. 111, 4me part, Pal., 
p. 91, pI. 18, fig. 20; pl. 20, fig. S, 9. 

Idem, P aieont. fran(,:., Ter r. CrcL t. Ill, p. 702, pI. 468. 
~Cragin, Joe. cit., p. 186, Ill. 30, fig-. 7, 8. 
"Idem, ibidem, p. IH8, pI. 45, fig. 7-10. 
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not seem po;;;sible to prove that it is the ty pe of E':r. tvcathc1'­
jonfclI.'ds but it appears at least to be vory similar to the 
specimens described and figUl"erl by Cragin; and i t ce rta inl y 
proves that a ve l'y near relative of E'.r. /J()II,~.o; in[Jaltlti lived 
in the Texas sea at about the epoch of the European l'.pecies . 
The specimens from a place fou r miles west of l\fofltell, 
a lso cited by Cragin, may belong to the same species, hut 
they are mninly upper valves, and not very characteristic. 

These last two species seem to grow larger t han E.1', HiUi 
a nd to a certain degree ie."lc1 over to 1~'J:. te.wuu and Ky. 
(o"ietbut. The first of these two species is found well de~ 
veJoped in the Walnut clays, the base of the Fredericksburg 
fOl'mation. This :-;pecies h.llf. been described and f igUl'ed by 
several authors, fi n-it by Roemer ,' then by Conrad, Gabb, 
Coqua nd , White, Hill and Vaughnn, ami by mys{: I f.~ 'fhe 
species is nt:!Hriy j'ela ted to E.r. jla//{'tlol,(t Goldfuss of the 
Cenomanian of El1\'Upe, but it is in genel'ill bl'oader, t he I'ibs 
are more nume.'ous, ami the ddge is neater to the lmLcl'iol' 
side; the EUI'OPCllll :-;petie~ i1'l generally <I littl e younge r than 
E,I' . te.nnm, although thi:-; latte r passes through quite a num­
ber of horizons. In t he Walnut clay it is associated with 
EUfjonocercu.:, SchloeuiJachict group of Sch, B dknal'i, and 
S('ltlO(;II/JU('lt :1I jlTOUP (,I' Sth. (1~' IItf:C(l r i/({d(/, 3nd ihe:-;c beds 
probably l'epl'e:'ienL the Vraconnian 01' the Albian. It is 
fou nd also in the Comanche Peak limestone <lnd the Ed­
wards limestone; both still belonging to the Vraconn ian or 
Albian, At the Cerro :Muleros it occurs t hroughout the 
whole Vraeonnian, 

It should not be overlooked that the Comanche Peak lime­
stone seemingly coutnins another species of E xoY!lm. di­
rectly derived from the main tribe and €.'{ceedingly s1.nBar 
to E'J.'. l1ous8inyu'Illti; it is distinguished from Ex. texalla by 
its smooth upper valve, is not very frequent, and I have not 
seen more t han a very few specimens. 

E~:. tcxana is certainly derived f rom the tribe of Ex. 
l?ou.'l.~in!Jaulti represented by E x. weathel'fo1'(lcnsi,~, but the 
younger s pecies grows ml1ch broader, t he umbonal ridge 

' Roemer, Kreiuebild. \I, TexM, 18[;2, p . GO. pI. 10, fi g. 1a-le. 
~Bose, Cerro de l\Iul(~ros, Bol. Inst. g-eol. de Mexico, 25. p , 112, 

pI. 20, ril{. 14-IGj pl. 21, fig. 1-11; p1. 22, f ig. 1-9. 
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move~ nearer to the anteriol' margin , which becomes ex­
ceedingly steep, while the po~terior ~lope becomes flattened 
or even concave, The upper valve develops a great number 
of somewhat irregula r radial ribs, the umbonal ridge be­
comes very pronounced and the anterior slope quite steep, 
A conscientious study of the form~ from different horizons 
may show that even within the species a certain develop­
ment t.:1.k~H place, in so fal' as t he umbon;;\l ridge is nearer 
to the anterior margin in the older specimens than in the 
younger ones, and that the ribs grow coarser in the ind i­
viduals found in the highet' hor izons. 

E,]'. I.e,wllla nearly alway.'i occurs in great numbers and 
with it Ucgins the rich development and subdivision of the 
principal tribe, 

Before we go any farther we shall have to mention an­
othel' fOI'm developed during the AIL inn or the VI'aconnian 
and apparently the ancestor of seveml younge l' species. 
Th is is the form described uy Cragin I as E.!'. 1}l e,!'(~, Under 
t his name Cragin seems to lllwe united at least two differ­
ent species ; I refel' his name to one of these wh ich looks 
entirely like an enlarged ju\'enile specimen of £,1'. w'{etina 
(compare the descriplion of this species given below). The 
exact types could not be found, but thcre is Rufficient ma­
terial from the or iginal locali t ies. (Compare pI. 1, figs. 3, 
4.) J rega rd as the type the specimen figured by Crsgin 
in his figures 3, 5, 6 (not 4) . I t is entirely covered with 
fi ne radial r ib!! which cross the prominent umbonal ridge 
obliquely as in the juvenile specimens of Ex, al'ieti11a. The 
specimens occur in the bed of b''J.: . te:l'ltnCt below the Kiami­
tia clay!,; on the Texas and Incitic railroad, three miles west 
of Benbrook. The whole shell is spirally curved s imilar to 
the young E :t:. (j1 'ietilla. although the size is much larger . 
The beak is Rtill pressed down llgainst the body of the shell, 
but a furt her spiral devel()pment would detllch the beak 
from the rest of the valve. 

