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INTRODUCTION. 

The collections obtained from the Secondary rocks of Cutch by Wynne, FedJen, 

Stoliczka and Blanford, included a relatively rich assemblage of lamellibranchs, 
which, in a dditi on to the brachiopods already dealt with/ have been entrusted.to me 
for description . The lamellibranchs, although less numerous than the brachiopods 
so far as individuals are concerned, comprise, as might be expected, a considerably 
greater number of genera. Prominent amongst these is the genus Trigonia, whose 
representatives have seemed to me to be sufficiently numerous and important to call 

for separate treatment . They have therefore been selected to form the subject of 
the present instalment of this m?nograph. 

The Brachiopoda of Cutch, with the. exception of a single form, come from the. 
upper beds of the Putchum group and from the Charee group. The lamellibranchs 
are found in the same strata, but many, in addition to these, were obtained in beds 
of the Oomia group. With regard to the age of these groups, the most detailed results 
obtained are those published by "''''aagen� based on a study of the· Cephalopoda. 
8toliczka and Waagen correlated the Putchum strata with the European bathonian; 
the Charee group was .considered to be callovian in its lower part, while its upper 
beds were regarded as oxfordian. The succeeding Katrol group yielded ammonites 
having kimlueridgian affinities. Among the ammonites of the overlying mari�e 
Oomia strata, stated to have been obtained from the lower part of the group, two 
were identified with European portlandian forms and two with tithonian shells from 
�.ou thern Europe. The correlation was set forth by Waagen in tabular· form in his 

1 F. L. Kitchin. The Jurassic Fauna of Cutch. The Brachiopoda. Palmont. Indica, Sere IX, Vol. Ill, Part 1 
(1900). 
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2 JURASSIC FAUNA OF CUTCR. 

monograph,l and was reproduced in the" .Manual of the Geology of India," 2 and 
more recently by Prof. Gregory 3 in the introduction to his work on the jurassic 
corals of Cutch. 

Apart from the detailed correlation of the Cutch series established by Stoliczka 
and Waagen, the facies of the lower groups offer no 'special difficulties when' their 
general aspect is considered. It is otherwise with regard to the Oomia group; the 
animals and plants in these higher strata have given rise to some controversy con­
cerning the age of the series. Feistmantel 4 insisted on the lower oolitic tacies of 
the plants, and spoke of the " palreontological contradiction ". furnished by the animal 
and plant remains. Blanford 5 pointed out that these beds con taining a lowe r oolitic 
flora are m ore recent than the strata which have yielded portlandian and tithonian 
cephalopods. He concluded "that the comparison of the remains of plants leads in 
this case to results, as regards geological age, which are not accurate, and other iden­
tifications on similar data must bA received with great caution . " 

}'eistmantel 6 sought to show that an extended scrutiny of the animal remains 
would furnish support for the lower oolitic age of these Oomia strata. He adduced 
the evidence of certain Mollusca in support of his case, and drew attention to the 

points of agreement with the molluscan fauna of the Uitenhage series in South 
Africa. In a later paper, Dr. Blanford 7 criticised the value of this evidence. He 
stated that the Tr-igonim strongly confirm Waagen's view as to the upper jurassic 
affinities of the Oomia fauna, and suggested that the upper part of the group, yield­

ing the plants, may even be of wealden or neocomian age. 
It is true that close palreontologicallinks appear to exist between the molluscan 

fauna' of the Oomia group and the U itenbage ser�es. Since the fauna yielded by the 
latter strata has also been matter for dispute, and has been variously referred to a 
jurassic and a lower cretaceous age, this agreement does not help us. The Uiten- . 
hage fauna seems to offer difficulties as great as those presented by the Oomia assem­
blage. While Bain,8 Sharpe,9 and Tale]O favoured a jurassic age, as that most· clearly 
indicated by the fauna, Krauss 11 believed these U itenhage fossils to be lower creta­
ceous. M.ore recently, N eumayr 12.emphatically declared his opinion to he in favour 

1 W. WBagen . Tbe Jurassic Fauna of Cutch. The Cephalopoda. Palreont. Indica, Sere IX, Vol. I (1873). 
2 H. B. Medlicott and W. T. Blanford. Manual of the Geology of India, Part 1, p. 253 (1879) : second 

edition, revised by R. D. Oldham, p. 217 (189S). 
IJ. W. Gregory. The Jurassic Fauna of Cutch. The Corals. PBlreont. Indica, Sere IX, Vol. II, Part 1 

(1900) . 
.. O. Feistmantel. Notes on the Age of some Fossil Floras in India. Ree. Geol. Sun. Ind., Vol. IX, Part 2, 

p. 28 (1876). 
5 Rec. Geol. Surv. Ind., Vol. IX, Part S, p. 82 (1876). 
6 Rec. Geol. Surv. Ind., Vol. IX, Part 4, p. 115 (1876). 
7 Ree. Geol. Surv. Ind., Vol. XI, Part 1, p. 104 (1878). 
8 A. G. Bain. On the Geology of South Africa. Trans. Geol. Soc. Lond., Ser. 2, Vol. VII, .Ptrl 4, p. 176 

(1856). 
'D. Sharpe. Description of Fossils from the Secondary Rocks of Sunday River, etc. Did., p. 193. 

10 R. Tate. On some Secondary Fossils from South Africa. Quart. Journ. Geol Soc., Vol. XXIII, p. Ui9 
(1867). 

U F. Krauss. Ueber einige Petrefacten aus' der unteren Kriede des Caplandes. Nova Acta Acad. CIN. Loop.-Caro!. 
nat. our., Vol. XXII, Part 2 (Bnn, 1850). 

"E. Holub und M. Neumayr. Ueber einige Fossilien aus del' Uitenhage-Fofmation in Sud-Africa. Denk80hr. 
k. Akad. Wiss., Math.-Nat. Classe. Bd, 44, p. '67 (Wien, 1882)· 
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of a cretaceous age. A puzzling intermin gling of types appearS'to render difficult 
a satisf�ctory solution-of this question, which the stratigraphical work of Stow 1 did not 
dispose of. Lycett 2 considered some of the Uitenhage Trigonim to be of decidedly 
cretaceous aspect, and to afford strong evidence as to the character of the seri�s. He 
at the same time admitted the jurassic aspect of sortle of the Mollusca, which hQ 
thought " to indicate that ·the juras8ic faoies did not" disappear suddenl, and entirely 
with the close of the jurassic period, but was in some instances continued partially 
into the molluscan fauna of the lower portion of the cretaceous rocks . " 

A somewhat analogous intermingling of molluscan types appears to occur in the 
Oomia group, and it is sufficiently evident in the association of Trigonice alone. 

Though none are identical with European forms, one, Trigonia ventrico8a, Krauss. 
which is common also in the U itenhage beds, is a representative of an essentially­
cretaceous section of the Trigonice; moreover, it bears a very strong resemblance to 
the cretaceous T. tuberculijera, described by Stoliczka 3 from Southern India. There 
are other Trigonim occurring with T. ventr-icosa which likewise bear a cretaceous 
aspect; one of these is referable to the same section of the genus as T. ventr�o8a, 
while the other may be classed with the Pseudo-quadratoo, a small group exhibiting 
characters which are usually ·associated with a cretaceous facies. These occutrences 
must be cautiously interpreted, in view of the fact that TrigoniaJ which represent 
the true Costatre are also found in Oomia strata, one of them ac�ompanying 
T. ventricosa. 

It seems most probable that in the Oomia Mollusca we are dealing with a pas­
sage fauna which, while retaining a partially jurassic aspect, was characterised also 
by the presence of types which marked the incoming of a true cretaceous facies. 
It is not improbable that such an intermingled fauna may have Ii ved in this region 
at a t�me when wealden strata were being deposited in Europe. Such an opinion as 
this was expressed by Stoliczka on his return from work among the rocks of the 
Cutch series.4 

Since the Oomia group constitutes the upper portion of a continuous series,and 
furnishes strong links with a facies of jurassic aspect, the description of its lamel�i­
branch- fauna may reasonably be considered to fall within the scope of the present 
work. The Mollusca of these upper beds may with advantage be studied in connec­
tion with those of the underlying Putchum and Charee strata, though they may 
possibly have lived at a time somewhat later than that during which the highest 
jura ssic rocks of Europe were laid down. 

With the exception of . T. Smeei, J. de C. Sowerby, and T. ventricosa, Krauss, 
from the Oomia group, the Trigonim of Cutch cannot be identified with forms 
already described. It is amongst the Costatre that the closest approximation to 

1 G. W. Stow. On some points in South African Geology, Pa.rt 1. Qua.rt. Journ. Geol. Soc., Vol. XXVII, 
p. 497 (1871). . . '  

:I J. Lycett. Mon. Brit. FOls. Trigonim, p. 230 (Palreontographical Society, 1879). 

3 F. stoliozka. eret . Fauna of Southern India; Vol. Ill, the Pelecypoda, p. 315, PL XV, fig •• 10-12 

(1871). 

4W. T. Blanford. Rec. Gaol. Surv. Ind., Vol. IX, Part 3,p. 81 (1876). 

Bi 
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European representatives of the genus is met with; and although a £areful examina­
tion fails to establish identity with these, the general resemblance is in oneo� two 
cases strong. The Trigoni(JJ of this well-characterised section offer considerable 
difficulties when viewed from a classificatory stand point. Even though we confine 
our attention to the occurrences within a relatively restricted area, it is at times no 
easy task to estimate aright the value of those differences of form and sculpture 
which have been interpreted to represent specific distinctions. When the differences 
are slight, the validity of unions and separations may often be ·questioned, and a 
decision in these cases becomes frequently a mere matter of personal judgment. In 

some cases, the examination of very numerous specimens can alone rend�r possible 
the discrimination between characters due to individual variation and those which 
are fixed, be they either features pertaining to true speci�s, or those which mar}i 
varietal or local forms. It need scarcely be remarked that the" specific" separations 
carried out among t1e Costatre of Europe, even by such a competent authority as 
Lycett, are in some cases open to criticism. 

. 

P nder these circumstances it is easy to realise the difficulties which accompany 
the attempt to satisfactorily deal with newly discovered or newly described members 
of this'section. Reliable data whereby their true narI'ower relationships might be 
revealed are as a rule absent. In the following pages, in those few instances where 
doubt might arise as to the advisability of employing a varietal name, referred to an 
already described" species," or a new specific name, I have felt little hesitat.ion in 
adopting the latter course, since this appears to meet the case most satisfactorily. 

To ascribe a varietal value to fossil shells is ofteQ a hazardous proceeding, and 
can only be justified by special evidence, carefully weighed. It is not too much to 
say that in numerous instances the employment of "varietal " names has lacked the 
justification of evidence, has fulfilled no requirement of expediency, and has merely 
resulted in cumbersome additions to nomenclature; and this, too, when the respective 
forms have not been widely separated, chronologically or geographically . 

'rIle close relationship implied by the use of a varietal name is scarcely capable' 
of definite proof in the case of fosH�l shells, and it may therefore only be justifiably 
assumed to exist when the probabilities in its favour appear very high. As I have 
remarked in reference to the naming of fossil BrachiopOda, in cases of doubt, the use 
Of a specific name, while fulfilling the requirements of convenience, leaves the 
question of relationship open: the use of a varietal name, on the other hand, commits. 
us to the opini6n that very close r�lationship exists. These considerations will apply 
more forcibly when the newly described form and the "species" to which it is 
sought to ascribe it, are remotely separated in their habitat. 

The marked tenden·cy, so evident during recent years, to inordinately add to the 
number of specific and generic designations among fossil molluscs and brachio­
pods is from some points of view regrettable. It has dOl�btless often been carried 
to excess, owing to an imperfect realisation of the part played by individual variation, 
and also in many instances to the lack of that abundant matcrhtl which alone could 
render possible the recognition of such variation. On the other hand, �vidence is 
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lJeing accumulated which shows clearly that close affinity is not necessarily indicated 
by close similarity of form and nrnamentation. It is probable that homreomorphy 
in the shells of molluscs or brachiopods is in exceedingly few cases so complete that 

no constant distinctive features are apparent to a trained observer; nevertheless, the 
well authenticated examples of homreomorphy already known , espelilally among the 

B rachiopoda,I are sufficiently striking, and may serve as a warning. It is advisable 
. to proceed with increasing caution when dealing with a newly discovered or newly 

described form, especially when this is associated with a faunal facies which differs 
markedly from that with w hich the approximating type occurs. Several examples 
of incautious and misleading identifications could be cited from amongst the Cutch 

fossil�, and in some cases these errors have been committed thTough failure to recog­
nise homceomorphy. In dealing with a fauna such as that with which we are now 
concerned, the attempt to establish close relationship between its . members and the 
described forms from other regions, which they are thought to resemble, may be too 
zealously pursued. 

It may perhaps be allowed that the above considerations lend some �anction to 

the course I have followed in making free use of new specifie names, both for the 
})J:achiopods already descriped, and for the lamellibranchs dealt with in the.following 

pages. The use of such names constitutes n? barrier to the comparison of the fauna 
with those of other regions, either collectively or in detail. To attempt to conduct 
such a comparison too closely leads often to very misleading results. When 

comparing the molluscan faunas of remotely 'separated regions, more valuable conclu­
sions are always to be obtained by considering either groups of forms or the 'Lroader 
facies of the faunas. 

The lamellibranchs of the Charee group, like the brachiopods, are of essentially 
jurassic aspect . Two of �he costate T1"'igonifX were r�ferred by J. de C. Sowerby 2 
to Trigonia pullus, Sow., and T. costata, Sow. The shell ascribed to T. pullus 

appears to be a young specimen of one of the larger costate forms, 'and is quite 
unfitted for a definite determination. The S3me two names appear in a list of Cutch 
fossils det.ermined by Stoliczka,3 but it is uncertain t.o which of the Charee forms he 
referred. In Wynne's memoir 4 the names T. costata and T. interldJvigata occur 
in a list of fossils from the lower Charee strata of Keera. It is not possible to say 
which of the Keera Trigonim was here identified wit.h T. interl(£vigata, and there is 
room for d oubt as to what was meant by " T. costata." 

It is also impossible to say which of three distinct OOIDia Trigoni(£ was .spoken 
of as "a Trigonia near Trigonia vau, Sharpe."6 One of these was later referred to T. 

vau,6 but a careful examination of these shells casts doubt upon a close relat.ionship. 

IS. 8. Buckman. The Bajoeianofthe Mid-Cotteswolds. Quart.·Journ. Geol. Soc., Vol. LI, p. 388 (18U5); 
Homreomorphy among Jurassic Brachiopoda. Proc. Cotteswold Nat. Field Club, Vol. XIII, Part 4, p. �31 (1901). 

2 In Capt. C. W. Grant's "Memoir to il lustrate a geological map of Cutch. " Trans. Geol. Soc. Lond., Ser. 2, 
Vol. V, Pt. 2, p. 328 (184Q). 

I W. '1'. Blanford. On the Geology of a portion of Cut�h. Mem. Geol. Surv. Ind., \"01. VI, Pt I, p 20 (1867). 
• A. B. Wynne. Memoir on the Geology of Kutch, p. 212. M�m. Geol. Snrv. Ind., Vol. IX (1872). 

• O. Feistmalltel. Ree. Geol. Surv. Ind., Vol. IX, Pt. 4, p. 116 (IR76). 
, H. B. Medli�t and W. T. Blanford. Manual of the Geology of India, Pt. T, p. xxxviii (1879j. 
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An observation made by Waagen 1 that in the Oomia group " T'I'igoni(JJ' of the 
type of T. gibbosa are common, " is shown on careful scrutiny to lack somewhat 
in significance. It is not quite certain to which of the Trigoni(J!' he referred, though 
it is probably the one below described undel' the name T. spissicostata. It has been 
stated that a common occurrence in the Oomia group is a Prigonia allied to'T. clavel­
lata.2 No fossil answering this description is included amon g those submitted to mp, 
and no T'I'igonia, so far as I am aware, has been fou�d' in Cutch which closely 
resembles T. clavellata·. It is possible that this determination was madefromimper­
feet specimens of a representative of the Pseudo-quadratre, whose flank ornamenta­
tion bears some general resemblance to that of certain members of the section 
Clavellatre . 

While preparing this account of the Cntch Trigonice, I h;;tve been enahled to' 
make a careful study of the rich Lycett collection of British TrigfJniaJ in the Museum 
of Practical Geology, which contains many figured types. The African and Indian 
T'I'igonice in the collection of the Geological Society have also proved of great value' 
for purposes of comparison. Dr. Henry Woodward has very kindly offered me every 
facility for study at the British Museum (Natural History), where I have been 
enabled to �amine the abundant material, both British . and foreign, contained in 
that collection. Thanks are due also to Dr. Woodward for providing storage space 
for a part of the collectiO'ns. I am much indebted to the Rev. J. F. Blake, who, 
most kindly allowed me to examine the Trigonice collected by him in Cutch, and 
furnished me with information regarding thorn: also to ��r. J. F. Walker of York, 
who permitted me to study the . Trigon,ice in his private collection. Thanks are 
due to Prof. von Zittel of Munich, who kindly allotted storage space for the collec­
tions for sonle' time after they passed into my hands. I have also to exprAss my 
indebtedness to' Miss G. M. Woodward for the care 'sbe has bestowed on the work of 

illustration. 

DES,CRIPTIONSg 

Genus: TRIGONIA, Bruguiere, 1789 .. 

(ENCYCL. METR., VERSo Vol. I, p. XIV.) 

Much attention has been devoted to the study of fossil Trigonit:e; which have 
already fO'rmed the subject of several monographs. The genus occupies a naturally 
eonspicuous position among the 1amellibranchs, and owes its prominence to the 
number and abundance of its representatives in the mesozoic rocks, no less' than to 
the very varied fornl and frequently high specialisation of its shell ornaments. It 

1 W. Waagen. The Jurassic Fauna of C'utch. The Cephalopoda, p. 233. Pal. Indica, Sere IX, Vol. I (1875). 
S H. B. Medlicott and W. T. Blanford. Manual of the Geology ot India,. Pt.1, p. 262 (1879) ; and �ni 

�itjo� revised by R. D. Oldham,. p. 225 (1893). 



TRIGONIA. 'I 

will here be only necessary to refer to the views of previous writers on the subject 
and to the ' schemes of classification propos�d by them, in so far as these bear on the 
apparent affinities of the forms about to be described, and the arrangement adopted 
in the following pages. 

In the j urassic rocks of Europe, the abr upt appearance of members of this genus 
possessing an already high specialisation is not less remarkable than the manner in 
which these differ from one another and lend themselves to arrangement ·into more 
o r. less constant and . well-defined groups. Agassiz 1 was thus led to group the' 
" species " with which he was acquainted into eight sections, which he referred to 
as "sections.ou groupes naturels qui contribueront a faciliter la determination des 
especes, en les rapprochant d'apres leurs affinites naturelles." This praiseworthy 
attempt to bring into convenient order tlie varied' assemblage of forms presented by 
this genus, was admirably conceived, considering the limits of the material at the, 
'disposal of its originator. It has been the work of s ubseq uent investigators, while 
basing their "lassifi�ation for the most part upon that of A

'
gas siz, to introduce such 

modifications of grouping as have Appeared from time to time expedient. These 
ch�nges have been demanded by an extended knowled ge of the genus as it occurs 
both in Europe and in widely distant continents, and by the discovery of forms which 
exhibit characters plainly intermediate between those of the main divisions first 

proposed . 