This species has probably developed from the group of 
E x . B01t.'~8ingauLU (E:l:. weathe1'fonlen8i,~ ) losing the thick 

'Cragin, Icc. cit., p, 187, pI. 3 0, fig. 3..(;. 
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folds and developing fine ribs, but J'ctaining the high um­
bonal ridge. 

In the same strata we find another species, of which a 
specimen not very characteri stic has been illustrated by 
Cragin in hi s fig. 4. The uppe r part (about 15 mm. in 
height) i!; practically of the same form and ornamentation 
as E x. 1)fexa typo but from there on i t begins to develop 
on the anterior side four to five strong radial folds begin­
ning near the umbonaJ ridge and going down obliquely with 
the ridge to the anlero-inferiol' margin. They arc much 
stronger and sharper than shown in Cragin's figure and are 
covered by fine radial ribs. They are fai nter on the mould 
and there appear smooth. As ou r malel'ial is not gufficient 
to allow a complete description we shall designat e the species 
as E x . nov. sp. aff.1)le.(a. (PI. 1, fig. 5). 

Ex. ple:w seems to lose the fine ribs on the lower margin 
in larger specimens, as is shown by an ind ividual from the 
original locality. This feature is s till more evident in larger 
specimens found at the base of the Fort Worth limestone in 
Duck Creek, Grayson County. This is evidently a younger 
form of the same group, but possibly a different spec:e,; or 
variety. It grows much larger than the type, sho\\" :-; a lJ· 
proximately the same ornamentation on t he umbonal re~; on. 

but becomes entirely smooth on the inferior margin . 
Another form from the Kiamitia clays found on little 

Mineral Creek, north of Pottsboro, Grayson County, shows 
an ornamentation very similar to that of E x . plcJ."a on the 
umbonal region, but develops a rather deep furrow along 
the umbonal ridge on the poste rior side and several obtuse 
folds covered with fine radial ribs on the anterior side near 
the antero-inferior margin. It is most probably a descend­
ant of E x. nov. sp. aff. plexa, mentioned above (PI. 1, fig. 6.) 

About the development of Exogym in the Georgetown 
formati on, i. e., the lower and middle part of the ~cnoman­
ian, little is known. 

There is a large species frequently found in this forma­
tion and it has generally been called E ;!;. amc·/·icana or E x. 
Walkeri. It was originally described by Marcou as Gry­
phuea sinuata var. amm·ica.na, and Cragin cites it as E x . 



On a New Exogym b'om Del Rio Cla1} 9 

americana Marcou, Unfortunately, only very large sped­
men~ are described and figut'ed, but the individual illus­
trated by Marcou shows that the younger specimens must 
have strong, fold-like, radial ribs in the umbonal region. 
Therefore I presume that this broad and flat species with 
its obtuse ridge neal' the anterior margin developed from a 
broad, coarsely-ri bbed group, probably one derived from 
E a.: . te;J;ana. 

E a'nfmra become:; exceedingly f requent on top of the 
Getll'getown fo rmation in the Del Rio clay which represents 
pm·t oC the uppel' Cenomanian. 

The principa l specie:'> is E.~'. (!'!·idh/fl. Roem. which we have 
l'edescri bcd fm'ther on. It i ~ evidently a clescendent of Ex. 
1)/cnl : it reta ins the ormunentation of t hi J,; s.pccies and its 
form on the umbonal region :mc\ in the very you ng indi­
viduals, bllt later on hecomes entirely smooth and its beak 
becomes detached becau!'Ie tlle whole valve coils. !;pi rally. 

A second ~ pecies is F;.... C(I)"Urllfj l:i nov. sp. , described be­
low. It certainly wa!; deri ved from E :I:. nov. sp, aff. lJle.ra, 
developing the stl'ong radial r ibs still more, while the beak 
became f'lomewhnt detached from the rest of the shell by the 
coi ling o[ the v!lh 'e: " The f'l trong umbonnl ridge is still in 
exi!:;tence, hut the fine ribs on the beak were Io::.t ; or '-i t leaf'lt 
are not Jlresen'ed on the xpec imens r have in hund. 'fh i!'! 
s pecie,g gnm,:::' much hu'gel' than ei the r E ;r. no\'. ,g po aff. 
ple.ra or r;.l'. (ll'icf,j;/(t. 

Cragin ' descr ibed anothel' species from the Del Rio clay 
which he called E,\'. D I'akei. Unfortunately his figu re!'! are 
vel',r deficient, hut his ol'igimll ,g show that the species is 
enti l'ely different from E.l' . ('(l1·UedfJci. It is covered with 
irregular hllt st!'ong ribs on the lower va lve, not re..'llly 
coiled, bllt rather bent ove r to one s ide, as shown in Cragin's 
figure 11 . The upper valve i:=: very s imilar to thllt of Ex, 
o)'ie/.hl(/. rmd E.1:. Ca.1'tledgci. 

In t he nex t higher hori zon, the Euda limestone and the 
corresponding stmta of the Cerro de Muleros, which, ac­
cording to the echinoid fauna described by Whitriey. and 

'C ragin, 10C'. cit" p , 184, p1. 2!), fig , 8-11, 



10 

the ammonite:;;, represents the \'e ry uppermost part of the 
Cenomanian, several F.:xogYl'aR occur which are larger than 
most of those in bed8 below, with only the possible excep­
tion of F::t. omcricmm. 

The species found in the Duda li mestone i:; Ex. Clarki 
Shatt. ,l hut the specimens figured by Shattuck represent 
only me rlium·sized i ndividual~ lllld the Rpecie~ should be re­
described <.Ind figu red. It is n very broad a nd not very 
thick species very similar to E;r. (/.mcl'iC(l.1ICl; the medium­
sized spec imens show rathel' strong radial ribs, wh ile the 
mature specimens Hrc almo3t smooth. Very juvenile speci­
mens elo not Reern to have been fonml. The species evi­
dently is l.\ direct de!'.C'enUcnt of the oleler h',r. amcl'icaJ/.(t. 

In the COlTcsponding strata of the Cerro de Muleros an 
E.l'flfI!fI'(f is found in gTeat llumben" which I took fOl'm~l'ly 
to be identical with l~',l' . ClnJ"ki ~lnd which on account of its 
great Rimilarity with F:,I'. POHt/(,l"flN(I I described i:l!' R,!". pou ­
d,'/'II I"([ val'. C'1((rki, ~ The medium-sized spec imens or this 
species rca lly are extremely ~ i milal' to E,l'. Chtl"l.-i while the 
full grown individuals fire entirely dirrerellt. I t.herefore 
r ename the specie!' fmm the Cerr o de Muleros and ('ail i t 
E '.fIJ,fJ!lI"f/ rrlu't lll'!li in hono!' uf Prof. F. L. Whitney, who;:;e 
heautifll] studies ahout the echinoid nnrl mollusk fauna of 
the Euda limc;:;tone ha\'c given us the first idea of its rich 
fauna and its I'cal Hge. 

I have fig'ul'ctl especially the juvenile and medium-~,d%ed 
specimens of g,)'. Wh ifll('!1i in t.he w()l'k citer! aon\'e. If we 
com pare figs. fi, G, 7, 11 on plale 2" with specimens of 
g", JII,',W!, wc can filll] ncarl,v 110 difference, Com paring 
figs. 4, R, 10. 12 Oil the same plate with 1-:,1' . (.'fll'll{ld.llf'i and 
K l ', J)/'IIkd we l'ee Oil oncc lh;\t lhe !'imilHl'ily is extremely 
great, although Ule hcuk is not qui te as much coiled spintlly 
<I!' in 1~', I' , em,tI(lllUd, T he UPI)el' valve figured in fig, !I of 
the s;lme plate j!-; ve ry !-; imilal' to thal of 1-,',1:, ( ,'(trlier/yci. 
The mature forms nrc entirely diffp-rent f rom the younger 

'ShlJUuck, Bu,la Liml'stonc, Jlul1. ll. ~. (i('(>1. Sun'. no. 20", 'GO:l. 
p. 22, pI. 10. 11. 

",.;. U;i.~f' , C('I'I'O 01 : l'Ilulel'Os, p, Inj, pI. ,no li .c:-. 17; pI. 24, fiR'. u; 
pI. 2;., fig. 8; pI. ~I;. fi~, ,1-11. 
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ones; the !"ibs mostly are nestroyed by erosion and the ~hell 
becomes entirely smooth, the beak detached from the body. 
1t brings to mind at once the elongate vl;\l'ieties of E.i:. P()!L­
dVJ"Os(t but notwithstanding the great si milarity between the 
two species I have become convinced th<lt they should be 
!:IepHrated specificnll y nn account of the !'.omewhat diffe l'ent 
form of t he younger specimens, the generally broader shape 
of the mature g.!:, pm/d r.)"(!."/(, clOd the ext remely different 
age of the beds in which both !'.pecies occur. 

Those ~mall individualR fl' c m CCfi"O de Mulero~ whieh I 
have taken to be juvenile Corms of 1'J';r , l-l'hi/.1leUi >lho\\' <In 
astollllding simil ar ity tu <I small F::!"fIY!Jrf! extremely fre­
quent in the l\lainst reet limestone of Denison. This form 
has been fl'CqUcntIy cited lIndel' the name of 1~',l'n!I!lI'{b aric­

Lilw, but is eas ily distinguished from it by its rather strong 
ribs lind the rOl'Ol 01" thc beak pre:-sccl against the bod.v of 
the I';hell. The I'clIi t; ,:" (//"ie(il((/ ()("ClIl':" in a somewhat bighe~' 
hO!'iWll of the ~ame locality; that is to sny, in the Grays()n 
l\1llri~, The ~imila rit.Y belween the ~mu ll I~':r(lfl!lm of th., 
Mn i n~tl'eet limestone nnd the ~mall indi vidunls from the J'ed 
::;andstone of Cerro Muieros is sO grcat that 1 lm\'c hecome 
~omewhat doubtful if these l;.lttel' form!'. m'c I'cai!y the .i ~I­
venile forms of l~"", l rlta /I( '!}; and not. pCl'hapl'. a dif fe ren t 
species identi<'l.Il \',ith 01' vcr;" ~imilal' tn the Em;J.ll 1:::,,,O!f!ll"U 

in the J\Iainst l'eet limestone, ~llthnugh they certainl.\' orcu r 
togethel" with I~'. I ·, Jrhill/(J!li in the re(1 sandstone of Cerro 
iVluleros. It is oj' COUl'!<e po;;.sihle that the small F:.!·ofl!lnt 
or the !\lain~trecl limestone ii-l :I t the same time <\ prcde­
cessor of /.,' .". IJ'l,'i; '1I ·.IIi and o/" I';,:', (rI·tdi/l(~, 