The eight sections proposed by .Agassiz were adopte.d by Pictet, 2 who remarked 
that the limits between the sections cannot always be precisely fixed. Stoliczka 3 

considered the grouping of Agassiz to be merely an arrangement of convenience, and 
drew attention to transitional forms as' follows: " The transitions fron;t one group 
to another are so gradual and varied that no strictly classificatory value can be 
attached to these, at leqst hardly equivalent to what may be called s ub-genera. 
There also appear to be too many subdivisions; they could be with advantage 
red uced to five or six, and would thus admit of a better definition. " He proposed 

to adopt ,six sections only,. and extended the scope of the Scaphoidere to include the 

Clavellatre and Scabrre. 
In his well-known and comprehensive monograph, Lycett 4 adhered in the main 

to the scheme proposed by Agassiz, modifying somewhat the diagnoses of some sec­
tions and adding to these a new one, the Byssiferre. In h,is introductory remarks, 
Lyc�tt observes. regarding the classification he adopts, " an attentive examin�tion 
will, it is believed, exhibit fully the natural affinity of the various species comprising 
these separate groups or seetions, ." In his" concluding synopticalobser­
vations " the same author emphasises the existence of forms exhibiting departures 
from the more usual sum of characters of the respeotive sections in which they mat 

1 L. Aga.ssiz. Etudes critiques sur les Mollusques Fossiles. Memoire sur les Trigonies. Neuchltel, 1840. 
2 Pictet et'Campiche. Descr. Fos8. Terr. Cret. Env. Sa.inte-Croix. 3e Partie, p. 359 (1866). Mater. Pal. S\1iS8e. 

4. Series. 
l! F. Stoliozka. Cretaceous Fauna of Southern India. Vol. III, the Pelecypoda, p. 810 (PallBOnt. Indica, 1811) • 

.. J. Lycett. A Monograph of the British Fossil Trigonim. �Palmontographical Society, 1872-1883.) 
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be classed; and shows that the boundary even between the Clavella1re and the Glahrre 
is not always sharp; further, that the· presence of forms showing a certain inter­
mediate character renders at times the separation of the Clavellatre from the' 
Scaphoidere, and the former from the Undulatre, a matter of some difficulty. A 
point of considerable interest in Lycett's classification was the inclusion of T� dupU­
cata, Sow., and its allies in the section of the Scaphoidere . Although the sectional 
diagnosis .given by Lycett him�el.f is not strictly in accord with this arrangement, the 

. extension of the sectional limits to include such divergent forms as T. recticosta, 
Lycett, and T. navis, Lam., now appears to receive support from evidence which was 
at that time not forthcoming. 

Lycett concluded that the Costatre possess without doubt the most strongly 
defined sectional characters, b ut admitted that even in this section certain features 
may at times become modified or obscure. vVith perfect right he refrained from sub­
dividing the genus even into groups of sub-generic value, and relied upon the con­
stancyof the hinge and other internal characters as indications of a uniity which fails 
to warrant such a mode of treatment. 

Taking a still broader view, d'Orbigny 1 had previously arranged the fossil Tn­
gonite into two sections only, adopting the n ames Costatoo and Clavellatre of Agassiz., 
the former of which was extended to include the Glabrre. There can be little doubt 
that the memb ers of the sections Costatre and Clavellatre as thus expanded, are 
separated by a, gap more complete than that dividing any two of Agassiz' divisions 
comprised by d'Orbigny under the name Clavellatre, a fact which was probably 
recognised by Bayle,2 who accordingly made usc of the two generic names Lyrodon 

and Myophorella. Such a complete separation as this, however, a�pears in the light 
of extended knowledge to lack justification ; and it seems inexpedient, moreover, to 
revive the use of the name Lyridon, originally proposed by Sowerbya to supplant the 

long�established nanle T1'igonia. 
Subsequent reseul'ches during the last two decades have furnished interesting 

facts bearing on the relative value of the sectional divisions m.ost usually adopted for 
the fossil forms. A study of the jurassic Trigonite of Portugal suggested to 

Chofl'at " the necessity of several modifications in the classification. Of particular 
interest are the observations of this author on the passage forms between T. muricata, . 
Goldf., ascribed to the Clavellatoo, and T."lusitanica, Sharpe, a form of more doubtful 
character which was placed by Pictet in the Quadratoo, and by Lycett in the Scabrre� 
Choffat places it under the Undulatre in the " sub-group of T. lusitanica." From 
the examination of very abundant material he concluded that the Clavellatre and 

U ndulatre should be united into one group in which the escutcheon may not neces­
sarily be w ithout ornamentation, thus disposing of Lycett 's hard-and-fast rule 

1 Paleontologie Fran«aise. Terr. Cret. Lamellibr., p. 129 (1843). 
2 Explic. de la carte geol. de la France, Vol. IV, Part 1, PIs. CXIX, CXX (1878). 
3 J. de C. Sowerby. Min. Conch., Vol. V, p. 40 (1823). The name was not actually adopted by Sowerby; Bronu· 

used. Lyriodon, Goldfuss Lyrodon. 
4 P. Choffat. Descript. de la Faune Jurass. du Portugal. Moll. Lam ell., Asiphonidm, p. 13 (1885). Comm. 

Trav. Geol. Portugal. 
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regarding the smooth escutcheon of jurassic clavellated forms. Choffat's useful study 
of variation and his illustrations of passage forms between the two Trigonice mentioned 
would furnish some justification for the union of the Clavellatre and U ndulatm if 
T. lusitanica were truly closely related to members of the last-named section. Its 
characters appear, however, to link it equally closely to the Scaphoidere, for reasons 
which will be stated when I come to deal with members of that section. Another 
modification proposed by Choffat is the separation of T. duplicata and apparently 
allied forms from the Sca phoidere, which section he accordingly restricts to comprise 
shells of a type agreeing more closely with T. navis, Lam. .A.s I shall have occasion 
to show, this restoration of its original narrow limits to the section Scaphoideoo, and 
the placing of T. duplicata and allied forms under the U ndulatoo, is in no way 
supported by a study of similar forms from Cutch, among which are to be found 
shells somewhat intermediate in character between T. duplicata and T. natis. 

One of the least satisfactory sections proposed by Agassiz was the "G labrre, n 

the limits of which were subsequently extended by Lycett, who pointed out clearly 
that the forms which he provisionally included in this section appear to fall into two 
groups, one to contain T. gibbosa, Sow., and its allies, and the other to embrace 
T. excentrica, Park., and similar shells without a defined escutcheon . ChoiIat, on 
the other hand, sought to avoid difficulties by attaching a wider meaning to the term 
" Glabrre," and included under this heading the remarkable Portuguese forms 
T. freixialensis, Choff ., and T. kobyi, Choff. He suggested that the smooth ante­
carinal space by which certain of the Glabroo are marked is a feature too unreliable 
to be utilised as a salient character of the section. This view receives the fullest 
support from a stu4y of extra"European Trigonim, for it is easy to demonstrate that 
an unornamented ante-carinal space may be well developed in various forms which 
are so widely separated by other important characters that they cannot be ranged 

within the limits of the same sectional division. 
Bigot 1 has since proposed to replace the section Glabroo by three narrower 

groups, a proceeding which, from the point of view of utility, is much to be com .. 
mended; it becomes, moreover, possible to unite with greater certainty forms which 
are nearly related . The three groups proposed are the Semilreves, with T.lingonensis, 
Dum., as the type; the Gibbosre, comprising T. gibbosa, Sow., and allied forms; 
a,nd the Excentricoo, for which the type chosen is T. excentrica, Sow. This arrange­
ment, in addition, appears to receive a certain measure of recommendation from 
stratigraphical considerations. It may accordingly be adopted w ith advantage, at 
least provisionally, in the treatment of European forms. In how far an extended 
knowledge of extra-European Trigonice will necessitate a further modification, it 

is difficult to say. 
In spite of all efforts, the arrangement of the fossil Trigonim into sections is 

still in many respects extremely unsatisfactory, and there remain, moreover, certain 
forms which present special difficulties. Some of these, for example T. "au, 

Sharpe, and T. conocardiiformis, Krauss, both from the Uitenhage beds of South 

1 A. Bigot. �ler!loire sur lea Tl'igonies, p.268. Mem. So�. Linn. Norm., Vol. XVII (2e Ber. Vol. 1),1892. 

c 
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Africa, are characterised by features which appear to alienate them in a striking 
manner from all European types, and render impossible their inclusion in any section 
already proposed. Certain of the Trigonice of Cutch, from the Oomia group in 
particular, offer similar difficulties. In order to find a place for suoh as these, it is 
possible either to extend the scope of sectional divisions already instituted, or to 
create new divisions. With the discovery of fresh facts it will doubtless be found 
satisfactory to employ both of these methods, just as the particular case may demand. 
Thus, if evidence be forthcoming which points with some degree of certainty to the 
close mutual relationship of several given forms, these may with advantage be 
brought together as a small group, based on the desirable foundation of the natural 
affinity of its members. A good example of such a group is furnished by the port" 
landian Gibbosre of Europe, in which a truly close relationship may be inferred 
from the study of growth .. stages. On the other hand, while such clear evidence for 
community of descent is not forthcoming, the discovery of forms apparently inter­
mediate between the Scaphoidere, as understood by Agassiz, and the group of 
T. duplicata, Sow., appears, as I have already hinted, to justify the extension of the 
Scaphoidere a s  advocated by Lycett. The result may be an artificial grouping based 
upon merely superficial resemblances, and with only the warrant of convenience, but 
one that may with advantage be retained until evidence is procured upon which a 

more strictly scientific arrangement can be based. In like manner, the retention of 
a division so unsatisfactory aR the Undulatoo, or even a fUl,ther extension of the same, 
may be justified as a measu re of convenience, to be employed in lieu of smaller divi" 
sions based upon more certain proofs of close relationship which, as yet, have not 
been discovered. To obtain evidence of this kind is obviously a matter of great 
difficulty, and although much may be achieved in this direction, it is clear that the 
division of the Trigonice into sections must remain, after all, largely a m�tter of 
convenience alone. Since this genus is represented for the most part by fossil forms, 
we can scarcely hope ever to obtain more than a small fraction of the evidence 
requisite to place the finer classification of its phases upon a ,sound scientific basis, or 
to gain a satisfactory insight into the full significance of the phenomena of shell­

ornamentation, upon which our attempts at grouping so largely depend. 
Hitherto, in the study of fossil Trigonice, Ijt tle attention has been paid to 

growth-stages. It has most frequently been the custom to select for description and 
illustration specimens having fully developed adult characters, and even whep youth­
ful stages have been well preserved which in form or ornamentation aiJo!d a strong 
contrast to the succeeding stages, they appear too often to have been overlooked. 
The great importance of a study of growth-stages in Mollusca has been abundantly 
proved by the researches of numerous  authors. It may be said that t)lls method of 
study has completely revolutionised and at the same time enormously increased 
our knowledge of the Cephalopoda, while, to mention one instance, Jackson's 

researches on the lamellibranchs,l  carried out on these lines, form one of the most impol'''! 
tant contributions to our knowledge of this class. The importance of growth-stages 

1 R. T. Jacklton . The Phylogeny (J£ the Pelecypod:.t, etc. �fem . Bost. Soc. Nat. H,ist., VO�, lV, No. 8 (1890). 
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and the significance of these as bearing on the theory of recapitulation, seems 
abundantly assured. Unfortunately, from the nature of fossil shells and the risks of 
preservation, evidence as to the character of early stages is too frequently not avail­
able. In the genus Trigonia, the strong incurvation of the umbones frequently 
hides from view the extreme apex and the immediately neighbouring part. In the 
case of detached valves it is most frequently found that the delicate apex and t.he 
first-formed ornamentation of the valve (representing the nepionic stage of Hyatt's 
terminology) 1 have not been preserved, or are so ill preserved that they are useless 
for study. It is otherwise with the immediately succeeding stage, whioh, in well­
chosen material, may repay careful examination. Thus, the neanie stage 2 may 
present the strongest contrasts, both in shape and in the character of the ornaments, 
to the more familiar features of the adult. Such characteristic youthful stages are 
present in Trigonia perhaps more frequently than has been supposed . 

The transition of characters between the youthful and adult period, though at 

ti mes somewhat sudden, is in other instances quite gradual, and is probably never so 
abrupt as in the case of genera which, for example, at the neanic stage become fixed 
by cementation of one valve, and subsequently acquire the ostreiform character inci .. 

dental to such a habit. In such cases as these, the early stages are indubitably of the 
greatest value as giving indications of affinities. In Trigonia, though the transi .. 

tion from · the youthful to the adult stages may be less abrupt and strongly marked, 
and called forth by no suddenly imposed physical requirements, the characters of the 
youthful period may be none the less significant, and may in some measure represent 
those of the adult in a not far remote ancestry. 

This interpretation seems to be amply supported by analogy with a large body 
of accumulated facts, and may be utilised in obtaining a broad indication of affinities 
at least of narrower import than generic. Thus, in the case of T. Smeei from 
the Oomia group, it. is impossible to escape from the inference, suggested by a study of 
the youthful characters, that this form is derived from ancestors possessing when 

adult all the salient features of the section Costatoo. In like manner, in: the young 
stages is to be sought the key to the affinities of other Oomia forms which, if studied 
with regard to their peculiar adult features alone, would certainly lead us to erro­
neous conclusions. I shall have occasion to draw attention to one or two interest· 
ing cases amongst the shells of the Oomia group in which the adult characters show 
a very strong similarity to those of certain forms geographically widely removed , 

while the adolescent stage, in the respective shells compared, exhibits wide differ­
ences and appears to be compatible only with separate and distinct lines of develop­

ment. I believe such phenomena to indicate convergent development, and they 
probably occur more frequently than has b�en generally supposed. 

The Trigoni(£ of Cutch are found in beds of the Putchum, Charee and Oomia 

1 A. Hyatt. Values in Classification of the stages of Growth and Decline . Proe. Bost. Soc. Nat. Hist .• 

Vol . XXIII,  p .  396 (1888). 
2 S. S. Buckman and F. A. B3ther. The terms of Auxology. Zoo!. Anz.  Nos. 405, 406 ( 1832) ; A. Hya.tt. 

Bioplastology, etc . Proe. Bost. Soc. :Nat. Rist., Vol. X X VI, p. 59 ( 1 895).  
,, 2  
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groups. The Costat� constitute the section most numerously represented ; some 
members of this division approach closely to certain well .. known European representa­
tives, while several are marked by very distinctive characteristics. Two forms pos­
sessing the main features of this section are found in the Oomia group, and in these 
higher beds occur also several remarkable shells which from the nature of their 
youthful characters appear to be closely linked to this section. Three Prigonice 

from the Oomia group are marked by features which at no observed stage of growth 
connect them with any established section of the genus. These I have united into 
a small group by themselves, which may be conveniently referred to as the " group 
of Trigonia v-scripta." A single shell, also from Oomia strata, I have ranked. with 

the Undulatre. The Scaphoidere (sensu latiore) are represented in the Putchum and 
Charee groups. Two forms referable to the Scabrre and one representative of the 
Pseudo-quadratre are confined to beds of the Oomia group, where also occurs abun­
dantly a shell which may be regarded provisionally as allied to the European Gibbosre. 
So far as I am aware, the jurassic series in Cutch has yielded. no single example of 
the Clavellatre. 

The Prigonice here described may thus be conveniently arranged under the 
following heads :-

Section. Group. 
Numoe,. of 

representatives. { i. Costatre 12 
(al ii. Derivatives} 

of Costatoo S 

(b) Gibbosm 1 

(c) Group of } 
T. v-8cripta 

3 

(d) Undulatm 1 

(e) Scaphoidem !) 
(sInstt latiore) 

(I) Pseudo-quadratm 1 

( g) Scabrre 2 

a. i .  SECTION COSTAT�. 

Ronge. 

{ Putchum Group. 
Charee " 
Oomia " 
Oomia " 
Oomia " 

Oomia J' 

Oomia " 
{ Putchum 

Charee 
II 
II 

Oomia I I  
Oomia JJ 

The characters of shape and ornamentation by which members of this relatively 
well-defined seotion are distinguished, appear to be more permanent than those of 
other sectional divisions, and to offer better facilities for a practical classification. 
The striking ana very constant differentiation of the ornaments in the Costatre, 
forming a general sculptural plan from which comparatively few deviations are seen, 
probably became fixed at an early period in the hist<ny of the genus. There is no 
evidence to suggest that this particular a.rrangement of ornaments has become 
independently acquired at different times, as may have been the case, for instanc�! 
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with certain leading sculptural characters in shells which have been ascribed to the 
Glabrre or the Scaphoidere . 

Although Lycett has laid some emphasis on those differences of figure and 
sculpture by which the TrigO'flite of this section are distinguished from the genus 
Myophoria, the general resemblance between certain Costatre and Myopkorite is 
really very striking. Those Myophorite, however, which bear a most close resem .. 

blance to the costate Trigonite/ lack th e longitudinal ornaments of the area by which 
these are always characterised. The true relations of these two genera may remain 
a matter of question, but it is highly probable that the Trigonite of the section 
Costatre may be among the most primitive representatives of the genus. The dis­
covery of a well specialised example of the section in the lower Lias (angulatus-zone 
of Spain)! constitutes a record which is quite compatible with this idea. Even at 

so early a period the sculptural differentiation was already as complete as in any 
subsequently occurring members of the section. 

Little can be said in addition to Lycett's excellent account of the characters of 
this section, but it may be remarked that the differences observable in the sculpture 
of the right and left valve are not always so noticeable as that author would lead us 
to believe ; sometimes they can scarcely be detected. The modifications produced 
at various times by divergent development in the general costate ground type are 
worthy of study. An interesting feature is the independent development of an ante­

carinal space devoid of ribs, quite analogous to that which forms so noticeable a 
character in the group of the Gibbosre. This is very well marked in the European 
T. ;,nterltevigata, Quenstedt,3 and is developed in less degree also by some of 
the Costatre of Cutch. Deviations in other directions are well illustrated by some of 

. the forms below described, but the most striking <'ases are furnished by the aberrant 
Trigonite of the Oomia group, which are separately treated under the heading 
" Derivatives of Costatre. " 

TRIGONIA TUMIDA, nov. ,  Pl. I, figs. 1, 2. 

Description.-The shell is ovately trigonal in outlin e, strongly convex and 
anteriorly truncated. The umbones are close to the anterior end and are well elevated, 

acutely pointed, strongly incurved and slightly recurved. The cardinal marfPD 
slopes gently backwards from the umbo and forms an obtuse angle with the siphonal 
border. The latter somewhat exceeds the cardinal border in length ; its outline is 
slightly concave in its upper half, slightly convex in the lower. The frontal margin. 
falls steeply from the umbo with a slightly convex outline ; the most forward point 
in the valve is situated in the lower half of this border. The inferior margin forms 

1 F. A. Quenstedt. Der Jura, Tab. I, figs. 1, 2 (1856) ; a Rhretic shell figured under the lIame Trigoni«. 
See also v. Alberti. Ueberblick tiber die Trias, p. 110, Tab. 2. fig. 3 (1864) ; a shell figured &8 M!jopkori" 

,legans. 
' J. Lyeett. Mon. Brit. Foss. Trig., Supplement, p. 3 (and woodcut) . (Palreontographical Society, 1881.) 
l F. A. Quenstedt. Der Jura, p. 503, Tab. 67, figs. 7, 8 (1856). 

. .  
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a convex outline anteriorly, and slopes gently upwards posteriorly towards the cari .. 

nal angle. The greatest height is attained at the umbo. 
The costre of the flank are narrow and well elevated, and are present to the 

number of 35 to 40 in an adult individual. The costm' are for the most part separa­
ted by interspaces fully 1 ' 5  mm. in breadth, but at the approach of senility become' 
closely crowded together. They are almost horizontal in their posterior part and, 
curve upwards anteriolly. Towarrls the frontal margin they become somewhat 
attenuated and assume a slightly wavy form here, where they are obliquely crossed 
by lines of growth. Their slight upward inclination is maintained right to their 
terminations at the frontal margin. Those of the left valve are separated posteriorly 
from the marginal carina by a definite ante ·carinal groove. In the right valve the' 
ribs extend to the carina. 