A species \·er.\' nt'ady J'claterl to [.;.1". !!"hilm:!!; is E.I", 
lerl).", if it is nut un!.v a variety, g ... II'}"".I· WBS dest.:l'ilJcrl 
by Cragi n ' ; ullfOl-tunate! ..... h i:,; figlll·e." !Ire so deficient that 
one cannot get an adc( luate idea of the shape, and the uppcr 
nlh'e of the origina l hH~ iJeen lost. The lower valve i!'l very 
~im ilal' tn that of the mature /';./', Whitll e!li, bn t is still more 
elongatc ; no clesel' compnri sou e;m be made before the jll-

'Cnl)!in, IIlC, cit., I', IHr., pI. :12, f ig. I; p\. :l:l, fi~. a; p\. :l~, fig" . 1; 
pl. :!li, Iig. G. 
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venile stages of Ex. {e1'Ox ha .... ·e been found and described. 
The specieg was found in the so-called lower Cross Timber 
(Woodbine) sands, which correspond in age probably to the 
Euda limestone; at least, they also belong in their lower 
part to the upper Cenomanian. 

It is difficult to say to what group belongs the form cited 
by Cragin' as Ex . colllmbella l\'leek. It certainly has noth­
ing to do with t he type of that species. The specimen which 
came from the }o\ver Cross Timber !mnds of Timber Creek, 
two miles below the Dallas-Lewigville Road, DenLon County. 
is so much cOlToded that the surface appears nearly ;:mooth. 
but on close inspec:lion one Call casily :-:ee that it had been 
covered by thick, rounded, mther strong ribR, It might be 
a very young individual belonging to the group of E '!:, 

Cla1'ki, 
From the next higher beds. the Eagle Ford shale~. which 

corre~ pond to the Turonian, very few fOJo;sils h8\'e been de· 
scribed in Texas. and among these onl,',' one E.l·o.rJ!fI ·/~ is 
cited under the name of E.]'. l'olllm/)elln Meek. This ill a 
r ather small fo rm with thin shell and covered by small, 
quite regular, radial ribR, which bifurcate at the umbonal 
ridge, It seems to be very posRible that this species is a 
branch of the E x . Clarki group, if it is not directly derived 
from E:l'. arictiJl(t through the so·called l!.',4:. CflIUIIlUCf(U 

Cragin, This may only he decided when larger collections 
in the Eagle Ford shales or t he uppe l' part of the Wood­
bine sands shall have been mmic. In Colurnuo a Im'ge 
species. E:1:, ,~lIbtJl'{,iclil//t(t Lam., occurs, which as Stanton 
justly remarks, is intimntely related to the European group 
of E:I'. columba, but this largel' form has not yet been found 
in Texas. 

A lw in the next higher formation, the Austin Chalk, very 
few EJ.'O(/!I!'aN are known, ulthough they C~ln be found in 
great numbers in it, The Austin Chall{ cOrl'espond:; in its 
lower part to the Emscherian, in its middle to the l ower 
Santonian, and in its upper part to the middle Santonian, 
I have not seen any ExoO?Jra in the lower part, Lut it is 

' Crag-in, IDe. cit., p, 184, 



[los!:'iLle that 1'.1'. /(( cr iIlM:U/I ( Roemer or n related form oc­
cur:; thCI·C. ;t:; it ce rtainly dllc~ in the middle portion . This 
\'I!ry chal'aderbUc form !:; entirely smoolh, but if t he 
younKer spcc: imen figured l.I.\' I!uemcr in PI. !J, fig. j(" really 
belongs to thi s specie;.;, we might !:'uppose that it i~ deriyed 
from g , .. no\". SJl. aft". plc.VIt through b'.c. C(u'llcflfll'i <Inc! 
£,,~'. c/!tuml)(!lf{~ Cragin (not Meek) having lost entirely the 
finer ribs, 

An undcgnibed and ull.<;tmliccl !:'mall H l 'OfJ!/1"a is very fre­
quent in the middic part of the Au.stin Chnll, (zone of 
ilfu/"t lllliCt' I'(/.'! l e,/wi/lln) on t.he Rio (;l'nnde. 

In the upper part of the Austin Chalk nea r Austin we 
find a great numher of a large E .i.'09ym which commonly 
has been called E x. pmHlc1"().'ia, although it is specifically 
quite different. It has a broad and not very convex lower 
valve, with a rounded ridge and an extremely steep .slope 
on the anterior margin, and is very similar to the larg€' 
specimens of L',t". Clm'ki and to a certain degree to E.t . mrwr­
·icmw. These speeie~ with very low r ight, valve~ proba.bly 
form an independent branch Hnd a re derived from Ex. tex­
ana. I have not seen any of this tribe in higher strata of 
Texas, but a near relative, Ex. tamul-ica 3tol., appears in 
the higher Senonian of India. 

The g.r()fI!Jr(l.s of the higher strata of Texas, the Taylor 
mar ls (upper Santonian), Navarro bedR (Gampanian) and 
the higher Escondido beds (Maestrichtian) arE: very little 
known, practically only two species having been dE:scribed: 
E.r, pundcroM Roem, from the Tay lor marl~ and Ex. costuta. 
Say from the Navarro bed';;, which !'leems to continue into 
the base of lhe highel' Escondido beds. 

E'.J"o{J!Jra Wmr!(U 'Oxn. has b~en first and very well described 
and figured by Roemer. ' In r ecent years it has been re­
described and figured by Stephenson." His figures arc 
vel'Y characteristic but unfor tunately he has not tried to 
describe and figure the development of the species f rom the 

' Rucmer. Kre iddJilt 1. v. T CA:.!:'. 1', 71. pl. n, f ig, ~. 

"I.. W. Stp"IWJl>\Oll, C rcL. dcf'. e ll t,l\' E a~t{' !'Jl Guli rcldon. U. S. 
Geol. Sm'v. P rof. Paper 81,1914, 1), 46, pl. l!l. fi g, !l-7; pI. 1<1; pI. 15, 
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younge~l to the mature individu<II~. RnemCl' mentioll s that 
specimens about 2.5 em. long ~ho\\' dh;tinct, unequal, l'lltUaJ 
folds which begin to grow indist inct near the margin of the 
vIIlvc. Stephenson's PI. 13, fig. 5 shows clearly this kin d 
of r ibs on the beak of a medium-sized specimen. If we 
imagine this beak detached from the valve and in the form 
of a young specimen, it would have exactly the shape and 
ornamentation of a young specimen of OUI" young E.1.'. Whit­
neyi from the Cerro de l\'Iul~ros. and be extremely similar 
to the young of Ex. a1-ietina and to the mature $pecimens 
of Ex. l)lexa. Stephenson (Ioc. cit. p. 49, pI. 15, fig. 4; pI. 
16, fig. 1, 2) has described a number of shells as Ex. ]Jon­
deJ'o.<';a, var. e1'1'atico::;tatu Steph. It will be rather difficult 
to sustain this variety because the figure of Roemer'R type 
shows very similar ribs and thus Hhou ld be part of this 
variety. 

E :t'. cOldata has been Quite fn~<lllently del;cribed and fig­
ured; recently Stephenson ' has vel'Y fu lly described the ma­
ture specimens and also has illustrated these profusely. 
Unfortunately also in this case we lack the exact knowledge 
of the ornnmentution of very young fl.peCimenf;. The spe('ie~ 
is possibly derived from 8.1'. FmdcJ'f/>;(I or at least from !\ 

form of wj1ich Ex. pon1lcI'{}I'{{ is a bl'allCh. but this cannot 
be proven at the pre8ent time. Specimens should be espe­
cially studied in the zone where E~; . ponde}'osa and E.l:. co:o:­
tata appear to occur togethel' and where the real antecessor 
of the latter species may be found . 

The preceding sketch of the evolution of E.' ·I1!/ !!I·U in the 
Texas Cretaceous necessar ily has to be deficient, incomplete 
and in a great part hypothetical, but at least it shows that 
all the specie:;, even the largest which are practically 
smooth, came originally from It rather Rmnll costate form; 
and th:lt the great diversity of form s in the llpper strahl is 
simply due to the subdivision of a tribe represented at the 
base uy forms that are intimately related to each other and 
at the same time to [:;:1:. Hnus!:Iin.llflu lt i of the Europelln 
Apti<m. It shows also that :-.ome of the large !'!pecies in the 

1 9t\!phcJl ~pn . !O<:. d t. ". :;0 pl. Hi. fil" .'-l, 4 ; p1. 17. fig. 1, :!j pI. l R: 
pl. HI. fi,l!'. 1-4.; p I. 20 .oi l;' 1. 
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higher horizons may not be intimately related, notwith­
standing the very similar shape, but rather be corivergent 
forms. 

A monograph of the Tex&s Cretaceous Exogyras would 
probably show a still much greater variety of forms which 
were derived from the same original tribe, and at the same 
time it would not at all be difficult to demonstrate that in 
Europe, Northern Africa and Asia quite a similar evolution 
has taken place. 
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DESCRIPTION OF SPECIES 

E. l·OfJHnt Ca !'l.lcclflci nov. sp. 

PI. I, fig. 7-13; PI. II , fig. 1-4; P I. III, fig. 1-8. 

Shell medium-sized, very thick, elongate to sub-oval, some­
what oblique up to the beak, which is spirally coiled down­
ward and outw~lrd. 

111/(',l'iol' 1:(l1 I'c . 

Shape ver~r variable, elOllgale to obliquely suboval up to 
the beak, st rongly convex, the highest part forming an 
outuse, curved, umbonul ridge wh ich follows approximately 
the middle li ne of the height of the shell, and which disap­
pears toward the inferior margin of the valve. The slope 
toward the anterior margin is sometimes much steeper than 
tow.ard the posterior side. 

Beak generally spirally twisted or coiled downward and 
outward; sometimes pressed against the body of the shell, 
sometimes almost entirely fl'ee in the shape of a ramshol'll. 
The beginning of the beak is never free, but always pressed 
against the shell, which shows that in the juvenile stage 
t he beak was not detached from the rest of the valve and 
that the development in the form of a ramshorn is the 
latest stage caused by the spi ral coiling of the valve during 
the later stages. The point of the beak often shows a scar, 
due to its hnving been attached to some small object, such as 
shells, etc. 