' The marginal carina is  prominent. In the youthful stage it is narrow and 
sharp, but with increasing age becomes broader and blunter in form, ihough remain ... 

ing well raised. It is denticulated by numerous and crowded, fairly regular, trans­
verse plications and grooves ; the plieations are a bout two and a half times as· 

numerous as the flank costro. With the approach of senility they lleeome more 
irregularly and obscurely developed. 

The area is large, and forms almObt a right angle with the flank in the anterior' 
,half of a mature individual, but a rather more obtuse angle towro-as the posterior 
end. It is divided in each valve by a weak, delicately beaded median carina, bOUllded 
on its inner side by a distinct groove. The surface of the lower half of the area 
is very slightly concaye in the adult stage ; the upper half is more strongly concave' 
and depressed. In the adult portion of the area, the surface of its lower half is­
ornamented by five or six delicate, longitudinal, finely beaded ridges, separatoo by 
narrow grooves ; the upper half of the area has about ten similar ridges. Obliquely 
transverse growth-lines decussate w ith the longitudinal ridges, and their points of 
intercrossing appear in the adult stage to coin cide with the granules of the ridges ; 
these minute beads are very frequently transversely flattened, in accordance with the' 
direction of the growthw lines. In senility the sculpture of the area becomes obscurely 
developed, and closely crowded lfues of accretion are the dominant surface feature� 
On the area of the right val ve there is a smooth, shallow groove adjacent to the' 
marginal carina, which corresponds in position with the carina of the opposite valve,. 
when the valves are closed. The area is bounded above by a weak though well­

developed, coarsely granular inner carina. 
The escutcheon ie, well impressed and broadly lanceolate in form. Its surface' 

is marked by numerous, very obliquely-running, well-raised1 irregularly linear' 

ornaments. In the youthful stage these consist of lines of elongated granules ;- with 
advancing growth these give place to minute, welleraised and s0>mewhat irregular 
ridges" which, by virtue of slight constrictions and swellings, a..qsume a broken or' 
wavy character. The direction of these delicate ornaments is parallel to the lines of 
growth. The ligament (preserved in the fossil state) occupies an elongated pit 
which extends for about one-third of the length of the escutcheon. 
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Traces of the minutely granular epidermal integument have been observed. 

lJimensions :-

(a) Length between the foremost point 

and the posterior angle 

(6) Length along marginal carina 
(c) Height measured by a perpendicular 

from the umbo 

(d) Length of escutcheon 

(e) Greatest breadth of escutcheon in 

one valve 

If) Greatest depth of a single valve • 

( 1 )  (2) 

1 5  
16 

1 3  

2 
6 

42 
24 

6-5 
1 7  

(3) 

5 0 mm. 
57 " 

46 " 

24 " 

7 II 

1 8  " 

15 

Occurre1We.- Found in the highest beds of the Putchum group, north-west of 
J umara, with T. prora and T. hispida ; also at Keera in the lowest beds of the 
Charee group. 

Remarks.-This Trigonia, of which beautifully pl'eserved examples are at hand, 

is distinguished from the remaining Costatre of Cutch chiefly by its strong inflation 
.and the large number of its ornamenting ribs. 'I'he specimen represented in Plate 
I, fig. 1, well illustrates the changes which take place when senility i3 reached. The 
crowding and slight irregularity of the costre of the flank in the last stage is accom­
l)anied by a diminut.ion of the sculpture on the area, where the longitudinal ridges 
become obsolete and the surface is marked by crowded lines of growth. 

Compared with European Costatoo, T. tumid(J seems to most closely resemble 
T. tenuico8ta, Lye.,! an English Inferior Oolite shell. The two forms show a strik­

ing resemblance in shape, in the strong incurvation of the umbones, and in the form 
and ornamentation of the area and escut oh eon. The chief diff�rences lie� the more 
elongated and less elevated figure of T. tumida ; also, its somewhat greater inflation. 

its less strongly marked anterior truncation, and the slightly greater delioacy and 

number of its flank ribs. The oostre approach the frontal margin with a rather 
stronger upward turn, and are not so nearly horizontal here as in T. tenutOosta. The 

denticulations of the marginal carina are rather more numerous in the English shell. 
Th e resemblance to other described Costatoo is less striking. From T. costata, 

Sow.,' this form may be . readily distinguished by its greater convexity, its more 

elongated figure, the greater number of its costre, the more delicately ornamented 
marginal carina and much finer inter-carinal sculpture, besides the steeper inclina­
tion of area and flank. 

While bearing some resemblance to th e shells ascribed by Lycett 3 to T. denti­

.culata, A g., especially in the character of the inter-oarinal ornamentation, T. tumida 

is readily distinguished by its more convex form, its more numerous costre and its 

1 J.  Lycett. Mon. Brit. Foss. Trig., p. 160, Fl. 33, figs. 7-9 (1877) . 
I J. Sowerby. Min . Conch., Vol. I, Tab. 85, 1815 ; also J. Lycott. Mon. Brit. Foss. Trig., p. 147, PI- 29, 

figs. 5-10 (1875-77). 
3 J. Lyoott. 0, . c,it., p. I5? n. 29, fig!". 1-4 (1877). 
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shorter escutcheon ; also by the steeper inclination of flank and area. It is dis­

tinguished by its more elongated and less elevated figure from a French form ascribed 

by Bigot 1 to T. lineolata, Ag. , which also shows strong inflation. 

TRIGONIA PRORA, nov., PI. I, fig. 3 • 

.DescripU,on.-The shell is relatively short and elevated, and is well inllated. 

The height slightly exceeds the length. 'The umbones are almo�t terminal ; they are 
prominent and well raised, narrow, pointed , strongly incurved and very slightly 

recurved. The cardinal margin forms a straight outline and slopes fairly steeply 
backwards from the umbo. It ends abruptly and forms an obtuse angle with the 
siphonal margin. The latter falls steeply and exceeds in length the cardinal margin. 
The frontal mar gin falls at once very steeply from the umbo and continueB to slope 

back by a gradual curve, and passes without break into the inferior margin ; the 

latter forms a gently concaye outline. 

The costro of the flank are na rrow and well raised, and numb er at least 26 in a 

full-grown individual. In the adult shell the costro are usually deve loped at 

intervals of about 2 mm., and some interspaces may be fully 2'5 mm. in breadth. 

In their posterior portion the costro are almost straight, and curve up anteriorly 

somewhat steeply . Near the frontal margin they become attenuated and bend again 

so as to approach the valve border in a direction more nearly horizontal, but at no 

part of the frontal margin do they approach the border quite at right angles. Pos­

teriorly, the costro terminate at a narrow ante-carinal g roove in the left valve, but 

those of the right valve touch the carina. 

The marginal carina is narrow , sharp, and prominent, except towards its 

posterior extremity in an adult  individual, where it assumes a slightly more rounded 

form . It is denticulated by narrow transverse grooves and minute intervening 

rounded ridges ; the latter are about two and a half times as numerous as the costro 

of the flank . 

The area is large, and until half the full dimensions are attained, it forms a right 

angle with the flank . The inclination of the area is in subsequent stages less strong. ' 

A prominent, narrow, beaded median carina separates it into two portions, of which 
the upper is the broader. The surface of the area is slightly concave in its lower 

portion, more strongly so above the median carina. The ornaments throughout, 

consist of narrow, well-raised, delicately beaded longitudinal ridges . Towards th e 

posterior end of the area in an adult specimen these ridges number about six in the 

space below the median carina, and seven or eight in the upper portion. At a 

distance of 10 mm. from the umbonal apex there are onl y two or three ridges above 

the median carina, and only one below it. ' In the right valve there is a smooth 

groove adjacent to, and immediately above , the marginal carina ; a similar though 
narrower groove accompanies the median carina on its superior side. These grooves 

J A .  Bigot. Memoire sur les Trigonies. Mem. Soc. Linn. Norm., Vol. XVII, p. 276, Pl. VIII, figs. 4, 5 ;  PI . X, 

fig. 4. (1892) . 
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are best developed in the later ladult period. Towards its upper limit at the inner 
carina, the surface of the area rises very steeply. 

The inner carina is narrow, well raised and prominent, and ornamented by 
delicate bead-like sculpture. The escutcheon is of broad lanceolate form. It is 
w.ell excavated, and in each valve has a concave Hoor and is slightly raised towards 
the cardinal margin. The surface is  ·ornamented by weak, obliqpely transverse 
wrinkles. The ligament occupies a short pit, extending for about one quarter of the 
length of the escutcheon. 

J)imenrions :-
( I )  (2) (3) 

(a) Length measured from the middle 

of the frontal m argin to pos-

terior angle 34 35 89 mm. 

(b) Length along marginal carina 37 39 45 " 

(c) Height from the umbo to middle 

of inferior margin . 34 37 40 h 
(d) Len�lih of escutcheon • 18 " 

(e) Greatest breadth of escutcheon in 
one valve 4 5 " 

(f) Greatest depth of a, single valve 1 3  13 1 4 " 

Oeeurrence. -T. prora is only known from the top beds of the Putchum group, 

north-west of Jumara. 
Remarks.-'fhis Trigonia is remarkable for its short and tall figure, the almost 

terminal umbones, and the shape of the frontal margin, which in profile appears cut 
. away below like the sloping stem of a boat. In most of the specimens at hand the 

result of weathering has been to partially obliterate the finer surface ornaments, and 
the sculpture of the area and escutcheon shows signs of having lost much of its ori­
ginal prominence. "In general aspect, T. prora much resembles T. elongata, Sow.,I 
and seems to approach more closely to the " typical form " of that shell than to either 
of Lycett's varieties.2 The resemblance, however, is only a very general one, and 
depends mainly on the short and elevated figure. T. prora is rather more obliquely 
elongated ; its escutcheon is narrower, and has a distinctly excavated form ; its mar­
ginal carina is narrower and more finely ornamented, while the inter-carinal orna­
menting ridges are more delicate and numerous than those of T. eloogata. 1.'he 
flank costro of T. prora are more numerous and closely spaced, and, even allowing 
for conditions of preservation, are less prominent ; the ante-carinal groove is much 
narrower and the cardinal margin forms a straight outline, as distinguished from the 
convex outline in T. elongata. The English shell is in general more robustly orna­
mented and also attains much larger dimensions . . 

There is also considerable similarity to T. cardi8sa, Ag. ,s a shell somewhat 
resembling T. elongata, stated by Oppelt to occur with Ammonite8 anceps in France. 

1 J. de C. Sowerby. Min. Conch ., Pl. 431 (1823). 
J J. Lyoett. Mon. Brit. Foss. Trig .• p. 164 (1877). 
) L. Agassiz. Mem. sur les Trigonies, p. 45, Ta.b. 11, figs. 4r-7 (1840). 
• A. Ojlpel. Die J uraformation, p. 565 (1867). 

D 
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T. p,.ora appears to be rather more obliquely elongated ,  and its escutcheon is more 
depressed. There is a further distinction in the form of the flank costm. In T. ca,,­
di88a these rise steeply near the frontal border to form a very acute angle with the 
margin. In T. prora the upwardly sweeping costre become deflected so as to ap· 
proach this margin more nearly at right angles. The considerable excavation in the 
upper part of �e frontal face of T. cardissa 'is not a characteristic of T. prora. 

T. angustula, Bigot,l from the " bajocien superieur " of Normandy, is also a 
short and elevated member of the Costatre. T. prora differs from this by its consider­
ably more obliquely elongated form .. 

TRIGONIA CHARIENSIS, nov., Pt I, fig. 4 ;  PI. II, fig" 1 .  

1 840. Tr;go'llia co.stata, var. J .  de C. Sowerby. Appendix, Capt. C .  W. Grant's " Memoir to illustra.te a. geolo­
gical map of Cutch." Trans. Geol. Soc. Lond .• Ser. 2, Vol. V, Pt. 2, p. 828, Pl. XXI . fig. 16 .. 

lJescription.-The shell is ovately trigonal, moderately inflated, with relatively 
lengthened escutcheon. The umbones are close to the anterior end ; they are well 
raised and prominent, well incurved and slightly recurved. The cardinal margin 
slopes down gently from the umbo, and forms a straight or slightly concave outline. 
The outline formed by the inner carina is gently concave. The escutcheon is almost 
or quite equal in length to the siphonal margin. This margin makes a slightly 
concave outline in its upper part and falls more steeply below. It forms an obtuse 
angle with the cardinal margin. The frontal margin appears regularly convex in 
profile ; it is relatively long and passes without sudden break into the inferior mar­
gin, the outline of which is more gently curved. The foremost point is at about the 
middle of the frontal margin, and the greatest height falls at the umbo. 

The costw of the flank are narrow and well raised ; they nUJD.ber between 25 

and 30 in a full-grown individual. They form a very slight curve as they oross the 
flank, or are almost horizontal posteriorly, and rise rather more steeply as they 
approach the frontal border. The ribs are not always evenly spaced. At the 
middle of the flank in a full.grown specimen the interspaces may reach a width as 

great as 4 mm., but some do not exceed 2 mm. With the attainment of senility 3 
noticeable crowding of the costre ocours. In the left valve there ill a well-marked . ' 

ante-c81'inal groove, but in the right valve the costro are posteriorly joined to the 
marginal carina. 

The marginal carina is narrow and well raised. It is ornamented by narrow, 
transversely lengthened protuberances, delicately moniliform in the youthful stage, 
becoming more elongated and rid ge-like in the adult, and finally in the senile stage 
degenerating into crowded scale-like imbrications resembling prominent rid�es of 
accretion. These ornaments are almost three times as numerous � the costre of the 
flank. 

The area forms for the most part an obtuse an gle with the flank, and is only 
inclined at a right angle to it durin g the youthful growth-stage. The lower half of 

J A. Bigot. Mem. SUl' les Trigoniee. Mem. Soc. Linn. Norm., Vol. XVII, p. 282, PI. Il, figs. 11, 12 (18�2). 
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the area. presents a Hat surface, while the portion above the median carma is· concave. 
The median carina is fairly prominent, and marked by closely set bead-like sculpture 
which becomes scale-like in senility. Towards the posterior' end of a full-grown 
individual, the longitudinal ornamenting ridges of the area number six: or seven 
below the median carina, while there are about eight ridges above it. At a distance 
of 10 mm. from the umbonal apex there are only one or two ridges belew the median 
carina, a.nd four (l)r five finer ones above it.. All the ridges are marked by a delicate 
bead-like sculpture formed by the intercrossing of raised transverse lines. In 
senility the transverse lines become dominant and are more closely crowded ; the 
longitudinal ridges at the same time dwindle in strength or become obsolete. The' 
area is bounded above' by a narrow inner oarina bearing delicate bead-like or 

papillose ornaments. 
The escutcheon is relatively long ; it is well excavated and of narrow Ianceolate 

form, and is marked by obliquely Mlnning, well .. raised linear ornaments. 
Traces of the minutely granular epidermis have been observed. 

])imensions :-

(a) Length from the middle of the 
frontal margin to the posterior 

angle • 

(b) Length along marginal carina 

(c) Height measured by a perpendicular 

(1 ) 

5·2 
5& 

(2) (3) 

5 4  5 6  
6:0 68 

(4) 

67 mm. 

68 " 

from the umbo 45 46 47 58 " 
(tl) Length of escutcheon . 30 3 1  8 1  32 ,,. 
(�) Greatest depth of a single valve . 13- 1& 1 8- 20 " 

Occurrence.-This form occurs numerously at Keera hill in the lowest beds of 
the Charee group. Specimens have also been collected at Charee and at a locality 
south of Lodye. 

Remark8.-This Trigonia is principally distinguished by the relatively fine 
oharacter of the sculpture on the area and by the length of the escutcheon. There 
appears to be considerable variation in the spacing of the flank-ribs and in the infla­
tion of the valves. 

A specimen collected near Charee by Captain Grant, which was figured by 
J. de C. Sowerby 1 under the name " T. cOBtata, var. ," and is n()w preserved in 
the collection of the Geological Society, agrees· fairlY well with T. cha'l'ienBis. It 
seems to approach most closely to the specimen here illustrated in Plate II, fig. I, 
and differs chiefly in the wider spacing and more curved form of its costm. These 
differences, however, may reasonal>ly be attributed to variation, and appear to. offer 
no suffioient ground for separation. Sowerby 's figure is not in all respects an accu­
rate one, and Grant's specimen has, in reality, fewer costre than are represented in the 
illustration. The cardinal margin, the escutcheon, and the upper half of the area 
are hidden by the matrix but have been restored in the figure. Gottsche i has refeITe<l 

I Trans. Gaol. Soc. Lond., Ser. 2, Vo1. V, Part 2,  p. 328, PI. XXI, fig. 16 (1840) .  
� C .  Gottsche. U aber jurass. Verstein. aus der argent. Cerdillere. Palleontographica, Suppl. III, �ef. ll,. 

Beft 2, p. 25 (1878)� 

D 2  
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Grant's specimen to P. elongata, Sowerby, presumably on the evidence of the 
figure alone. Lycett,l who, it may be presumed, examined the specimen itself, also 
united it to T. elongata ; but the single specimen, partly covered by matrix, is 
certainly insufficient to justify suoh an identifioation. D'Orbigny J also includes a 
reference to J. de C. Sowerby's identification under the heading " T. elongata," in 

the " Prodrome." 
T. chariensis is distinguished from T. propinqua (with which it is associated) by 

its less numer.ous and less closely spaced costro, by its greater oblique elongation, 
and by the greater length of its escutcheon. When compared with European forms, 
it appears to approach most closely to the English shells ascribed by Lycett 3 to 
P. denticulata, Ag., from whic'h it differs principally by the rather shorter and more 
deeply sunk escutcheon, the somewhat broader area, and the more extensive siphonal 
margin. On the average, the costro of the English shell are more closely spaced. 
At the same time, the two forms are alike in general habit, as seen in the curve of 
the costro, the relatively lengthened form of the escutcheon, the elegant and delicate 
character of the inter-carinal ornamentation and of the carinm themselves. 

In dealing with members of a section like the Costatm, such points of simi­
larity as are here enumerated must be cautiously interpreted ; and, as in the present 
case, where the forms compared are geographically so widely removed and occur 
with such different associations, they cannot necessarily be supposed to possess any 

special significance. It would be rash to conclude that T. chariensis stands in closer 
relationship to this English she�l than to several European forms with whioh it 
agrees less closely. 

A brief comparison between T. chariensi8 and a few other known Costatre may 
perhaps with advantage be added. This form differs from T. c08tata, Sow.,' in its 
somewhat more elongated figure and the greater obliquity of its marginal carin&, 
as well as by the finer inter-carinal ornamentation. 

Though showing considerable resemblance in form to P. bella, Lyoett,5 it is 
readily distinguished by the finer orna.mentation of the area and the more delicate 
sculpture of the inner and marginal carinm. 

T. feuguerolletltBi8, .Bigot,6 a rare form from the " bajocien inferieur " of C&lv�· 
dos, has a more convex anterior margin, more strongly curved flank costro, and a 
relatively shorter escutcheon. The shel1s figured by Bigot 7 under the name T. papil­
lata, Ag. , have a similar oblique elongation, but are more coarsely ornamented an,d 
have a stronger inflation and more convex anterior outline. 

The specimen represented in Plate I, fig. 4, is somewhat i�perfectly preserved, 

especially in the details of sculpture. The longitudinal ridges have become almost 

1 J. Lyoett. Mon. Brit. Foss. Trig .. pp. 160, 154 (1877). 

2 A. d'Orbigny. Prodrome de PaMontologie, VOh I, p. 838 (18'9). 

I J. Lycett. Mon. Brit. F08S. Trig., p. 162, Pl. 29 (1877). 

4 J. Sowerby. Min. Conch., Vol. I, Tab . 85 (1815); also J. Lyoett . Mon. Brit. FOBS, Trig., p. 1'7, PI. 29, fi�� 

6-10 (1 875 and 1877). 
Ii J. Lycett. Mon. Brit. Foss. Trig., p. 162, Pl. 32, figs. 6-8 (1877). 
II A. JUgot. ;Mem. 8ur lee Trigollies. Mem. 8oc. Linn. Norm.� Vol . �VII, p. 279" f�. VlII. fig. 8 (1892). 
1 O'f. cit., Pl. XI, figs. 2-5. 
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completely obliterated from the upper half of the area ; but this specimen shows 
well the general form and outline and the relatively great length of the escutcheon. 
The broad and rounded appearance of the carinro in fig. 4 OJ is altogether due to the 
state of preservation. The specimen represented in Plate II, fig. 1, has the surface 
markings well preserved, but the posterior portion of the escutcheon and inner car­
ina is broken away. The slight differences between these two individuals, seen 
particularly in the curve of the carina, I believe to be due to variation. 

TRIGONIA PROPINQUA, nov., Pl. II, figs. 2, 3. 

Description.-The shell, when full-grown, has a well elevated figure, a rela­
tively short escutcheon and extensive siphonal margin, and is delicately ornamented. 
It is not strongly inflated. The umbones are near the anterior end ; they are not 
strongly prominent, and are narrow, sharply pointed, well incurved and recurved. 
The cardinal margin slopes gently backwards from the umbo and has a straight 01' 

very slightly convex outline. It forms an obtuse angle with the siphonal margin. 
The upper part of the siphonal margin is slightly concave in profile, the lower part 
straight or very gently convex. The frontal margin slopes down steeply from the 
umbo and bulges forward to form a wide curve in profile ; it is relatively great in 

height. The inferior margin is very gently convex in outline. The greatest height 
is attained at the umbo, and the foremost point is at the middle of the frontal 
border. 

The ribs of the flank are numerous, narrow and well raised, attaining to the 
number of about forty in a full:grown valve. The widest interspaces do not exceed 
2 mm. in breadth. The ribs are evenly and gent1y curved as they cross the Hank, 
and rise somewhat steeply as they approach the frontal valve margin, with which 
they form an acute angle. N ear this margin they become rather attenuated in 
form, and acquire a slightly wavy and serrated character where crossed very ob­
liquely by lines of growth. The crowding of the costro, when senility is reached, is 
very marked. In the left valve there is a narrow though well-defined. ante-carina I 
groove, which, however, becomes posteriorly ill defined and encroached upon by the 
ornaments formed in the senile stage. In the right valve the costro extend back. 
wards to the marginal carina. 

The marginal carina - is narrow and fairly prominent until senility is reached, 
when it is blunter, broader, and less emphasised . It is delicately ornamented by 
moniliform protuberances which in the lower half of a full·grown specimen become 
transversely elongated. In senility these ornaments degenerate into closely cro�ded, 
imbricating, thin scale-like ridges which cross from Hank to area and are continu­
ous with ridges of growth on the area. 

The area forms for the mosi part an obtuse angle with the flank. Its surface 
between the marginal and median carinre is flat or gently concave ; above the 
median carina it is concave. The median carina is of a delicate charac�r, and 80 a�e 
.ali the inter .. carinal ornaments. Towards the posterior end of a well-grown adult 
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individual the longitudinal ridges· of the area number about six between' �he marginal! 
and median carinre ; above the median carina there are as many as · twelve ridges .. 
The transverse growth-lines by which the ridges' are crossed are of a: delicate' 
character, and the decussation of ' these two sets of raised lfues gives rise to minute,. 
transversely elongated nodes upon tile longitudinal ridges. During senility, the ' 
longitudinal ornaments formed on the &Tea are of a less well-defined characier, while' 

the narrow and crowded. transverse lines of accretion are mora noticeable. The 
inner carina is present as a. narrow and weU-defined ridge. 

The escutcheon is·. of. lanceolate f.orm, well depressed near the inner carina and 

somewhat raised. towards the cardinal margin. Its' surface is, crossed by obliquely 
running, delicate though ,vell-d.efined, narrow, raised ridges. Near the umbo· these' 
have a very fine character and are irregularly and minutely granular� These ridges:. 
pass over the inner carina and are continuous with· those which cross· the area. The' 
ligament pit is narrow and posteriorly pointed, and extends for a diStance of ooe .. , 
third of the length of the escutcheon. 

Traces of the minutely granular epiciermal integument have been observed ... 

Dimensions : -

(a) Length from the middle of the frontal margin to ·the 

posterior a.ngle 

(b) Length along the marginal carina , 
(0) Height measured by a perpendicular. from, the umbo 
(d) Length of escutcheon • 

(e) Greatest depth, of a. single valve ' 

(1) 

56: 
58, 

22 
14-

(2) 

61 mm�· . 
66 " 
58 " .  
22 , .  
16 " 

Occurrence.-Found in association with, T. chariensis at Keer� Hill,. in t'lie� 
lowest beds of the Charee group. 

Bemark8.-T. p'l'opinqua' bears· considerable general resemh18nce to · P . . charie", .. · 

sis, but differs in several features. It is rather more compressed, is · not SO' obliquely' 
elongated, and has a considerably shorter escutcheon. Its costre are more numerous · 
and closely crowded ; the ornaments · of the area are also more numerous ·and rather' 
more delicate in character. 

This form:bears some-resemblance'to the shells ascribed by Lyoett to> p� Merian;', · 
Ag./ especially in the delicate ornamentation of. the area, but differs by having the' 

flanks· somewhat more numerously and delicately ribbed, by the slightly greater' 
angle formed by flank and area, and by' the relatively shorter cardinal margin and less · 
strongly excavated escutcheon. 

From the shells· ascribed by Lycett 2' 10 T. denUculata, Ag�, iEt ,which it bears ai 
certain resemblance, T. propinqua is readily distinguished by the slightiy denser ' 

ribbing of the sides, the relatively broader ' area, and the markedly shorter escutcheon. · 
In the fine character' of. the inter-carina!:' sculpture and the deUeately ornamentedt 
earinre·the two · forms show shnilarity. 

1 J. Lycett. Mon. Brit. Foss. Trig., p .. 167, Pl. 33 (ISf.7-). , 
2 Ibid., p. 152, Pl • .  29. . 
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A detailed comparison with T. costata, SoW.,l is scarcely necessary. The latter 
:is a shorter and less obliquely elongated shell, and is much more coarsely orna­
mented. 

T. propinqua differs from the French form ascribed by Bigot 2 to T. line.oZata, 
Ag., by its more obliquely elongated figure, its much less convex form, and the 
greater angle formed between the area and the cost at3 flank. While bearing some 
resemblance to P. jeuguerollens;,s, Bigot,3 it appears to differ in having a more 
elevated form and an escutcheon of more lanceolate and posteriorly attenuated out­
line. 

TRIGONIA BREVICOSTATA, nov., PI. II, figs. 4, 5.  

])escripti0f3.-The shell has a relatively elongated outline and compressed form ; 
the umbones fall within the anterior quarter of the shell's length, and are not strongly 

prominent. They are only weakly incurved. The cardinal margin forms an 
-approximately straight outline, and its junction with the siphonal margin is rounded 
and obtuse. The siphonal margin slopes back obliquely with a slightly convex outline. 

The frontal margin forms a boldly convex outline and passes below by a steady 
curve into the inferior margin , which is regularly convex. Just in front of the 
carina} angle the margin h1ls an indentation of varying strength, corresponding in 
position with the ante-carinal space. Th e greatest height is at the umbo, and the 
�orem08t point is at about the middle of the frontal margin . 

The ribs of the flank are narrow, well raised, well spaced, and evenly curved 
as they pass across the side. In a specimen 29 mm. in length there are about sixteen 
ribs. The widest interspaees are about 2 mm. in breadth. The ribs of both valves 
terminate posteriorly before reaching the marginal carina. In the youthful stage 
the smooth ante-carinaI space is present in both valves as a narrow groove. At a 

distance of 2Q mm. from the urn bo (measured along the carina) the smooth space is 
about 3 mm. broad in the left valve, but scarcely so broad in the right valve. In 
the left valve the space is Hat ; in the right valve it has a' more trough .. like form and 
its posterior side slopes steeply up to the carina. 

The marginal carina is very narrrow, and well raised. That of the Jjght valve 
is considerably more prominent than that of the left valve, and is proportionately 
broader and more robust towards its posterior end. In the left valve the carina 
increases very slowly in size when traced posteriorly, and is narrow and delicate 
throughout. In both valves the carina is ornamented by narrow, prominent protu­

berances, very delicately moniliform in the youthful stage ; in the adult they are 
well raised, and give the carina a serrated aspect. These ornaments are rather more 
widely spaced and more salient in the carina of the right valve than in that of the 
left. '; 

1 J, Sowerby. Min. Conch., Vol. I, Tab. 85 (18 15) ; also J. Lycett. Mon. Brit. Foss. Trig., p. 147, PL 29 
�1875 and 1877). 

2 A. Bigot. Mem. sur les Trigonies. �Iem . Soc. Linn, Nor�., Vol. XVII, p. 2,76, :pl. VIII, figs. 4-7 (1892 ). 
3 Ibid., p.  27,9, PI, VIII, fig. s. 
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The surface of the area is slightly convex throughout, or may sometimes be 
tlattened in its superior part. Ifhe median carina is delicate and weakly developed 
as a rule, and appears to be present only in the left valve. In the right valve there 
is a narrow and shallow median groove corresponding to the median carina of the 
other valve. 'l'he remainder of the area is ornamented by delicate and closely 
spaced longitudinal ridges. The number of these at a given distance from the umbo 
is slightly variable. At a distance of 20 mm. from the umbo there are usually five 
or six ridges below the median carina or groove, and seven or eight above it. At 5 
mm. from the umbonal apex there are two or three ridges in the lower half of the 
area, and four or five above. The ridges are minutely granular in the youthful shell , 
and in later stages are coarsely granular or delicately nodose. The' granules o'r nodes 
are arranged in transverse rows according to the direction of transverse growth-lines 
whicll decussate with the longitudinal ridges� The area is bounded above by a nar· 
row though di stinct inner carina which has a delicate beading or finely serrated 
ornamentation . 

'The escutcheon is very narrow, and relatively elongated. It is smooth, of 
slightly excavated form near the inner carina, and somewhat raised towards the 
�ardinaI margin. The ligament pit extends back from the umbonal apex for a dis­
tance of about one-third of the length of the escut.cheon. 

The cardinal teeth of the left �alve are relatively strong and prominent. , The 
central tooth is broadly indented below. The narrow and lath-like anterior tooth is 
well raised from the thickened valve-margin. It rests upon a thickened ledge or 
bracket which also supports the anterior limb of the central tooth. The anterior 
adductor impression is deep and narrow. The slight concavities at the siphonaI 
margin, which represent the position of the inhalent and exhalent currents, are 
separated by a short, blunt thickening of' ihe inner valve·surface. At the posterior' 
angle of the valve there is a narrow and more prominent, short internal thickening. 

Dimension8 :-
( 1 )  (2) (3) 

(a) Length from the middle of the 
frontal margin to the posterior 
angle • 23 27  29 mm . 

(b)  Length along marginal carina 23 26 28 " 
(c) Height measured from the umbo 2 0  22 2:3 " 
(d) Length of escutcheon 1 1  1 2  13  " 
(e) Greatest depth of a single valve 6 7 7 ,,. 

Occurrence.-This form has been found in the lower beds of the Charee group at 

J ooria and has also been obtained at Kattare Hill and at a locality east of J enane. 
Bemarks. -This Trigonia is very well characterised, and is easily distinguished 

from other known Costatoo. Its chief distinctive features are its compressed form, 

its narrow, serrated carinoo and delicately ornamented area, but above all the wide 
ante-carinal space in both valves. Another noteworthy character is the relatively 
great posterior elon gation, wh€reby the length measurement of a valve often exceeds. 
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the measurement along the marginal carina, a relation not frequent among the 
Costatw. Immature examples of T. ca8siope, d' Orh.,  provide a somewhat similar 
outline. 

It is probable that none of the specimens at hand have quite reached their full 
dimensions, and no individual examined shows characters of senility. At the same 
time it is very probable that the full adult dimensions are almost attained in the 
largest specimens. With regard to t�e differences of ornamentation in the two 
valves, these appear to be more marked than is usual in the Costatw. As might be 
expected from our knowledge of the relations of the valves when closed (which ap­
parently hold good in varying degree for all Costatre), the ante-carinal space is 
narrower in the right valve than in the left. The greater prominence of the mar­
ginal carina in the right valve is very marked, and the manner in whioh this carina 
rises with steep flank from the excavated ante-carinal space forms a peculiar 

feature. 
I am not acquainted with any member of the section with which T. brevicostata 

will bear a close comparison. There is some general resemblance to T. distincta 

(Charee group) which also has a considerable ante·carinal space in the left valve 
and a slightly developed one in the right valve ; but T. distincta is a shorter shell, 
has blunted carinre and much more delicate and minute inter-carinal sculpture, and, 
moreover, has a transversely ornamented escutQheon. T. nitida, from upper Charee 

beds, also has points of similarity, and in this, too, the ante-carinal groove is a 
noticeable feature in both valves ; but the groove is narrower, the figure of the valve . 
is shorter, and the shell more convex than in T. brevicostata. 

TBIGONIA DISTINCTA, nov.,  PI. II,  figs. 6, 7. 

J)esc19iption.- The shell has an almost ovate outline and is moderately convex. 
The umbones are situated at about one·third of the shell's length from the foremost 
point. They are only slightly incurved. The cardinal margin slopes back fairly 
steeply from the umbo and passes without sudden break into the siphonal margin, 
whieh bas a well curved convex outline. The frontal margin slopes forward from 
the umbo to form a regularly convex outline. It passes below by an unbroken curve 
into the inferior margin,

. 
which is also con vex in profile.  'l'here is a very slight 

indentation of the valve margin at the lower termination of the ante .. carinal spaoo. 

The greatest height is attained at the umbo. 
1'he flank is orna.mented by narrow and well-raised costre to, the number of 13 

or J 4 in a sppcimell measuring 20 mm. in height. The spacing of the costre is slightly 
irregular ; the widest interspaces are I '  5 mm. broad. The costre are well curved 
in form, and are anteriorly upwardly sloped, but for the most part approach the 
anterior border almost at right angles. In the left valve there is a well-developed, 
smooth ante-carinal space. At 5 mm. from the umbo (measured along the carina) 
the space is about 1 mm. in breadth ; at 10 mm. from the umbo it is 2 m�. broad ; at 
20 mm. from the umbo the space is fully 3 mm. in breadth. In the right valve the 

:B 
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costro do not extend posteriorly to the carina, but are separated from it by a narrow 
groove of excavated form. 

In the left valve the marginal carina is narrow and fairly prominent in the 
youthful stage, but soon assumes a broader and more blunted form. At 15 mm. from 
the umbo it has lost its well-defined character, and at 20 mm. it is present only as a 

blunt ridge or fold in the valve, and is devoid of any ornaments. Up to a distance 
exceeding 10 mm. from the umbo the carin3t of this valve shows traces of very deli­
cate and very weakly developed moniliform sculpture. In the right valve the carina 
is more robustly developed, and is of well-raised, rounded form. It is marked by 
transverse grooves with intervening blunt, rounded and weak denticulatioDs. 

The area presents a gently convex surface and is minutely ornamented by 
numerous longitudinal granular lines. In the left valve . a very" narrow and weakly 
developed longitudinal groove divides the area into a narrower superior, and broader 
inferior portion. At 10 mm. from the umbo there are si.x granular longitudinal lines 
below the groove, and five or six above it. This sculpture dwindles and becomes 
obscurely developed when traced further back from the umbo, and near the sipho­
nal margin of a specimen 23 mm . in length, transverse growth-lines become the domi .. 
nant feature. In the area of the right valve there is a very well-marked groove 
adjacent to the marginal carina, and also a well .. developed median groove, broader 
and deeper than that of the opposite i"alve. The minutely ornamented longitudinal 
ridges are similar to those of the opposite valve. 

In the left valve the granular limiting ridge which represents the inner carina 
is exceedingly weak and delicate, and is scarcely more prominent than the longi­
tudinal ornaments of the area. In the right valve the inner carina is also incon .. 
spicuous, though somewhat more robust than in the opposite valve. 

The escutcheon is of narrow and much elongated lenticular form. Its surface 
is scarcely depressed at all ; it is ornamented by delicate, transverse, � straight or 
sl ightly curved bars, which are rounded and smooth or slightly granular in character. 
In a left valve about eight such transverse ornaments have been counted, and they 
are absent towards the posterior termination of the escutcheon. A right valve with 
an escutcheon 12 mm. in length shows about fourteen similar ridges. The widest 
interspaces between the ridges are less than one millimetre in brelldth. The · 

ligament pit is of narrow, elongated form, extending for almost one-third of the 
escutcheon.  

J) '  . 
f,mens'z,ons : -

(a) Length from the middle of the frontal margin to the 

postel'ior angle . (b) Length alon g marginal carina 

(c) Height measured from umbo 

(d) Length of escutcheon 

(e) Greatest depth of a sin gle valve 

(1) 

I t  
6 

(2) 

23 mm . 
28 , , 
20 " 
12 't 

6 " 

Oc�u,,.reJlJce.-Found in beds of the Charee group at Guddera (top strata), which 
have been thought to represent the lower beds of the group. 
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Remarks.-This is a very well characterised form, and differs considerably from 
all other Costat� with which I am ac quainted. The chief peculiarities are seen in 
the wide ante-carinal space of the left valve, the extremely delicate sculpture of the 
area, and the peculiar transverse ornaments of the escutcheon. This 1 ast character 
alone is sufficient to give T. di8tincta an isolated position within the section Costatre . 
There is unfortunately only a single complete specimen at hand, a left valve figured 
in Plate II, flg. 6. The fragmentary right valve illustrated in fig. 7 has a larger 
number of transverse ornaments on the escutcheon. This may be due to individual 
variation, but is with e qual probability a normal character, in accordance with the 
general differentiation of the sculpture in t.he two valves. Some differences in the 
ornamentation of opposing valves ·appear always to be present in this section of the 
TrigonilB . We have seen that they are clearly marked in T. brevicostata, and they 
may well have been carried further in the form. we are now discussing. The left 
v alve here figured shows a marked dwindling of the sculpture of the area towards 
the siphonal margin. This and the increasing dominance of the transverse growth­
lines at this part most probably indicate that the individual hti s almost reached its 
.full dimensions. 

In this shell the reJati vely smooth aspect and convex form of the area, no less 
than the weakly impressed escutcheon, are additional characteristic features. The 
transverse ornaments on the escutcheon are in some degree comparable with those 
developed by T. exortiDa (from lower Charee beds) , a member of the section Scaphoi. 
dere apparently allied to the European group of T. duplicata. . In the section Costa­
tre it is true that obliquely transverse SCUlpture is often present Gn the esoutcheon, 
and sGmetimes forms a marked feature, as in T. pullus, SOW. ; 1  but in that form 
these ornaments are obliquely placed and are more narrowly spaced and in every 
way more delicate than those of T. distincta. In the latter the ridges pass straight 
across the escutcheon (or are slightly curved) and approach the cardinal margin at 
right angles. 

TRIGONIA ACUTA, nov., PI.  I I , fig. 8. 

])escription.-The shell is well elevated and obliquely elongated. in outline, 
anteriorly obliquely truncated, and moderately convex. The umbones are almost 
terminal ; they are conspiouous and well raised, narrow, pointed and well incurred. 
'fhe anterior margin falls very steeply from the umbo, and is cut away below sO' as 
to pass by a wide curve into the convex inferior margin. The cardinal margin is 
relatively short. 

The flank is ornamented by narrow, gently" curved ribs, which fire relatively 
olGsely crowded in the youthful growth-stage and become well spaced in the adult. 
In a specimen which measures 5 �  mm. along the carina there are upwards of thirty 
costro. In another specimen of similar dimensions there are rather fewer ribs. In 

l J . de C. Sowerby. Min. Conch . ,  Tab . 508, figs. 2, 3 ( 1826 ) ;  ah'() J. L;:cett. )Ion. Bri t. Foss. Trig., p. 1641, 

PI . 3 4, figs. 7-9 (1877) .  