The ornamentation consist.." of about fifteen coarse long­
itlldinal ribs which on each of the slopes (anterior and 
po~terior) are nearly parHlle! on the upper half of the valve. 
The series on the nntel'ior side is not parallel to that on the 
posterior one, but forms an nngle of about 40 degrees. On 
the umbonHI ridge the tW(l series are united by an inter­
vening space covel'ed by interclllated , bifurcating ribs. The 
ribs on the <lllterior side form H wide angle with the axis 
of the umbonal ridge but on the last part of the beak they 
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become nearly pan.lUel to the ridge. The opposite Ride of 
the beak always appeal's to be entirely smooth, which prob­
ably is in part due to the state of preservation. The ribs 
arc crossed by lines of growth and by strong lamellae which 
give them a scaly aspect. The lines of growth and lamellae 
cover also the beak. 

The ligamental groove is generally spirally curved, deep, 
broad, triangular, vcry long to very short, according to the 
shape of the beak, limited O!l. both sides by a ridge. Below 
the groove on the posterior side is a shelf-like fold fi nely 
crenui:.lted, on the anterior side a similar one but rounded 
and less distinct. The shell I)uts ide of these ridges is also 
finely crenulated along the upper part of the animal cavity, 
the crer.~lati0!"! becoming very faint on the lower half until 
it disappears, entirely. The muscular impression is deep 
and very near the poster ior margin. The cavity often ex­
tends somewhat into the beak. 

Upper l:al1}e. 
Rather thick, ~lightly co'ovex to f lat, operculiform, sub­

ovate with a nearly flat gpiral t wi!o\t, the beak being near 
the margin. Seak very little prominent, nearly pressed 
down to the rest of the shell. Sometimes there if': a very 
obtuse, spirally curved umbonal ridge which dhmppears to­
ward the postero-inferior margin. On the posterior side 
right neur the beak is a distinct depression. 

On a well preserved specimen the ornumenbltion consiHt~ 
of numerous concentric growth lines and lamellae which 
cover the whole surface. The lamellae al'e not of circular 
form, but show an angular prolongation on the umbonal 
ridge. Where thi s is absent the lamellae follow a more or 
less elliptical course. F ine radiating ribs are vh;ible on the 
postero-superior part of the shell in the region d ose to the 
beak. The margins are disti nctly crenulated. 

The Iigamental groove is mostly broad Hnd flat, seldom 
narrow and deep; in the first case strongly spirally curved, 
in the second case much less so. In the firs t case, the lig­
amental groove is almost parallel to the superior margin; 
in the second case it nearly forms a right angle with it. 
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This Reemingly depend~ on the thicl<nes!'; of the vulve, To­
ward the intel' lor and po·sterior side of the groove, a :;triated 
protuberance elevate!-\ itself mOl'e 01' leRK highly ; it is oppo­
site the depression formed by the sh'inted shelf and cren­
ula ted margin of the lower va lve, and probably f its into it, 

The muscular impression is deep and near the posterior 
side, far below the region of the beak. 

Relation to other species: 
E x . Ca l'Uedgei has a certain similarity to Ex. a1-ietina, 

but it.'! strong ribs and large size make it easy to distinguish 
the two. It probably has baen derived from the same tribe, 
that of Ea:. 'plc;l'a, or a similar form, as has been explained 
in the first chapter of this paper. 
Occurrence: 

The species has been found very frequently in the Del 
Rio clay in a horizon about 10 to 30 feet below the Euda 
limestone. The Del Rio clay has at this place a thickness 
of 120 feet or more. It is associated with Nodosa'ria tex­
U?!U, which occurs in abundance above it, Cl'lIplutea sp., En­
nlla.<:tel' cf. b·/'a /} ()e1l.sis , and H emiasteJ' ~p. According to 
Dr. Udden, ExoY?lra (1I'ietiua is rare at thh:; locality but 
\\'as noted at a level not far f rom the middle height of the 
Del Rio claro 

LocaUty: 
Reed Plateau, point almost exactly one mile south from the 

Chism; Mining Company's mine, in Brewster County, Texa~. 

E~'ogY1'a a·/'ictina Roemer 

PI. IV, fig. 1-18; PI. V, fig. 1-23. 

I f.' ;;~ . Ft,·d . !:o('mc!'. n·,· g" (';(leld l(~I!II!/lJll ,'1ll1 TC.tl:.~ w ,d fI"·,, (/1' _ 

f/fllli,..r/,(/l r: i!I~, ·hlii~sf'. Hunn. P. (lS, PI. R, ;i:::, 10. 

Roemer's oeRcription of thi~ species is very careful and 
hig illustrat ions are quite good, but figures of t he juvenile 
stages of the species a re lacki ng, as these were not given 
overmuch importance by the paleontologi sts of that time. 
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Rocmel' remarks that the tiurf~\ce of t he lower valve in 
t he I'ci.rion of the beak i~ covered by delicate lungitudinal 
s triae interrupted by the lamellae of growth and which gen­
erally can be 1'\een only in the morc juveni le Rpedmell~, Ih!: 
region of the beak being more or less corroded in the iarr.:el' 
individuals. 

A study of well pre!:ier vcd spet::imens of E.-t', (/)'ietilll ; t)f 
different ages shows at once that Roemer is ab~otute ly ('01'­

red in his description, but ,lisa thnt the develo pment of the 
species shows three clearly mal'ked stages. 