E 2  
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the youthful stage the delicate and cr'Owded ribs appr'Oach the frontal margin at 
right angles. In the adult, the ribs rise sharply near this margin, forming an acute 

. angle with it and becoming attenuated and slightly wavy near their terminations. 
·Near the inferior margin of a well-grown individual the interspaces may reach 3 
mm. in breadth. For a distance of at least 10 mm. from the umbonal apex the ribs 
of the left val ve appear to extend posteri'Orly t'O the marginal carina. In the adult 
porti'Ons of the valve the posteri'Or terminati'Ons of the ribs are separated from the 
carina by a very narrow space. In the right valve the ribs extend back to the carina. 
'fhe carinal angle is very sharp and the carina itself narrow and prominent and 
delicately denticulated. When a valve is viewed from the side, the carina appears 
to follow a straight course. 

The area for some distance from the umbo is directed at right angles to the 
flank. Towards the posterior end of an adult specimen the carinal angle becomes 
slightly obtuse. The median carina is well deveJ.oped and is in the form. of a sharp 
ridge in the anterior half of the area, but when traced posteriorly it becomes much 
blunter and broader. The surface of the area between the marginal and median 
carinm is flat or slightly convex ; between the median and inner carin re (its broader 
part) it is concave. It is ornamented throughout by delicate longitudinal raised lines 
which are finely denticulated ; their exact number is unknown. At 25 mm. from 

the umbo there are about five ornamenting lines between the marginal and median 
carinm, and a larger number in the other portion of the area. The area is also 
crossed by transverse ridges . The inner carina ij  well raised and is denticulated. 

The escutcheon is relatively short, and is well depressed. 1.'he centra.l tooth of 
the left valve has a narrow and well drawn out posterior spur. 

Dimensions : -

(a) Length from middle of frontal margin to  posterior 
angle . 

(6) Length along marglIlfA.! carina 
(c) Length c� escutcheon 
(d) Greatest depth of a single valve 

(1) 

50 
52 
20 
14 

(2) 

50 mm.  
54 " 
2 0  " 
1 5  " 

Occurrence.-This form has been found in upper Charee beds at a locality 
north-west of J ara, and at Wanda in association with Rhynchonella fornix. 

Remarks.-This sparsely represented Trigonia is chiefly characterised by the 
oblique elongation, the straight carina, the forward position of the umbones, and the 
sharp carinal angle. The specimens at hand are indifferently preserved, and none shows 
a complete outline of the shell. The specimen selected for illustration is posteriorly 

incomplete. The cardinal margin was 'Originally slightly longer, while the orna­
Plents of the area have become almost completely obliterated. Allowing for these 
imperfections, the general aspect is well shown by this specimen . 

This form is Dot unlike selected specimens of T. tenuicosta, Lyc ./ espeoially 
in the elevated figure, the position of the umbones, and in the straight cariM,. 

1 J .  J.,ycett. Mon. Brit. '081. Trig., p. 160, PI. 33 (1877). 
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and sharp carinal angle ; but it is well distinguished by its weaker convexity, narrower 
area, and shorter' escutcheon. 

P. Stelzneri, G ottsche,l from Espinazito, Argentine, which has a similar outline 
and sharply inclined area, differs by having the umbones less anteriorly situated, and 
by the strong anterior inflation, as well as in other points. 

P. elongata, Sow., 2 w hich at times h88 an outline not dissimilar from that of 
T. acuta, has a more elevated figure, very much coarser sculpture; a much broader 
area, and a broader and relatively longer escutcheon. 

TRIGONIA DHOSAENSIS, nov ., PI. I II, figs. 1, 2 .  

IJelJcription.-The shell has a convex: form and almost ovate outline, though 
somewhat truncated anteriorly. The umbones are situated at less than one quarter 
of the shell's total length from the foremost point. They are not strongly prominent 
and are only moderately incurved and slightly recurved. The cardinal margin 
slopes backwards very gently from the umbo and is rather shorter than the siphonal 
margin. The latter is slightly convex in profile. The frontal margin falls very 
steeply from the umbo ; its outline is very slightly convex in the upper half and 

passes below somewhat abruptly into the long and gently convex inferior margin. 
There is a slight indentation at the margin corresponding in position with the ante­
carinal space. The greatest height falls at the umbo and the greatest convexity is 
attained at about the middle of the valve. 

The costro of the flank are narrow and well raised and are slightly swollen at 
their posterior extremities. They are gently curved as they pass across the flank and 
slightly bent down again at a short distanoe from the frolltal margin so that, for the 
most part, they approach the antel'ior border almost at right angles. N ear this 
border, where they are crossed by steep growth-lines, the costro have a slightly 
broken or wavy character. In a specimen 35 mm. in height (me'lsured from the 
umbo) there are twenty-three flank ribs , whose widest interspaces measure 2 mm. 

in breadth. In the left valve there is a well-developed, smooth ante-carinal space of 
shallow concave form. A t a distance of 15 mm. from the umbo the space is 3 mm. 

in width ; at 35 mm. from the umbo its breadth is 4 or 5 millimetres. In the 
right valve there is also an ante-carinal space separating the posterior terminations 
of the l'ibs from the marginal carina, but it is narrower than the oorresponding space . 
in the opposite valve. At a distance of 25 mm. from the umbo the space in the 
right valve slightly exceeds 2 mm. in breadth. It is most deeply depressed at the 
rib·terminations, and from here slopes up uninterruptedly to the summit of the 
carIna. 

The marginal carina is in the youthful stage Darrow and prominent, and it 
increases somewhat rapidly in breadth as growth advances. I n  the adult it is 

· 1 C. Gottsche. Ueber jurass. Verst. aua der argentinischen Cordillere . Palmoutographica, Suppl. III, Lief II, 
Heft 2, p. 25 (1878). 

2 J, de C. Sowerby. ¥in. Conch., Tab. 43 1 (1823) ; allo J, Lycett. Mon. Brit. Foss. Trig" p. 154, Pl. BO (i877). 
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coarsely ornamented, at least in the right valve, by well-spaced tubercular promi­
nences which correspond in number with the costre of the flank . . 

. 
The area in each valve is divided by a well-marked longitudinal groove into 

approximately equal parts in the adult ; in the youthful stage the portion of the area 
between the marginal carina and median groove- is narrower than that between the 
groove and inner carina. In the adult, the lower half of the area has a conspicuousty 
convex surface, but is more flattened above the median groove. 'Ihe whole area is 
ornamented by fine, longitudinal, raised lines which are rendered very delicately 
nodose by the decussation with numerous raised lines of accretion which are parallel 
to the siphonal margin. At a distance of 25 mm·. from the umbo there are seven longi­
tudinal ornamenting lines below the median groove, and seven above it. The angle 
formed by the area and flank is posteriorly very obtuse . 

The inner carina is narr()w and well defined. The escutc'heon is relatively 
broad, well sunk near the inner carina, and more raised up towards the cardinal 
margin. Its surface is devoid of sculpture and is crossed only by obliquely directed 
lines of growth. The ligament pit is of narrow lanceolate form. The pit extends, 
back for a distance slightly exceeding one-third of' the length of the escutcheon ... 

J)imensious' ;-

(1) (2) (3) 
(a) Length from the middle of the frontal 

margin to the posterior angle 2'8 30 S 9 mm' •. 

(b) Length along margina.l carina 28 30' S !} " 
(c) Height measured from the umbo 23 2�  34 JI 

(d) Length of escutcheon 17 " 
(e) Greatest depth of a single valve 9 ' 1 3 " 

Occurrence.-This form occurs· in the upper part of the Cha,ree series, and has; 
been colleeted north of Dhosa. It is · sparsely represented in the collection. 

Remarks.-This is a very well characterised member of the Costatre, whient 

may be readily distinguished by several peculiar features., The convex area con­
tributes to' the general appearance of rounded inflation which gives the shells' a 
character of their own. The width of the ante-carinal space in the left valve, and,.the· 
presence of a corresponding though narrower spaee in the right valve, are not 
common features in the Costatre, though present in other forms from the Charee' 
group (T. brevicostata, T. niti'da) as well as in certain. European shells, such as� 
:1". inte rlaJvigata, Quenstedt. More characteristic are the slight swellings of the' 
flank-ribs at their posterior ends and the well-spaced tubercles of the ' marginal' 
l�a.rina which correspond in number with the costro. Further, there is , the' delicate' 
nature of the inter-carinal ornamentation. 

It is not improbable that the' coarse ornaments of the marginal carina are' 
developed in both valves. The only specimen of a left valve at hand in which the: 
carina and area are exposed (illustrated in Plate I II, fig. 1 )  has ·  suffered somewhat 
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from weathering, and the ornamentation of the carina has become in some measure 
{)bliterated. Th e carina in this specimen is posteriorly broad and blunt, which may 
he a normal fp..ature, though on the other hand it  may owe this character in some 
measure to ill preservation . It is. of course possib le  that there is a marked differ­

ence in the strength and ornamentation of the carina in the two valves, but with the 
material available for study it is not possible to speak definitely on this point. This 
specimen is also broken posteriorly, so that a portion of the cardinal margin is 
absent and the outline of the siphonal margin is also not preserved . The correct 
form of this may be traced by following the l ines of growth which traverse the area. 

In the specimen illustrated in fig. 2, the cardinal margin and the upper part of the 
siphon al margin are not preserved. In spite of the imperfections of the material 
available, the distinctive features of this well-characterised form are satisfactorily 
.5hown. 

T. dhosaens·is is well distinguished from the remaining Costatre of dutch , and I 
am not ac quainted with any European member of the section with which it can be 
brought into close comparison. 

Compared with T. Moorei, Lycett/ from Champion Bay (Greenough River) 
in V\Testern Australia, T. dhosaensis is seen to be of essentially similar aspect. Both 
these T?�igoni(£ are characterised by a rounded, even convexity of form, while the 
general shape and outline are practically tlie same. The ante-carinal space is hi. 
like manner developed in both valves, and is of similar relative breadth. Compari­
son with well-preserved individuals of T. Moorei in the British Museum (Natural 
History) 2 shows that the form and breadth of the escutcheon is alike, and also the 
relative breadth of the area and its convexity of surface. The closeness of the ribbing 
in T. Moore·i is somewhat variable, but there are specimens in the British Museum 
which quite match our Cutch examples in this respect. Another important point 
of agreement is seen in the raised compressed tubercles on the marginal carina, which 

eorresponu in number with the ribs of the flank. This close agreement of main 
features strongly suggests a�nity between these two forms. Certain points of 
difference are at the same time noticeable. The whole ornamentation of T. Moorei 
is more salient, even allowing for imperfect preservation in T. dkosaensis. The 
·sculpture of the area is decidedly coarser in T. Moorei, especially that of the right 
valve, and the contrast in the ornamentation of the opposing valves is more marked 
than in T. dhosaensis. In the latter, the slight swelling at the posterior end of the 
flank ribs is more marked than in the Australian form, in which they are very 

slightly developed or even absent. T. dkosaensis, when viewed from the front, 
appears to be slightly more inflated ; its flank ribs approach the frontal margin 
almost at right an gles and have a wavy character near their anterior terminations, 
where crossed by lin es of growth. Those of T. ll100rei rise steeply on the frontal 
face t.o form a very acute angle with the valve margin, and since they here run s() 

1 J. Lycett, [note on T. Moorei] in C. Moore's " Austral ian Mesozoic Geology aDd Palaontology." Q::art. 
J ourn. G eo}. Soc., Vol. X XVI, p. 254, PI. XIV, figs. 9, 10 (1870). 

' Specimens registered &7721 aHd L. 7942, besides others witllout register nu mbers . 
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nearly parallel with the margin , the intercrossing of growth-lines scarcely affects 
their symmetry . The well-spaced tubercular processes on the marginal carina of 
T. Moorei are similar to those of the Indian shell at a corresponding growth-stage, 
though slightly more compressed in form ; but towards the posterior end of full-grown 
specimens they become more flattened and lamellar" in character and are in part con­
tinuous with prominent transverse ornaments of the area. In T. Moorei, also, the 

last-formed costro of the Hank of a full-�rown specimen may be weakly produced 
across the ante-carina l  space. It is, however, possible that these late growth-stages 

are not represented in the few specimens of T. dhosaensis available for study, which 
are considerably sm aller than the largest individuals of T. Moorei with which they 
have been com pared . 

TRIGONIA  NITIDA, nov . � PI. III, figs. 3, 4. 

Description.-'l'he shell has an almost ovate outline and is moderately inflated. 
The umbones are situated at almost one-third of the shell's total len gth from the 

foremost point. They are not very prominent, and are well incurved. The cardinal 
margin slopes back very gently from the umbo with a straight or slightly concave 
outline. With this the siphonal margin, " which is convex in profile, forms a very 
obtuse angle. The siphonal margin is sltghtly longer than the cardinal margin. The 

frontal margin forms a boldly convex outline and passos below without sudden break 
into the elongated and gently convex inferior margin, which is very slightly inden­

ted at the lower termination of the ante-carinal groove. The greatest height falls at 
the umbo. 

The costro of the flank are narrow, well raised, and gently curved. They rise 
towards the anterior margin and turn again slightly so as to approach tile valve­
border almost at right angles . In a specimen 23 mm. in length and 19 mm. in height 
(measured from the umbo) there are 18 costoo. In the left valve there is a well­

developed ante-carinal groove separating the posterior terminations of the costro 
from the marginal carina. The groove is in the form of a concave runnel, and in· 
creases very slowly in breadth with progressive growth ; at a distance of 20 mm. 
from the umbo it has a breadth of 2 mm. There is likewise an ante-carinal groove in the" " 
right va lve , though narrower than that of the left valve. In the right valve, a rib 
may occasiona lly encroach upon the groove so as to touch the carina. The widest 
interspaces separating the flank -costro are 1·5 mm. in breadth. 

The marginal carina of the left valve is narrow and well raised, and delicately 
denticulated. In the youthful stage the carina is very narrow and slender, with 
steep anterior flank . At 20 mm. from the umbo it has a broader and blunter form. 
The carina of the right va lve is broader and more robust than that of the left 
valve, and its anterior flank is broader and less steeply sloped. It is also finely 

denticulated. 

The area is steeply inclined to the flank only in the immediate neighbourhood 
of the umbo ; the carinal angle becomes posteriorly very obtuse. In both valves 
there is a very delicate and weakly prominent median carina only in the youthful 
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stage. At less than 10 mm. from the umbo it becomes a scarcely noticeable feature. 
A definite longitudinal median groove is likewise present in each valve, and is 
persistent. Adjacent to the marginal carina of the right valve is a smooth and well­
impressed groove, which, with closed valves, corresponds in position with the carina 
of the opposing valve. At a distance of 15 mm. from the umbo there are in each 
valve five delicate, longitudinal, minutely nodose ornamenting ridges or raised lines 
below the median groove, and six or seven above the groove. Numerous transverse 
growth-lines decussate with the longitudinal ornaments and contribute to their 
delicately nodose character. The inner carina is in the form of a very slender, minutely 
nodo se ridge . 

The escutcheon has an elongated lenticular form. It is well excavated, sunk 
near the inner carina and slightly raised towards the cardinal margin. Its surface 
is traversed by numerous very oblique, delicate, and slightly granular linear ridges. 
The ligament, preserved in the fossil state, occupies a pit which extends backwards 
for about one-third of the length of the escutcheon. 

Traces of the minutely granuIs,r epidermis have been detected. 

Dimensions :-
(1 )  (2 )  

(a) Length from the middle of the frontal margm 

to the posterior angle 1 8  2 3 mm. 
(b) Length along marginal carina 18  2 1  " 
(e) Height measl1red from the umbo 1 6  1 9 )J 
(d) Length of escutcheon 8 10 
( e )  Greatest depth of  a single valve 6 6 " 

Cccurre'l2ce.-Collected north of Dhosa, from upper Charee beds. Specimens 
collected south of Damburka must also be referred to this form. 

Remarks.-It might be supposed that the shells here dealt with represent im­
mature examples of some larger costate form, but the slightly narrower spacing of 
the last�formed costro and the appearance of the carina towards the posterior angle 
in the largest speoimen (Plate III, fig. 3), appears to indicate that adult charaoters 
are amply exhibited, although senility has not been reached. The only costate form 

" from among the Cutch TrigoniaJ to which these shells might be supposed to be rea 
ferable as immature examples is T. dhosaifnsis, but a careful examination shows, in 

reality, wide differences. At a distance of 20 mm. from the umbonal apex, the ante­

carinal space is considerably wider in T. dhosaen8is than in T. nitida. T. nitida 

also laoks the slight swellings of the costm at their posterior ends, and the well-spaced 
ornaments of the carina are wanting. 

TRIGONIA sp. 

Two specimens, one from a locality south of Lodye and the other from Dhosa, 
come from Charee beds, most probably high up in this group. Both specimens are 
left valves somewhat ill preserved, and appear to be chiefly characterised by their 

, 
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oblique elongation (in the direction of the marginal carina) and the very fine sculp­
ture of the area. They have a general similarity to T. ckariensis and T. prop'nqua, 
hut can hardly be united with either of these. 

The ribs of the flank are well spaced. The marginal carina is narrow and pro­
minent in its anterior half, and becomes broader and more swollen posteriorly. It is 
delicately dentioulated and posteriorly crossed by closely crowded ridges continuous 
with those whioh pass across the area parallel to the siphonal margin. There is 8 

narrow 'ante-carinal groove. The area is flat or slightly concave below the median 

carina, and more strongly concave above it. The median carina is very narrow 
though prominent in its anterior half, and delicately denticulated. The longitudinal 
ridges are likewise of a very delicate character. At a distanoe of 35 DlDl. from the 
umbo there are eight of these above the median carina and six below it. The whole 
surface of the area is crossed by very numerous, ' crowded and well-marked, raised 
transverse lines, which, by decussating with the longitudinal ridges, give the latter a 

delicately nodose ornamentation. The transverse lines become the more dominant 
feature posteriorly. The inner carina is well raised, narrow and sharp. It is deli­
cately serrated by the transverse raised lines which pass from the area to the 
escutcheon. 

The escutcheon is well sunk towards its margin at the inner carina and rises 
slightly towards the cardinal margin . Its surface is obliquely crossed by numerous 

delicate, raised lines which have a minutely wavy character. 
. 

Dimensions :-
(1) (2) 

(a) Length from the middle of the frontal border to the 
postel'ior angle 52 45 mm. 

(b) Length along marginal carina 55 48 " 
(e) Length of escutcheon . 25 " 
(d) Height from middle of escutcheon to the inferior 

margin IiO . . .  " 

(e) Greatest depth of a single valve 13 14 " 

.Rema�k8.-The inclination of the area to the" flank is similar to that in 
T. ckariensis. The number of the ribs of the Hank, and their spacing, is also similar . 
to that of T. charienl!is, but in the latter the ornamentation of the area is of a dis­
tinctly coarser character and the escutcheon is relatively longer. 

These shells more closely resemble T. propinqua in the fine sculpture of the 
area and in the length of the escutcheon, but are more obliquely elongated and have 
less numerous and more widely spaced flank- ribs, a still more delicately ornamented 
marginal carina, and still more minutely granular ornaments on the area. With 

the limited and imperfect material at hand it is impossible to speak more definitely 
regarding the probable affini�ie8 of the specimens here noted . Although they are 

in all probability perfectly distinct from both T. chariensis and T. propinqua, it is 
to these forms above others that they appear to bear the strongest general 
resemblance. 
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TRIGONIA TENUIS, nov., Pl. III, figs. 5, 6 . 

.Desct-iption.-The shell has an elongated ovate outline and relatively slight in­
flation. The valves are compressed in form and posteriorly well drawn out. The 
umbones are situated at about one-quarter of the shell's length from the foremost 
point. They are obtuse and not strongly prominent, and are only weakly incurved 
and very slightly recurved. The cardinal margin is long, and almost straight in 
outline. It slopes back gently from the umbo ' and forms an obtuse angle with the 
siphonal margin. The outline formed by the latter is straight or very gently convex. 
In front of the umbo the valve-margin bulges forward to form a sweeping convex 

outline. The inferior margin is long, and gently convex in outline . The greatest 

height is at the umbo. 
The costre of the flank are deiicate and closely crowded, and have little pro­

minence. In a specimen 25 mm. in height (measured from the umbo) the oostoo' 
exceed 30 in number. They curve very gently as they pass across the flank. They 
rise anteriorly very slightly, and approach the anterior border almost at right 
angles. Close to this border, a few very short supplementary eostre, measuring one 
or two millimetres in length, may sometimes be intercalated between the others. 
The spacing of the costro is at times somewhat unequal ; the widest interspaees do 

not exceed one millimetre in breadth. With senility, a closer crowdin g of the eostre 
occurs. Posteriorly, the costro in either valve cease abruptly at the margin of a well­
defined ante-carinal groove. In the left valve this has the form of a smooth concave 
runnel with a breadth somewhat exceeding one millimetre at a distance of 20 mm. 

from the umbo . In the right valve the groove has a narrower linear form. 
The marginal carina is relatively weakly developed, and has little prominence 

in the left valve. In the youthful stage it is narrow and delicate, but with progres .. 

sing growth acquires greater breadth, and in mch manner that the a.nterior flank of 
the carina is flat and broad, sloping down into the ante·carinaI groove, while the 
posterior flank remains very narrow. The crest of the carina is blunt. In the right 
'Valve, the carina has slightly greater prominence ; here, too, the flattenttd anterior 
flank much exceeds in breadth the posterior flank. In both valves the carina is 
delicately ornamented by a closely arranged transverse grooving, forming a fine 
linear striation on the ' broader anterior slope and passing over- the crest. These 
ornaments are rather more marked in the right valve than in the left, and towards 

the posterior end of a full -grown specimen, when the carina has acquired a broad 
rounded form, they become more conspicuous and are seen to be continuous with the 
minute transverse ornaments of the area. 

The area in the adult is inclined to the flank at an obtuse angle, with respect to 

which there is considerable variation. The surface of the area is usually gently 

convex. In the right valve a post-carinal groove is sometimes present, sometimes 

ahsent. In this valve a v ery weak and narrow median longitudinal groove is present 

in the youthful stage, but becomes obliterated with advancing growth. It is never 

a conspicuous feature. In the l eft valve a similar groove is at first present, but is 
J :i 
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scarcely to be distinguished from the other longitudinal grooves of the area. '1.'he 
upper half of the area (between a median groove, if present, and the inner carina) is 
often very slightly depressed, and thus separable from the other half. The orna­
nlentation is very delicate in character. At 2 5  mm. from the umbo there are six 

longitudinal ornamenting ridges in the lower half of the area, and six or seven in the 
upper half. At 10 mm. from the umbo the ridges number about three in the lower 
half and four between the median groove and inner carina. The ridges in the youth­
fuI shell are delicately granular. In the adult stage they are studded with densely 
crowded minute nodes which become increasingly (transversely) elongated towards 
the siphonal margin, and result from delicate transverse ridges which decussate with 
the longitudinal lines. The inner carina is very narrow, delicate and inconspicuous, 
and scarcely differentiated from the longitudinal ornaments of the area. It is granu­
lar or minutely nodose . 

The escutcheon has a very elongated form ; it is slightly depressed where adja­
cent to the area, and gently raised towards the cardinal margin. It is ornamented 
by numerous obliquely-running rows of flattened lenticular granules which have 

their long axes almost parallel to the cardinal margin. 

Dimens-ions :-
(1) (2) (3) (4) 

(a) Greatest length 34 36  39  42 m m .  
(b)  Lellgth alon g marginal carina 32 34 34 39 " 
(c) Height measured from umbo 23 2 7  2 7  28 " 
(d) Length of escutcheon 20 20 23 " 
(e) Greatest depth of a single valve 8 8 8 1 0  I ,  

Ooourrence.- T. tenuis occurs in  the Oomia group, and has been collected at 
Kukrooa, Adooi, between Wasitooa and Adooi, east of Chobaree, and at Wamka. 
A specimen from north-east of Jara may also be ascribed to this form. 

Remarks.-This Trigonia is remarkable for its elongated and compressed form, 
its. numerous, closely crowded and little-prominent costro, its generally delicate orna­
mentation, and its elongated escutcheon. It occurs at some of the above localities 
in association with T. Smeei, but does not appear to have b een found accompanying 
T. ventricosa. The features here noted, together with the posteriorly very obtuse 
carinal angle, the position and relative weakness of the umbones, and the convex 
frontal profile, combine to give T. tenuis a very characteristic appearance. There 
is no other member of the Costatro with which close similarity is shown, although 
there is to some extent a general resemblance in certain characters to some European 

forms. 
T. hemisphce'fica , Lye.,! from the Inferior Oolite of England, is also remarkable 

for its fine and closely crowded costro . T. tenuis differs from this by its more elon­
g�ted and less elevated form, the less prominent character and more backward position 
of its umbones, and its very much greater compression. The anterior truncntion 
often seen in T. hemisphce'fiaa is absent ; the anterior margin is, on the contrary, 

1 J. Lycett. M on. Brit. Foss. Trig., p. 174, PI. 31, figs. 4-8 ; PI . 33, figs. �-6 (1817). 
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strongly convex . The area of T. tenuis is relatively narrower and is bounded by very 
finely ornamented and weak carinre, which stand in marked contrast to the elevated 
and coarsely ornamented carinoo of T. hemisphcerica. 

T. tenuis is at once distinguished from T. Etalloni, de Lor. 1 (corallien, north of 
France) , by its less elevated and more elongated form, its more closely spaced costoo, 
and its much more minutely ornamented area and carinoo. From T. barrensis, Buv.,z 

and T. Glasvillei, Mun.-Chalm./ which are considered by de Loriol 4 to be identical , 
T. tenuis differs chiefly in its weaker inflation, its convex area, its more closely 
spaced costoo and more delicate carillal seulpture. 

T. langrunensis, Bigot (bathonien superieur of Normandy) ,  5 has also a strongly 
convex frontal profile and numerous gently curved costoo. T. tenuis differs from this 
by its less elevated form, greater compression, much less prominent umbones, more 
convex and relatively narrower area, and longer escutcheon. T. striatissim a, Bigot,6 
which occurs in Normandy with T. langrunensis and appears to be allied to it, also 
has numerous and closely spaced costoo, but when compared with this T. ten'1-tis 

appears to exhibit with greater emphasis the points of divergence above noted. 
T. tenuis shows a certain. similarity to T. prcecostata, Branco 7 (Ludwigia 

MU1·chisonce beds of Molvingen), particularly in the closeness of the ribbing and in 
the slight inflation of the valves. T. prcecostata has a somewhat shorter fi gure and 
the foremost point falls lower in the frontal profile. Its area, moreover, is very 
much more coarsely ornamented and has much fewer longitudinal rid ges than that 
of T. tenuis . 

TRIGONIA PARVA, nov. ,  PI. III, fi gs. 7, 8 . 

.Description.-The shell is small, has gl'eater length than height, is moderately 
inflated and is posteriorly eloI!gated . The umbones are situated at about one-quarter 
of the shell's total length from the foremost point. They are prominent and well raised, 
slightly incurved and recurved. The cardinal margin is relatively long and slopes 
backwards from the umbo wi th a straight or slightly concave profile. It passes 
posteriorly by a sharp curve into the short siphonal margin. This has a convex 
profile. The frontal margin makes a strongly convex outline and passes bel ow by 
a curve into the inferior margin, which is slightly convex. The greatest height is 
at the umbo. 

The costoo of the flank are of blunt, rounded form, and are closely spaced and 

1 P. de Loriol, E. Royer, et B.  Tomheck. Descr. geol. et paIeont. des etages jUl. sup, de la 1{aute·Marne, p. 313, 
Pl. XVII, figs. 13-15 (1872). Mem. Soo. Linn. Norm., Tome XVI. 

2 A. Buvigniel·. Statistique geol. dn depart. de la Meuse ; Atlas, p. 20, Pl. XVI, figs. 30-32 ( 1852) . 
3 M nnier-Chalmas. Note sur q uelques especes nOllV. du genre Trigonia.. Bull. Soc. Linn. Norm., Vol. IX, 

p. 419, PI. IV, fig. 3 (1865) . 
4 P. de Loriol, E. Royer, et H. Tomheck. Ueser. geol. etagea jure sup. JI'aute·Marne, p. 289 (187�). 

5 A. Bigot. Mem. sur 1es Trigoni8s. Mem. Soc. Linn. Norm., Vol. XVII, p. 287, PI. VIII, figa. l0 -12 • 
Pl. IX, fig. 10 (1892) . 

6 A. Bigot. Ibid., p. 288 , PI. IX, fig. 1 .  

i W. Branco. Der llntere Dogger Deutsch·Lo thringens, p. 119, Pl. VIII, fig. 4 (1884). A�handl. �ur geol. 
Specia.lkarte von EIsB8S·Lothr. ,  Band II. 
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evenly curved. They rise slightly towards the frontal valve· border' and meet this at 
l'ight angles in the youthful shell ; the angle is rather less than this in the adult., 
In a specimen 12 mm. in height (measured from the umbo) the nllmber of costre 
slightly exceeds 20. The thickest costre meas-ure less than one millimetre in breadth, 
while the interspaces are still narrower than the costro. In the left valve there is a 

narrow, well-defined ante-carinaI groove separating the posterior terminations of the 
costre from the marginal ('arina, though it is doubtful whether this is present in 
very young stages. In the right valve a similar groove is to some extent developed,­
but some of the costre may touch the base orthe carina. 

The marginal carina is of rounded, blunt form, and increases in strength rather 
rapidly towards its posterior termination. It has a characteristically curved course. 
1'racps of transverse ornaments have been observed. 

The area is relatively very narrow, and its ornaments are few ana relatively 
Pooarse. In each valve there is a strong longitudinal groove separating the area into 
a narrower superior, and broader inferior portion. In the area of the left valve, 

towards the posterior end of a full-grown specimen, there are two longitudinal ridges­

hetween the marginal carina and median groove ; one similar ridge is situated above 
the groove, just under the inner carina. In the right valve there is only one ridge' 
between the m arginal carina and median groove, and one abOTe the groove. 
�Iinute nodose ornamentation on the ridges has been ovserved. The inner earina 
has a blunt and ro-unded form. 

The escutcheon is relatively very large and has a lenticular outline� Its breadth 
at the widest part is eq ual to that of the area. In each valve its surface- is slightly 
concave, most depressed neal' the inner carina and slightly raised towards tlle' 
cardinal margin. 

lJimensions :--
(1)  (2) (.3) (4 ) 

(4) Greatest length 1 1  1 2  1 4  1 5  m m.-

(6) Length along marginal carina 10  1 1  1 3  13 " 
(e) Height measurt-d from umbo 9 10 '5  1 2  t1 

(d) Length of eseutcheon 8 8 9 8 " 
(e) Greatest depth of a single valve' . 3 4 4 4; " 

Oceurrence.-Collected south by east of Goonaree in Oomia beds; wit.1ll P. veniri .. 
C08a and T. p'U"lchra. 

Bemark,. - Trigofl,ia parva is a remarkable representative of the seotion Costatffis' 
and is very well characterised by several peculiar and constant features. These are 

the outline and posterior elangatio-n, the closely crowded costre, the narrow area, and 
the restriction of its ornaments to three longitudinal ridges at the mest, and finally" 
the relatively very large escutcheon. The curved form of" the marginal and lnner 
carina, and the shortness and convex outline of the siphonaI margin further eontri .. · 

bute to give this shell an aspect of its own. I am not acquainted with any member­

of the section with which it will bear close comparison. 
i'he dimensions attained are much smaller than in. the great majority of the' 
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Costatre, and in none of the numerous specimens at hand are the above-given 
measurements exceeded. The shells are embedded in a very tough, sandy matrix, 

and therefore when exposed or loosened by weathering, the surface ornamentation is 
found in many cases to have suffered from the process. It is probably due to this 
that the csrinm and the ornamenting ridges of the area are in many instances 
smooth. The detection in one or two cases of fine bead-like ornaments, apparently 
partially obliterated by weatl lering, renders it probable that the cannre and ridges 
may have originally been delicately sculptured after the manner of other members 
of the section . The surface of the esc utcheon, in those individuals examined ill 
which it is exposed, is smooth, but it is possible that here, too, ornamentation has 
become obliterated, although no remaining traces of it have been detected. 

T. parva conforms in all its main features with the section Costatre, and it is 
therefore a fact of considerable interest that it is found in company with T. 'Dentri· 

C08a, a member of the Scabrre. 

a. ii. DERIV.A.'l'IVES OF COSTAT£. 

Under this heading I have brought together an interesting assemblage of forms 
which ar.e found only in Oomia strata. In all of these the aspect of the adult shelf 
differs widely from that of the costate types from which I assume them to have 
been d.escended. This assumption of direct descent from forms which possessed 
the typical features of the Costatre is founded on a study of early characters, and of 
the changes passed through during the life of the individual . In all cases except one 
these changes are very striking. 

The descent from costate ancestors having well-developed carinre and longitu­

dinally ornamented area is most clearly indicated in T. Smeei ; this conforms to 
the section Costatre during the youthful growth-period, and these early characteris­
tics are gradually replaced during the advancing growth of the individual. T. cras8(1, 
appears at no stage to show such a complete early differentiation of sculpture. 
This may in some slight measure be due to defective preservation, or it may be that 
the departure from anoestral characters is in this case greater. A comparison of the 

main features of ornamentation with those shown by the adult T. Smeei appears, 

however, to warrant the supposition that these two forms have been derived from 
forerunnel;s� possessing Ilke s�ctional characters . 

Conformity with the differentiated sculpture of the Coetat;e is a.gain shown in 

youthfui stages both in T. cardiniiformis and T. retrorsa. In each case the ob­
literation of the carinre and ornaments of the area is soon accomplished during 
individual growth ; but the resulting adult characters are v ery different. Diver­
gence in their evolution is clearly indicated ; the agreement is closest in early 
growth-stages, and d ifferences become more and more stl'ongly marked. with advanc­
ing individual growth. The common adult character of a smooth ante-carinal 
space in these two forms must be looked upon as possessing no special signiJiean.ce, 
because it is a feature which has repeatedly become independently acquired by 
;members of separate stocks. 
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In Tr.£g onia trapezijormis, which exhibits some remarkable adult features, 

the evidence for descent from Costatre is less satisfactory, probably o wing in some 
measure to the imperfect preservation of the material available for examination. 
Here we have a shell of short and elevated figure with well-marked, smooth ante­
carinal depression,  characters which in some degree recall certain of the Gib bosre 
On the other hand, the ch anges passed through during the life of the individual 
are in some respects similar to those observed in T. Smeei, particularly the replace­

ment of the early longitUdinal ornaments of the area by later-formed transverse 

ridges. The early costate sculptural differentiation and the later simplification of 
ornaments, lead me to regard this form, at least provisionally, as one more case 

exemplifyin g far-reaching modification in a costate stock . 

TRIG ONIA SMEEI, J. de C. Sowerby, Pl. III, fig. 9 ;  PI. IV, figs. 1-3. 

1840. Trigonia Smeei, J. de C. Sowerby, in Col. W. H. Syk�s' " A  Notice l'especting some F08Sils conect�d in 

Cutch by Capt. W. Smee." Trans. Geol. Soc. Lond., Ser. 2, Vol. V, pt. 3,  pp. 715-718, PI. LXI, 
fig. 5. 

1879. Trig onia 8meei, H. B. M edlicott and W. T. Blanford. A Manual of the Geology of India, PI. XII, 
fig. 11 .  

Description.-The shell is of elongated oval form ; it tapers posteriorly, and 
its frontal margin forms a sweeping convexity. The umbones are not strongly 
conspicuous, but are well incurved an.d slightly recurved. They are situated at 
about one-fifth of the shell's length from the anterior margin. The cardinal margin 
slopes very gently from the umbo towards the siphon.al border, which in turn slopes 
obliquely and more steeply backwards, to pass by a sharp curve into the lower 
border. The foremost point is to-w ards the lower limit of the frontal margin ; above 
it the frontal margin slopes back towards the umbo, at times with an appearance of 
somewhat marked truncation. The inflation of the shell is variable, but the valves 
are as a rule relatively compresse

.
d. As the full dimensions were approached , growth 

in height took place more slowly in proportion to growth in length, so that specimens 
when full�grown have a relatively more elongated figure than at younger stages. 

The flanks are ornamented by rounded concentric costro, to the number of 20 
to 25 in a well� grown individual, which are for the most part separated by spaces ' 
as broad as, or even broader than, the cost� themseh·es. The costre become narrower, 
more carinate and more closely crowded, however, during the last growth-stage. 
At their anterior extremities the costro taper away without quite reaching the 
frontal valve border, and show before dying out here a tendency to become irregu­
larly ...serrated where crossed by more prominent lines of growth. While, in the 
young shell, these flank costro are quite regular in their course, they may later show 
considerable irregularity towards their posterior terminations . They may here 
become somewhat upwardly deflected before terminating , or may become varicose, 
while at tim es an appearance of dislocation may be produced, or an extra, short 
swollen. rib be in t�rcalat�<t \ . 

. A narrow ante- carinal gro ove is present in both valves, which becomes l� 
clearly marked as it is traced posteriorly. Until more than half the full dimensions 
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are reached the costro of the flank terminate posteriorly at the ante-carinal groove, 
b .... growth proceeds they pass on to the area. The position of the groove is then 
only indicated by a slight constriction in each rib, and, finally, scarcely a trace of it 
is le:et 

A prominent marginal carina separates the area from the flank in the youthful 
portion of the shell. This carina is at first sharp and finely beaded, but at a distance 
of about 20 mm.. from the umbo it becomes broadly rounded and gradually more 
indistinct, while the continuous beaded ridge gives place to a row of more or less 
coarse, rounded knobs. The carina, properly speaking, gradually becomes obliter­
ated as it is traced posteriorly, and in the lower half of a full-grown specimen the 
position it would occupy, if present, is only marked by a change in the valve-sculp­
ture as it is traced from the flank to the area. With the increasing age of the shell 
this differentiation becomes gradually less marked. 

The area occupies about one-third of the valve's surface, and is inclined to the 
flank at an angle which gradually becomes more and more obtuse when traced 
posteriorly.  The ornamentation of the area shows a marked change at different 
stages of growth. For a distance of from 20 to 30 mm. from the umbonal apex a 

distinct, strongly granular or beaded median carina can be traced, bounded inwardly 
by a narrow median furrow, and dividing the area into two approximately equal 
portions, each of which is ornamented by two or three fine, longitud���, stron�ly 
granul�· .. . ridges. The area is inwardly bounded at this stage by a clearly marked 
and finely beaded inner carina. As growth advances, the inter-carinal longitudinal 
ornamenting ridges become more strongly transversely nodose and interrupted, 
until at a distance of about 30 mm. from the umbonal apex they give place to 
numerous and crowded, prominent transverse ribs or costellre, nodose at first, but 
becoming more regular and at last unbroken, as shell-growth advances. These 
costellre, which form a wide curve as they traverse the area, are more than twice as 
numerous as the costre of the flank ; and �hile their outer extremities are for the most 
part separated from the posterior extremities of the flank-costre by the ante-carinal 
groove, in the posterior third of a full-grown individual, costre, as above noted, are 
continuous with costellre. Sometimes two costellre spring from one flank-rib. A 
certain irregularity is observable in the arrangement of the costelloo ; they are not of 
equal strength, and a short one may here and there be intercalated between two 
which completely traverse the area, or an appearance of dichotomous branching 
may sometimes be produced . . 'The median furrow, which is continued with gradu­
ally decreasing distinctness in some cases to the siphonal border of a full-grown 
individual, takes such a course, after the first appearance of transverse costellre, as to 
divide the area unequally into a narrower superior, and broader inferior portion. For 
some distance the costellre are com pletely divided by the furrow, but as growth proceeds, 
the position of the fUITOW is marked by a mere constriction in the costellre, which 
becomes more weakly marked when traced posteriorly. 