Leaving aside the protoconch which is of the size of about 
a common pinheud, the first stage of development (PI. V, 
fig. 7-10) has the following chamcter : In shells up to 
about 3 mrn. in length, the surfac~ does not show a trace of 
ribs, even where not the sli ghtest corrosion has Laken place; 
it is only covered by rounded, concen tri c, relati vely broad 
and not ver}' distinct folds and the growth lines. At this 
size, the posterior side of the shell is distinctly flat with the 
beak pressed against the rest of the valve; only the very 
fi rst part of the beak in a length of 0.5 to 1.0 mm. elevates 
itself a little above the surface of t he shell. The umbonal 
ri dge is relatively sha rp :.md high and reaches from the 
beak to the postero-infer ior ma rgin. The anterior side 
forms an angle of about 50 (Iegrees with the posterior side, 
and is rounded in height as well as in width. This angle 
between the two sides cause" the prominent umbonal ridge. 
The outli ne of the valve is triangular-suboval at thi s stage. 

The second stage is repre~ented by specimens of a length 
of about 10 mm. or a little more (PI. V, fig. 11-16) . I n 
these individuals t.he shell of the first part of the beak, up 
to about 3 mm. from its point, is of COU I'se f.lmooth, but on 
the next wrinkles of growth, fine radial l'ihf.l appear sud­
denly in the number of about 30 to 35. They are very dis­
tinct on the anterior side. th~ umbonal ridge, and the greater 
part of the posterior side, bu t become indistinct in this lat ­
te r l"egion on the surface near the end of the beak. The 
rib .. reach highe r on the anterior than on the poster ior side, 
and pass obliquely over the umbonal ridge. The lamellae 
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of growth begin to develop, interrupting the ribs and im­
parting to them the aspect of roof tiles. 

The umbonal ridge is as prominent as in the preceding 
stage at least in the umbonal region, but toward the post­
ero-inferior region it becomes rounded and less distinct. 

The shape of the shell begins to change. It has no longer 
the triangular form but begim> to coil spirally. In connec­
tion with thi~ circum!'!tance the growth lines Hnd lamellae 
no longer form a 11crfect elliptical curve, but begin to show 
in their COtll'Re n distinct protuberance or tongue-like pro­
long-ation on th0. umbonnl ridge. 

The next ~tllge n~pl'esents the beginning of the mature 
development (PI. I V. fig. 10-15; PI. V, f ig . 1-3). The ribs 
disa ppear about as suddenly liS they began, the shell becomes 
:::mooth llnd i::: only covered by line~ of growth anrl lnmcllac 
which appear more distinct the more the shell grows. They 
no longer form H simple cun:e, but are rather wav.v, e:::pecial­
Ir on the posterior ::: ic1e and a litue less on the anterior :;irle, 
showing a pronounceri tongue-like prolongation or protu­
bcr:lIll'e ill their outline on tlle umbonnl ridge. The wnvy 
appea rance of the lamelhle on hoth :::ides correspond::: to the 
development of shallow fl1l'l'oWI'; (PI. V, fig. 4, 17), one more 
distinct on the anterior s ide and one genernlly less so 011 

the postel'iol' ::;ide. 
The ~hape of the shell now changes very rapidly, coili n ~ 

spirall y so that the umbonal region becomes tw isted and de­
tached from the rest of the v<live. 

Exceptionally it cnn be observed that very fnint and some­
what irregu lar longitudinal I'ihs appeal' ngain on larg~1' 
shells up to a di!o\tance of about ~5 mm. from the beak, 
measured along the umbonal ri(lge (PI. V, fig. 17). 

In the last s/;<I.'{e of rn:ltul'e specimens the shell att.Ains its 
characteri:::tic :::hape similar to a ramshol'l1, as described by 
Roemel' (PI. IV, fig. 1-9, 16-18; PI. V, 4-6, 17). 

The opercular Ulmer shell does not change essentially 
(PI. IV, fig. 4; PI. V, fig. le, 18-23) . It appears to have 
the same charncter from the size of about 2 mm. to the 
largest mature forms with a length of 25 mm. and more. The 
valve is sometimes nearly flat, always with a rather deep 
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depression on the poster iol' side near the spirally coiled 
beak, the point of which is pressed down against the sur· 
face of the shell. Sometimes this valve is entirely oval, 
especiall y in immature indi viduals; in other specimens it is 
disti nctly spi rall y coiled, developing a relatively high urn · 
bonal ridge. 

The ornamentation of the su rface consists only of spiral 
lines of growth and lamellae. Only the superior margin 
of the umbonal region is finely crenulated. Trace;.; of fine 
crenulation show sometimes on t he infer ior mnrgin. 

The interior of the lower valve does not change mater. 
ially from the immature stage to the well developed spec­
imen. The ligamental groove is a lways very narrow and 
deep, spirally coiled, and fo llows the superior margin. A 
faintly crenulated r idge is below it, the margin on the upper 
half of the c<tvity being always sligh tly crenlllatcd. 

The cavity continuel5 into the beak , more or iel5s. 
The muscular imprcs:.;ion is. nelli' the po.<;te rior side and 

close to the regio n of the bell lc 
The interior of the upper vnlve does not change materially 

frum the immature sbl,{e~ it' the fi nal develonment of the: 
species. The ligamental grouve is ve ry long. \'ery narrow 
and ueep. spirally coi led, follows the s upe ri or margi n of the 
valve, and obliquely crORses the ;;piral I:lmcllae of growth. 
The space lJdween the gTOO\'e and the superior margin is 
finely cl'enu lated. 

The muscu lar impress ion is strong and exactly under the 
11mbo, as has already been observed by Roemer. 