The much elongated escutcheon is of narrow lanceolate form, and when favour­
ably preserved is seen to be well differentiated from the area. Its ornaments consist 
at first of numerous laterally compressed granules or minute tubercles, which with 

Q 
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increasing growth become coarser, more elongated, more conspicuous, and arranged 
in lines traversing the escutcheon obliquely, to form a very acute angle with the 
cardinal margin and a very obtuse angle with the costellre of the area. In full­
grown individuals, a portion of the escutcheon posterior to the ligament and adjacent 
to the cardinal border may be devoid of sculpture and marked only by numerous 
and crowded lines of growth. As the full-grown state is approached, the inner carina, 
successively granular and tu�ercular, becomes finally obliterated, and the differen­
tiation between the area and escutcheon becomes at last more ill defined, while the 
ornaments of the former tend to pass over into those of the latter. 

The ligament, in some cases preserved in the fossil state, is relatively large, 

and occupies an elongated lanceolate pit extending back from the umbones for a 
distance exceeding one-third of the length of the escutcheon. 

The cardinal teeth of the left valve are massive and prominent. Those of the 
right valve are elongated and lath-like, and are inclined to one another at an angle 

of about 60°. The posterior tooth closely follows the cardinal border, and exceeds 
in length the anterior tooth ; the latter terminates at the limit of, and defines 
posteriorly, the slightly raised plateau whereon is situated the attachment of the an� 
terior adductor muscle. 

Traces of the minutely granular epidermis have been observed. 

J)imensions :---

(1 ) (2) (3) 
Greatest length 85 95 102 mm, 
Height measured from the umbo 58 60 60 " 
Greatest depth of a single valve 1 8  20 18 " 

Occur'fence.-T. Smeei occurs in the Oornia group, being apparently absent 
from the horizon represented by the Trigonia bed of Goonaree. I t has been found · 
at Kukrooa in considerable abundance. A specimen collected at Wamka is also 
with little doubt to be referred to this form. The speciPlen obtained by Captain 
Smee, described and figured by J. de C. Sowerby, was collected at Shahpoor. 
Wynne also quoted this shell from the country west of Trummo/

.
and from a lOQaJ. 

ity to the east of Chobaree in Wagur.2 

Remar ks.-In addition to the above known distribution of this fossil, it has 
been quoted 3 from Bururia in Cutch, and it has also been stated to be one of the two 
TrigoniaJ obtained by Kin g from an outlier of the Tripetty beds � to the north of 

Coconada on the south-east coast. 
After a study of Dr. Stoliczka's field notes relating to .the geology of Cutch, 

1 A. B. Wynne. Memoir on the Geology of Kutch. Mem. Geol. Surv. Ind., Vol. IX, p. 128 (1872). 
2 ibid., pp. 128, 130. 
3 o. Feistmantel. Fossil Flora of th� Gondwana System, Vo1 . II, p. XX XVII. Palreont. Indica, Sera IX. 

(1880) • 

.. Ibid.j see also Medlicott and Blanford. A Mfonual of the Geology of India, lilt Edition, Pt. 1, 
pp. 148, 244 (1879). 
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Dr. Blanford 1 wrote as follows : " His views were precisely the same as Mr. Wynne' s 
and my own ; he determined that the plant beds form the highest member of 
the jurassic series, that they pass down into the beds with marine fossils of the 

U Mia group, and that in some places bands of these marine fossils, especially 
T. Smeei and a T1'igonia 3 closely allied to the cretaceous T. tuberculifera of 
Southern India, are intercalated in the plant -bearing group. " Dr. Blanford,S in 
further drawing attention to the occurrence of T. Smeei in beds situated above plant­
bearing strata in the Oomia grou p, wrote as follows : " The only marine fossil 
known to be found above plant beds is T. Smeei (I am not sure whether T. ven­

tricosa accompanies it or not) ,  and there is no reason why this speoies should not 
range into lower cretaceous." Again, when dealing with the Oomia group, the 
same author 4. says that " f. Smeei, the most typical fossil of the gr()up, 4as 
been found in places, as near Vigor, 40 miles north-west of Bhtij, in beds near the 
top of the group and well above the horizon at which most of the plant fossils have 
been obtained." It is doubtless due to a slip of the pen that T. Smeei has more 
recently been referred to 6 as a ,� South African U itenhage species." 

The precise range of T. Smeei in the Oomia group is not clearly evident, but I 
have been unable to find any proof that it is known to occur in company with 
T. ventricosa. I cannot be certain that the above- quoted remarks have reference 
to the true T. Smeei. Although it is a shell which should offer no difficulty in 
recognition, it is quite conceivable that it might sometimes have been confounded 
with T. cra88a (described below) , a form to which, if elongated individuals be 
selected, it may bear no slight resemblance. Wynne, however, clearly recognise(l 
their distinctness. These two Trigonim have not been recorded as occurring in 
association with one another, and appear to be known exclusively from separate 
localities . Notwithstanding the statement that T. Smeei is the most typical fossil 
of the Oomia group, it is much more sparsely represented in the Survey collection 
than T. cra88a ; and although it may occur in considerable profusion at some 
localities, as, for instance, to the east of Chobaree, T. crrassa is also very numerous 
in certain places. 

The most characteristic features of T. Smeei are its elongated form and the 
marked change which takes place during the successive growth -stages of the shelL 
'rhe change is to be seen chiefly in the gradual modification of the ornamentation of 
the area, and in the tendency towards the obliteration of marked distinction betweQU 
the sculpture of the area and flank, accompanied by a dwindling line of demar� 

cation .  
Lycett 6 referred to this fossil as a member of the section Costatre, and call�d it 

" a  large, lengthened, and oblong form, distinct from all others ." It was similarly 

1 w. T. Blanford. Note on the geological age of certain groups comprised in the� Gondwana series of India. 
etc. Rac. Geol. Surv. Ind., Vol. IX, Pt. 3, p .  81 ( 1 876) . 

2 [ Referring to T. vent,.icosa, Krauss . ] 

3 Palreontological Relations of the Gondwana System. Ree. Geol . Surv. I nd., Vol . X I , Pt. 1, p. 119 (lSiS).  

4 A Manual of  the Geology of India, 1 st Ell ition,  Pt.  1 ,  p. 259 (1879 ) .  
� A Manual o f  the Geology o f  In dia, 2nd E d ition , revilled by R .  D .  Oldham , p .  1 8 2  ( 1 893). 
6 J. Lycett. Mon. Brit. Foss. Trig., p. 224 ( 1879) . 

a 2  
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regarded by Gottsehe/ who included i t  i n  a list of extra-European Costatoo. I t  
dev iates, nevertheless, i n  D1arked man ner from the shells usually classed in this 
seciion, in which it can scarcely be included unless Lycett ' s own definition be con· 
�iderably modified. To thus expand the limits of tIus sectional division would be 
inexpedient , and it would be equally inadvisable to so extend the section as to in­
elude other Oomia forms here describ ed which from the evidence of early characters 

alone appear to have close affinity with the nornlal Costatoo. But Lycett at least 

rightly judged the affinities of T. Smeei, and a study of its youthful characters only 
perlnits the conclusion that it is a derivative of forms which possessed the typical 

features of the Costat::c, as usually understood. In indjviduals which even somewhat 
exceed 30 mm. in length, the regular, plain ornamentation of the flank, the well­
marked marginal carina , the highly differentiated area, with its fine longitudinal 
ornaments, median carina and groove, the inner carina and well-marked escutcheon, 
-all these form a combination of characters to be fou nd only in typical Costatoo. 
The relations of length to height are also at an early stage more compatible with 
shells of this section, and the subsequent transformation and far-reaching modifica­
t ion in so many important points, exhibited by the shell during the passage to . adult 
and senile stages, appears therefore the more remarkable . The typical sectional 
characters of the Costatre may be said to have become abandoned in T. Smeei during 

the life-development of the individual, and in so far as the once well-marked 
differentiation of the shell-sculpture becomes lost and is replaced by a vastly simpler 
and apparently more primitive type of ornamentation, a degeneration is illustrated . 

T. cra8S((. shows in still more completc luanner a change i n  the same direction, 

and exhibits a more remarkable departure from the characters which marked the 
ancestry from which it may be supposed to have sprung. Its more complete loss 
of sculptural differentiation is apparently of a kind essentially similar to that of  
T. Smeei, and may be supposed to have been brought about, though possibly inde .. 
pendently, by exposure to similar conditions. A comparison of T. Smeei and 
T. C'l'a88a will be found in the remarks appended to the description of the latter. 

TRIG ONIA CRASSA, nov . , P I. IV, figs. 4- 6 ; PI. V, figs. I-Sf, 

.Descrip tion . -Thc shell is large, massive, and of elongated, bluntly trigonal 
form, with somewhat abrupt anterior truncation. The relations of height to length 
vary considerably . The umbones , situated close to the anterior margin, are 
prominent and very slightly recurved. The cardinal margin slopes back from the 
umbo towards the si phonal border to form a straight� or more usually gently 
concave, �llperior shell-outline. The siphonal border is more or less rounded 
and oonvex in outline. The foremost point is often situated about the middle of the 
frontal border, though sometimes nearer to its lower limit. The fronta l  marg i n  is 

concave, �llperior shell-outline. The siphonal border is more or less rounded 
and oonvex in outline . The foremost point is often situated about the middle of the 
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almost vertical truncation . Th� inflation of the shell is variable ; the flanks are 
at times somewhat flattened, at times more convex. 

In the young shell a well-marked , beaded marginal carina with ante-carina I 
groove in each valve marks off the area from the flank. At a distance exceeding 
10 mm. from the umbo, however, the carina becomes obsolete and broken up, 
to be replaced only by the coarse terminations of the costelloo of the area. A s  
w e  trace i t  posteriorly, the ante- carinal groove persists as a definite rill for a. 

distance varying in different individuals, but before the shell has attained half 
its full dimensions , the costoo of the flank and the costellre of the area are 
no longer separated, and the existence of the gradually disappearing groove, if 
still present, is marked only by constrictions of the ribs. At a later stage all 
signs of the groove are absent. 

The flanks are ornamented by broad, prominent, rounded concentric costro to the 

number of 20 to 2 5  i n  a full -grown individual. The costoo show considerable variation. 
They are usually very gently curved, being parallel to the lower border, and are 
most ly separated by flat interspaces as broad as, or rather broader than, the costm 
themselves. Towards the inferior margin of a full-grown specimen they become 

narrower, more closely crowded, and separated by narrow interspaces . While in 
some cases regular and uninterrupted in their general course, the costro may at 
times show considerable irregularity. At the frontal border, for instance, towards 
their anterior termination, when the last-formed rib s often turn upwards to follow 
the direction of the shell margin, two ribs may coalesce and have a single 
termination. Sometimes, in a full-grown individual ,  no ribs quite reach the frontal 
border, and the majority may taper away somewhat irregularly towards their 
anterior termination. On the flank itself there occur more striking irregularities 
of arrangement. Two ribs may occasionally coalesce, to be continued as a single 
one ; or a rib may become interrupted in its course and it may appear as though 
a portion of it, perhaps �O mm . in length, has become raised up, as it were, to 
occupy the superior adjacent interspace. Sometimes a series of such interruptions 

may be seen in several successive ribs in the middle of the flank, and more than 
one such apparent displacement may occ�r in the course of a single rib. The 
short, apparently dislocated rib-portions usually have attenuated extremities. So 
long as a m�rked ante-carinal groove is developed the costro terminate p081leriorly 
here, but in the lower half Qf a full-grown specimen they are more or less in 
continuity with the ornaments of the area. While often breaking into two or three 
costellro, they also continue at times as single, unbroken ribs across the whole 
extent of t.he area, and even encroach upon the escutcheon. 

The area, which occupies rather less than one-third of the whole valve­
surface, is ornamented by well-marked obliquely transverse costellre, which 
number about half as many again as the costre of the flank. In the young 
shell a definite median furrow is present, which, though becoming more indistinct 
as shell-growth advances, may, in favourably preserved examples, be traced with 
decreasing definition for more than half the length of the full- grown shell. At 
first a definite groove, it is for the most part only traceable as a narro w depression 
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or constriction in the successive costelloo. The �ostelloo, where adjac,ent to  the­
ante-carinal groove, are broad . They curve forward quickly from here to pass 
obli quely across the area, and become narrower and more attenuated in form 
as the middle of the area is approached. Considerable hTegularity of arrangement 
is shown. During the passage from their outer extremity (adjacent to the antem' 
carinal sulcus) towards the centre of the area, two costellre may become united and 
continue as one . On the other hand, a single costella may soon give rise to two. 
The differentiation b etwoon flank and area becomes much less marked in the 
posterior half of a full-grown specimen. There is here often a noticeable irregularity 
in the size of the costellre, and towards the posterior extremity a few short ribs may 
be intercalated which occupy a position partly on the flank and partly on the 
area. 

The escutcheon is narrow and very elongated . It is in most cases weakly 
differentiated from the area, and while sometimes defined by its slightly depressed 
form, it is often only traceable by the nature of the ornamentation. The sculpture 
consists of a few very obliquely placed narrow ridges, the prolongations of certain 
of the costellre of the area. There is no trace of an inner bounding carina. 
The costellre become more attenuated as they approach their termination at the 
cardinal margin, with which they form an acute angle. In full-grown individuals 
a narrow portion of the escutcheon, situated posteriorly, and adjacent to the' 
cardinal margin, may be devoid of ornaments and mark ed only by closely crowded 
lines of growth . 

The ligament occupies a narrow elongated groove extending back almost to the 
middle of the escutcheon. 

The cardinal teeth of the left valve are very massive and prominent. The 
central tooth is deeply indented below, and the transverse lateral grooves are coarse . 

The posterior accessory muscular impression is deep. The anterior adductor attach·' 
ment is deeply excavated and, together with the anterior tooth, is situated upon 
a strong platform or bracket which also gives partial support to the central tooth. 
The positions of the inhalent and exhalent currents are marked by the development 
of a short, blunt :ridge which separates them. The teeth of the right valve are deep 
and lath-like in form. The posterior tooth, which is placed parallel to the cardinal 
margin, exceeds in length the anterior tooth, and forms with it an angle of 
about 60.). 

Dimensions :'-

(t) (2) (8) (4) (5) (6') (1) (&) 

Length • 75 75 92' 1 02,' 102' 102 105 11O'mm� . 
Height measured from 

the umbo • 50 55 60 60 6'5 75 84 74 JI" 

Height a.t the middle 
of the shell 48 58 62 i)·5 60 68- 13 60 ., 

Greatest depth of a 

lingle valve . 1 8  18 20 22 23 25 18- - . 
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Of the shape variations, the elongated form is represented in the above table 

by specimens (1) , (4) and (8) . Numbers (2) and (6) illustrate the medium form, and 
number (7) the short form. 

Occ�trrence.-This abundantly-occurring Trigonia is represented in the collec­
tion by a large number of specimens obtained from Oomia strata north-east of 
Goonaree, north-east of Oomia, and at Huroora. It is accompanied by T. ventricosa, 
T. spissicostata, T. 'raamiUata, and other forms. 

Re1narks.-Wynne recognised T. crass a to be a form distinct from · T. Smeei. 
Speaking of the fossiliferous beds near H uroora he says 1 that " on the road to 
J oonacha, a large Trigonia, like T. Smeei, occurs in weathered sandstone beds 

overlying black shales." Again 2 he refers to the occurrence of this shell at Oomia 
in " a  peculiar green , earthy, strong-bedded sandstone, full of earthy, tubular casts. 
'The bedding surfaces are studded with large specimens of Trigonia closely allied 
to, but specifically distinct from, T. Smeei, and a Trigonia almost identical 
with the South African ventricosa of Krauss. " 

T. crassa is a very variable shell, and I was at first under the impression that two 
. distinct forms are represented by the material here treated as one . But a careful 

examination of this abundant collection shows that even the most widely divergent 
individuals are separated by no definite line, and may easily be  connected by a series 

showing intermediate characters. The shells vary in two principal directions, and 
the ohief points of difference are seen in the relations of length to height. At the 
one extreme the shell has an elongated figure with diminished relative height ; in the 
other direction the outline is much shorter and more stumpy. The appearance of 
greater height and shortness might be accounted for in the case of certain full-grown 
specimens by the mode of growth exhibited when senility is reached. A relati�ely 
greater increase in height then appears to take place, and material becomes added at 

the lower border more rapidly in proportion to the growth in length than at earlier 
growth-stages. At the same time the costro become narrower in form and closely 
crowded together, as seen in Plate IV, fig. 5, and Plate V, fig. 1. A senile state is 
nevertheless not always responsible for this appearance of relative shortness and 

height, for certain individuals, which by the nature of the rib bing towards the in­
ferior margin appear to have reached this stage, retain a relatively more slender 
figure. At varying dimensions the broad differences of outline in distinct individuals 
may be well seen and contrasted. The ornamentation is no less variable, but · an 
attempt to correlate peculiarities of rib -arrangement with characters of shape and 
outline has met with little success. 

The ribs vary in number, in size, and in the manner in which they depart from 
a regularity of arrangement. The curious interruptions which are often seen in the 

. course of the ribs as they pass across the flank (so well shown in PI. IV, fig. 5, and 

PI. V, fig. 3) may be present in varying number, or may be absent, and are not con­
fined to individuals of either the elongated or shorter form. The relation of the rib� of 

1 A. B. Wynne. Goelogy of Kntch. Mem. Geol. Sarv. Ind., Vol. IX, p. 224 (1872). 
' Jbid., p. 225. 
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the flank t o  those of the area is also very changeable, but even with the abundant mate .. 
rial at hand it seems impossible to establish any certain connection between this and the 

shape-variations of the shells. It is true, however, that certain specimens of elongated 
figure possess a relatively larger number of ribs on the area than the majority of 

individuals illustratin g the other extreme of shape-variation, and show more clearly 
this rib-increase as the ornamentation is traced from flank to area. In these cases a 

rib of the flank may often be observed to be broken into two costellre at the transition, 
whereas in the shorter and taller individuals with relatively fewer costellre, two ribs of 

the flank may sometimes be seen to coalesce, and to be continued as one rib on the area. 
But there are many exeeptions in the occurrence of these relations, and it remains to 

be shown that they hold good, respectively, even in a majority of individuals of given 
outline. In many ind ividuals a varying number of flank.ribs, some of which may 

be relatively thick, pass right over the area, more particularly in the posterior por­
tion of a full-grown shell. Such ribs are well seen in Plate IV, fig. 5. Fig. 4 of 
the same plate represents a very fine specimen of elongated form which �hows an 
almost exceptionally regular arrangement of the ribs, and in this specimen the 

gradually dwindling ante-carinal groove is seen more clearly than usually. .A. much 
less regular ornamentation is illustrated by another elongated specimen, Plate V, 
fig. 3. To illustrate the short and relatively tall type of shell, I have chosen an in­
dividual (PI. V, fig. 1) which possesses a number of broad ribs passing with scarcely a 

break over the area, and affords a contrast in this respect to the other specimens 
figured. The smoothness and want of definition in some of the ribs of this large in­

dividual is partly due to imperfect preservation. In many of the specimens examined, 
the wP':},thering of the shell surface has somewhat reduced the definition of the sculp· 

ture and obliterated the traces of an ante-carinal groove. This groove is nevertheless 
a very variable feature, and appears at times to have been weakly emphasised from 
the first, and is sometimes confined to the near neighbourhood of the umbo. 