OCC/lI"J"~ IIl"e : 

Del Rio day. 

L Ol.:nlif!l of the NpeCi"llWII8 .<; tllrlied: 
Shoal Creek, Austin, Texas. 



EXPLANATIONS OF PLATES 

PLATE I 

Fig. 1, 2 ... Exogym weathCl"fOJ ·dellid.~ Cragin.-Glenro:>e 
formation. One-fQurth of a mile west of 
Weatherford , Pa rker County, Texas, Page 5 

Fig. 3, 4 ... EXOfflfl"(t. pieHl Cragin.-From bed with E .i.'f)­

gym te.rewa below the ]{ i<lm i t;"~ cI,lY:; , 
Texas and Pacific Railway, three mih$ \\',.,~t 

of Benul'oo]{, Tarrant County, Texas . Page 8 

Fig. 5 ...... E:wyyra nov. ::;p. a ff. })le.J'(~ Crag. F rom bed 
with E,ro!I!J)'(I te:ralla below the Kiamitia 
cl<lY . .,. Texu!'; and Pacific Railway. thr~e 

miles west of Benbrook, Tarrant County 
. ................ . . . . ...... . ... Page !5 

Fig. 6 .... . E :rnyym gpo aff. pre,l'a Crag.-Kiamit ia C: ',IY. 
Little Mineral Creei{, north of Pottsboro, 
Grayson County. Texas. 

Fig. 7-1:1 ... E xogyra Ca'rtlcd{Jci nov. sp.-Del Rio clay. 
Reed Plateau, about one mile from the 
Chi:lOS Mining Company's mine in ~~n:w:,,:tcr 

County, 'Texas ... " ..... " ..... " .. Page 17 

Fig. 7-!\ 11 -] :::, beaks of the lower shell f\howing thE:' dif­
feren t stages of development. Fig. 10, Lig­
ament.'ll g roove of a la rge and slender speci · 
men. 
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PLATE II 

Fig. 1-4 ... E xogllm Ca1·tledgei nov. sp.-Del Rio clay. 
Reed Plateau, about one mile south from the 
Chisos Mining Company's mine, in Brewster 
County. Texas ........... . . . ... . . Page 11 

Fig. 1 .. large slender shell, lower valve. 
Fig. 2 .. inside of same. 
Fig. 3 . . broad adult shell with coiled be.uk. 
Fig. 4 .. inside of same. 
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PLATE III 

Fig. \·8 . . e xogy/"u Cc(.1·tlc<lgei nov. gp.-Del Rio clay. Reed 
Plateau about one mile from the Chisos Min· 

ing Company's mine, in Brewster County. 
Texas . . . . .. ... . . .............. Page 17 

Fig. 1 .. upper valve. 
Fig. 2 .. inside of the same. 
Fig. 3,6,7 .. surface of upper valves. 
Fig. 4, 8 . . inside of upper valves. 
Fig. 5 .. inside of lower valve showing a strongly 

curved beak and a corresponding ligament:ll 
groove. 
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PLAn; IV 

FilX. 1 -1~ ... 1!.;.I·IJfI!/I·{1 ((l'idiu{I Rnerner.-DeJ Rio cla :,'. 
Shoal Crt'ek, li t AlI:<lin. TexH~ .. . .. P age 17 

Fig. .1-:.':' .ndli it lIonmtl ~ Iwdrnell shown in 
three p\J~itit)n s . 

Fig. 4-6 .. adu lt normal ~Jlecimen shown in 
t hree po~ition~ . 

Fig. 7-!J . . adult llormal specimen shown :n 
three Vo::; itions. 

Fig. 10-1 2 .. yuung lIormal s peci men shown in 
three 11usitions. 

Fig. 16-18 .. adoles..:ent stage shown in three 
pw;itions. 
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PLATE V 

Fig. 1-23 ... Exogyra arietina Roemer.-Del Rio claro 
Shoal Creek at Austin, Texas. 

Fig. 1-3 .. young normal specimen shown in 
three positions. 

Fig. 4 .... young individual showing a strong 
spi ral groove. 

Fig. 5 .... aberrant adult specimen with ex­
c£ptionnlly coiled beak. 

Fig. 6 .... aberrant adult specimen wit h 
st rongly coiled beak. 

Fig. 7 .... very young specimen, natural s ize. 
Fig. 8 .... the same, strongly amplified, show-

ing a smooth surface on the 
greater part of the shell, ribs 
beginning to appear at the mar­
gin. 

Fig. 9 .... very young specimen, natural size. 
Fig. 10 .. . . the same, strongly amplified, show-

ing the smooth surface of the 
shell at this stage of develop­
ment. 

Fig. 11 .... very young specimen, natural size. 
Fig. 12, 13. the same, strongly amplified to 

show the ornamentation. The 
shell is smooth ' on the point of 
the beak, and develops radial 
ribs fa r ther down. 

Fig. 14 .... very young specimen, natural size. 
Fig. 15,16. the same, st rongly amplified to 

show the ornamentation. The 
~hell is smooth on the point of 
the be:1k. and develops radical 
ribs farther do\\'n. 

Fig. 17 ... . adult specimen twice amplified to 
show the ornamentation on the 
point of the beak, and its simi­
larity with that of the small in­
dividuals illustrated in fig. 11-
16. 

F ig. 18-23. upper valves of small specimens. 
The slit apparently limi ting the 
umbo in figure] 9 is due to frac­
turing and is not natural. 
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