With regard to the outline of the shells, one or two further points may be noted. 

In certain of the short, tall shells, the superior border posteriorly to the umbo forms 

a gently concave outline, and becomes somewhat turned up as it approaches the 

siphonal margin. The posterior part of the shell may then offer a marked contrast 

of form to that of the more elongated and posteriorly more pointed individuals. This 

is no constant feature, however, and seems to occur somewhat exceptionally. More­

over, intermediate forms between the extremes exist. The junction of the frontal and 

inferior margin also gives rise to a varying outline. In some cases the passage is 
rather abrupt, and a sharp curve or even a. sub�angular outline is seen here ; in other 

specimens the frontal margin slopes a way gradually below and passes by a wider 

curve into the lower border. These characters seem to bear no definite relation to 

the proportionate length and height of the shells. 

T. crassa resembles T. Smeei in many points, and picked specimens of the two 
forms m�y bear a considerab le resemblance to one another. The specimen figured, 

for instance, in Plate IV, fig. 4, strongly resembles T. Smeei in its ornamentation. 
But the differences are always well marked. T. craS8a has the umbones more 
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terminal, and the shell is more or less truncated anteriorly, in contrast to the convex 
frontal margin of T. Smeei. T. Smeei as a rule is a more slender and elongated shell, 
and appears never to exhibit in like degree the irregularities of rib-arrangement so 
often characterising T. crassa. The ornamentation of T. C'l'aSlla is coarser and the 
transverse costellre of the area , less numerous than in T. Smeei ; the characteristic 
change in the ornamentation 'of the area and escutcheon of the latter, beginning with 
sculpture conforming to the plan of th e Costatre and becoming transformed in the 
process of g�owth to a simpler type with transverse costel1re, has not been observed 
in T. crassa. The differentiation of the surface into flank, area and escutcheon is 
much more imperfectly marked, and even at a comparatively early stage is often as 
weak and obscure as in the last growth-stages of T. Smeei. 

It seems clear from a study of T. Smeei that T. crassa may be regarded as a 
derivative of forms possessing the characters of typical Costatre. T. Smeei in the 
course of individual life furnishes the actual transition in characters which, carried 
far enough, may w ell be supposed to result in such a form as that before us . 
The simplification of the ornaments and the obliteration of cari nre, together with the 
diminished differentiation of area and escutcheon, is here of essentially the same kind 
as that shown by the late adult stage of T. Smeei ; it is merely further emphasised, 
and may be looked upon as a correspondingly more advanced stage in the degenera­
tion of the Costatre-characters along these particular lines. Close relationship 
between T. Smeei and T. crassa is naturally suggested by their common peculiarity, 
but such near relationship is far from being proved ; and it is well conceiva.ble that 
exposure to like conditions might result in the independent attainment of given 
characters, or the prod uotion of a similar degeneration, in the descendants of members 
of the section Costatre, which in turn might either be closely related, or connected 
only by a remoter common ancestry. 

TRI GONIA CARDINIIFORMIS, nov., PI. V, fig. 4 ;  PI. VI, figs . 1, 2. 

])escription.-The shell is of elongated form, tapering and pointed posteriorly, 
with strongly convex anterior margin.  The umbones are �ituated at one-quarter to 
one-third of the shell's length from the foremost point on the anterior margin . .  The 
cardinal margin slopes down from the umbo with moderate steepness, and passes 
without a prominent break into the somewhat more steeply sloping siphonal margi n .  
1 h e  siphonal margin forms a very gently convex outline and joins the inferior 
margin at the sharply rounded or sub-a.ngular posterior extremity of the shell. 
The foremost point of the shell is situated at about the middle of the convex frontal 
margin. This margin passes below by a continuous curve into the inferior margin, 
which, in turn, forms a gently convex outline. Towards its posterior extremity 
the inferior margin is indented in the form of a shallow bay. The greatest inflation 
of the valves occurs just posterior1y to the umbones and, in relation to height, 
slightly above the middle of the valve. The maximum height occurs at the 
umbo. 

H. 
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In the young shell a well-marked beaded marginal carina separates the flank 
and area, but at a distance of 10 mm. from the umbonal apex it already assumes 

a broader and less well-defined form, and loses its ornaments. With advancing 
growth the carina broadens gradually, until it is replaced by a blunt, smooth ridge, 

which becomes more obtuse when traced posteriorly, and terminates at the postero­
inferior corner of the valve.  A narrow ante-carinal groove is at first presellt, which, 
at a distance of about 10 mm. from the umbonal apex, is seen to widen gradually. 
With advancing growth the groove continues to broaden, and forms a smooth, 
depressed ante-carinal space which terminates at the shallow indentation of the 

inferior ma�gin . In a shell 20 mm . in height (measured from the umbo) the 
ante-carinal space is about 5 mm. broad at its lower limit. In a shell 30 mm. 

high it is about 8 mm . broad ; in a shell 40 mm. high the greatest breadth of the 
space is about 10 mm. 

The ornamentation of the flanks likewise undergoes a change with advancing 
s hell-growth. At first it consists of simple, closely spaced, concentric costro, 
extending by a broad curve from the anterior margin to the ante-carinal groove. 
When the shell has attained a b eight of 10 mm. the costro somewhat suddenly 
assume an irregularity of breadth and spacing and rapidly degenerate into blunt, 
flattened ridges of unequal breadth , separated by narrow linear grooves, well 

impressed on the shell· surfac e. The blunt, broad ridges may sometimes continue to 
simulate a rudimentary costate sculpture, but may in some ca-ses altogether 
lose the character of concentric ribs, especially in the inferior half of a full-grown 
specimen, where the shell-surface appears marked by irregular ridges and lines 
of accretion. The costoo, so long as they are definitely formed, terminate posteriorly 
at the ante-carinal space, and the ridges and bands by which they become replaced 
usually cease abruptly at the anterior margin of this space ; but the w ell-impressed, 

irregularly spaced linear grooves w hich separate the bands and ridges may be feebly 
continued across the ante-carinal space, and may sometimes be seen to pass across 
the carinal angle and the area. 

The area forms wit h  the flank an angle somewhat exceeding a right angle ; it 
is always well marked off, is relatively narrow, and in a specimen measuring 
28 mm. in height (measured from the umbo) the broadest part of the area only 
slightly exceeds the ante- carinal space in width\. For a short distance from 
the umbonal apex the area is ornamented by delicately bead.ed longitudinal ridges. 
Between a well-marked median longitudinal groove and the marginal carina, one 
such delicate longitudinal ridge is situated. Between the median groove and the 
escutcheon there are two finely-beaded ddges, the inner of which forms the 
inner carina. Including the marginal carin3, there are therefore four longitudinal 
ridges ; of the three grooves, the median one is the strongest. 'fhis well-mark ed 

sculpture dwindles with advancing shell-growth and gradually disappears when the 
costoo of the flank lose their regularity and show degeneration, that is, when 
the shell has attained a height of from 1 0  to 15 mm. The area is afterwaFds 
devoid of orn aments, and is crossed by lines of growt h, but a dwindling 
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remnant of the median groove may sometimes be present when all other traces 
of scul pture have disappeared. 

The escutcheon is narrow and elongated . It is definitely separated from the 
area in the earlier, sculptured state of the latter. It appears at first to be marked by 
a delicately granular or minutely  nodose orna.mentation, the minute nodes arranged 
in longitudinal rows. At a later stage the escutcheon is smooth, and at a distance 
of 15 m m. from the umbo it is indistinctly marked off from the area, and is 
very �lightly depressed . It subsequently ceases to exist as a definite feature and 
becomes merged in the area. 

The teeth of the right valve are inclined to one another at 90° or' at a slightly 
narrower angle. The long, lath·1ike posterior tooth closely follows the superior 
valve-margin, while the anterior tooth forms a very acute angle with the shell­

margin immediately anteriorly to the umbo. In the left valve the central tooth 
is relatively broad below and produced at its posterior angle as an elongated spur. 
The short, lath-shaped, anterior tooth is prominent. 

J)imensions :-
(1 )  (2) (3) 

Greatest lengt.h 30 3 7  5 2  mm. 

Height measu.red from the umbo to the 

inferior margin 21 2 8  3 �  " 

Greatest depth ()£ a single valve 7 1 0  1 5  " 

OCCU1''l'ence.-Found in Oomia strata in association with '1f. vent'l'icosa, and only 
recorded from Goonaree. 

Remarks.-Most of the specimens examined are imperfectly preserved ; they 
are coloured a deep-red or purplish tint, and have a deeply iron-stained matrix. 
The details of sculpture have suffered severely in most cases, and in some instances 

have become quite obliterated . In the largest specimen, figured in Plate V, fig. 4, 

the deeply lined and rough appearance of the surface is largely due to corrosion of 
the shell , and the prominence of the concentric surface-ridges has been thereby 
intensified . The specimen figured in Plate VI, fig. 1 ,  has suffered only in very 
small degree on the flank, but the early-formed sculpture of the area has become 
quite defaced. The shells show considerable variation in th e features of the surface 

ornamentation , more especially after the concentric costro have given place to 

mere ridges, bands, and furrows. The bands may be flattened, or of rounded, 
convex form. The furrows may occur at fairly regular intervals or may be 
very unequally spaced. In some individuals they are relatively few in number, 

in ot�er ca ses they are more closely crowded. In short, the disposition of these lines 
and intervening bands or ridges suggests at times a degenerate sculpture retaining 
the rudiments of a definite plan ; at other times, there is every appearance of 
the irregular succession of ridges and furrows which simply mark a varying activity 
in accretion. As regards shape and outline, the shells appear to be wonderfully 
constant and vary but little. 

The chief distinctive features of T. ca'rdiniijo'l'mis are its elongated and 
H 2 
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posteriorly produced outline, its sub-angular posterior extremity, and the loss of sculp­
ture which takes place during the progress of individual growth. In general form 

it strikingly resembles a shell from the " Portlandien inferieur " of Boulogne, figured 
by Goldfuss 1 under the name Lyrodon excentricum, renamed Trigonia Munier i 

by Hebert,2 and well figured by de Loriol s under the name Trigonia lHicheloti. 
T. Munieri is remarkable for its elongation, and is well drawn out posteriorly. 
It shows, like T. cardiniiformis, a loss of sculpture with advancing shell-growth, 
and the relative breadth of the ante-carinal space, together with the gradual 
transformation of the carinal angle into a blunt fold, constitute features of similarity 
in these two forms. The differences are at the same time clearly apparent. 
In  T. Munieri the ea t'ly·formed costre of th e Hank show a weak though definit e 
serration, and the sculpture of the flank, especially towards the anterior margin, 

is retained until a later stage of growth than in T. cardiniiformis. The well differ­
entiated sculpture of the shell at an early stage, the existence of a definite 
ornamented marginal carina, and the fine, beaded longitudinal ornamentation of the 

area, which characterise the young of T. cardiniiformis, have not been observed in 

T. Munieri . In T. cardiniiformis the postero· inferior extremity is more nearly 
angular, the transition between the superior margin and siphonal margin more obscure, 
and the median groove of the area is less strongly impressed and much Jess persistent 

than in T. Munieri. Lycett 's statement 4 that in T. Mickeloti ( = T. Munieri) 
the breadth of the ante-carinal space is equal to all the remaining surface appears to 
be quite erroneous, and he seems also to have fallen into error when he described a shell 
from the Portland Oolite of England fi as a variety of 'I'. Mickeloti, de Lor. This 
English shell has in reality' little in common with T. Mickeloti, and appears 
to approach much more closely to T. gibbosa, Sow., with which it may possibly b e  
identical.  

When the details of s culpture are masked or removed by imperfect preservation, 

except for the presence of the depressed ante-carin9.1 space, the e·xternal aspect 

of a full-grown T. cardiniiformis somewhat approaches that of a Cardinia, 

owing to the general form and posterior elongation. To judge from the main 
features of the adult , this shell might well find a place within the section of 
the Glabrre, as understood by Lycett, and T. Munieri, which we have seen to 

be of similar form, was thus treated by that author. To pl ace T. cardiniiformts 
in the section Glabrre would be to add to the heterogeneous character of that 
division . The term " Glabrre " may with advantage be abandoned in favour 
of the narrower group-names proposed by B igot for the components of this wide and 
artificial section. Having regard to the nature of its youthful stage, it is plain that 

T. cardiniiformis cannot be united with the Gibbosre, with which group it agrees. 

1 Petrefacta Germanire. 2" Theil., Ta.b. (lX� X V I I, fig. 8 (1837). 
S Bull. Soc. G eo1 . France. 2" ser., Tome XXI II . ,  p. 222, footnote (1866). 
II P. de Loriol et E. Pellat. Mon. paleont. et geol. de l'etage PortI . Boulogneosur.mer., p. 7', PI. VII, figs .. 8" 

i (1866). Mem. Soo. Phys . et d' Hi�t. nat. Geneve. To-me XIX, {e Partie. 
4 J. Lycett. Mon. Brit. Foss. Trig., p. 7 (1872). 
I Ibi,d., p. 92, PI. 2.0, fi g. 7 (1874·1875) .. 
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most satisfactorily if adult characters alone be considered. It is certainly more 
nearly allied. to members of the Costatre. The differentiation of the shell-surface , 
the regular concentric flank-costre, the carinre and the longitudinally orna;m.ented 
area, exhibited in youth, are clearly the characters of typical Costatre, and very 
strongly suggest direct descent from forms possessing the well-marked features of 
that section. The dwindling of the marginal carina and the degeneration of the 
ornamentation offer in some degree a parallel to T. Smeei, which, however, shows 
no loss of ornamentation, only a simplification. Both are characterised by strong 
elongation, and in the youthful period of growth both conform to the plan of typical 
Costatre. 

The development of the depressed ante·carinal space in T. ca1'diniiformis is 
perhaps more easily understood when it is remembered that this feature is sometimes 
developed in the true Costatre. Examples are Quenstedt's T. interllEvigata 1 and a 

shell from callovian strata in Poland,:! figured under the name T. c08ta ta by Pusch/' 
and renamed T. zonata by L. Agassiz .4 

# TRIGONIA TRAP EZIFORMIS, nov. , ' PI. VI, figs. 3-5. 

lJescrip tion.-The shell is of variable sub-trapeziform outline ; it is short,. 
elevated, and posteriorly truncated. �rhe height and length are approximately equal. 
The umbones are only slightly removed from the anterior extremity. The cardinal 
margin forms a straight outline and slopes gently ,backwards from the umbo ; it is 
relatively short and terminates, posteriorly somewhat abruptly at its well-defined 
junction with the siphonal margin. The siphonal margin is steeply inclined and 
forms a straight or very gently convex outline. Its junction above with the 
cardinal margin is obtusely angular, and it passes below into the inferior margin by 
a sharp curve. In front of the umbo the shell-margin falls steeply, and forms at 
first an almost straight outline, but becomes convex below where it passes by a curve 
into the inferior margin. The foremost point is situated towards the lower extremity 
of the anterior margin. The inferior margin is convex in outline, and towards its 
posterior extremity it is indented in the form of a shallow bay. The greatest inflation 
of the shell occurs within its superior half. 

In the young shell a sharp and prominent carina separates the area from the 
flank, but at a distance of about 10 to 15 mm . from the umbonal apex it becomes 
less well-defined, and gradually assumes a blunter aspect. It is marked by nodes 
(with intervening constrictions) which, as the carina dwindles and loses prominence 
and definition, increase in size and become more widely spaced. At a distance of 
20 mm. from the umbonal apex the nodes assume a more swollen aspect and are-

I F. A. Quenstedt. Der Jura, p. 503, Tab. 67, fi gs. 7, 8 (1866). 

2 See D. Stremooukhov. Descl'. de quelques Trigonies des dep6ts secondaire. de la Russie. Verhandl. russ.-k, miJl.., 
Ge&el1sch. 2e Ser. Ed. 34, p. 243 (1896). 

" G. G. Pusch. Pol ens Palreontologie, p. 58, Taf. VII, fig. 1 (1837). 
4 Mem. sur las Trigonies, p. 36 (1840). 
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separated by still wider interspaces. They become transversely elongated, and may 
be somewhat unevenly spaced. Towards the postero-inferior extremity of a specimen 
measuring about 30 mm. in length, the carinal angle, marked at an earlier stage by 
a sharp carina, terminates as a blunt fold on which the ornamenting nodes are 
separated by spaces of about 2 mm. Immediately in front of the marginal carina 
is a smooth, slightly depressed space, which commences near the umbo as a narrow 
ante-carinal groove and increases gradually in breadth towards its lower limit, 
wh ere it terminates at the slight indentation of the inferior shell-margin. Towards 
the inferior margin of a specimen 30 mm. long this ante·carinal space may occupy 
one quarter of the flank in breadth and may be somewhat depressed in trough-like 
form. 

The ornamentation of the flanks consists of simple concentric ribs, which com­

mence close to the frontal margin and extend back to the anterior limit of the 
ante,..carinal space. The ribs  are somewhat variable in number, but from nine to 
twelve have been observed in specimens mea suring about 30 mm. in length. They 
are usually blunt and rounded in form, are thi nnest at their anterior termination, 
and become gradually more robust towards the posterior end, where they often 
terminate in a swellin g. Some of them have a shorter and steeper superior flank, 

and on their under side slope more gradually into the smooth interspace. This 

character may become lost with increasing age, and is always more noticeable towards 

the umbo. In the superior quarter of the valve the costre appear to be quite regularly 

developed and evenly spaced , but various subsequent irregularities of form or 

arrangement have been observed . The ribs may sometimes be of unequal strength 
or separated by very une qual interspaces . Where their attenuated anterior ex­
tremities are crossed by lines of growth, a delicately nod ose character is occasionally 
produced. Sometimes one or two ribs cease abruptly in their course across the flank 

and fail to extend back to the smooth spa'ce.  A short rib may then be intercalated 

at the interspace and terminate posteriorly with a slight swelling, in the usual 
manner. Occasionally, two ribs may approach one another to coalesce close to their 

anterior termination , or a rib may be somewhat swollen at its anterior end and 
become more attenuated in its middle part, while swelling again posteriorly. 

In a young shell the area may be inclined at right angles to the flank, although 
the angle appears to be usually considerably more obtuse. In any case, the angle 
becomes rapidly more obtuse with advancing age and the inclination of area and 

flank may ultimately be very slight . The breadth of the area seems always to exceed 
that of the ante · carinal space, even at the widest part of this in the largest specimens. 

For some distance from the umbo the area is ornamented, at least in its inferior half, 

by delicate longitudinal, minutely nodose ridges with intervening narrow grooves. 

A delicately beaded, longitudinal median carina divides the area into two halves, of 

which the superior is very slightly depressed . This carina is accompanied on its upper 
side by a very weak median groove which at a distance of 10 mm. from the umbo 
appears to dwindle away entirely . Between the median and marginal carinoo there 
are at least three delicate lon gitudinal ornamenting ridges . No ornaments have with 
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certainty been observed on the superior half of the area, which is marked by transverse 

growth-lines . At a distance approaching 20 rom. from the umbo, the longitudinal 
ornaments of the area give place to transverse sculpture in the form of rounded or 
slightly nodose and somewhat irregular ridges, extending from the carinal angle to a 

median row of transversely elongated nodes which replace the median canna. The 
transverse ridges are sometimes more or less confounded with prominent ridges of 
growth, but become more clearly pronounced towards the siphonal margin of the 
larger specimens. 

The area is at first bounded ab ove by a very delicate granular inner carina. At 
a distance of about 6 mm. from the apex of the umbo , and subsequently to that, 
this carina takes the form of a row of minute and delicate, obliquely flattened nodes 
or tubercles with marked interspaces. 

The escutcheon is of narrow lanceolate form ; it is slightly depressed and appears 
to be devoid of ornaments, but is marked by oblique lines of growth. 

IJimensions :-
(l) (2) (3) (4) 

Greatest length • 22 25 30 30 mm. 

Height measured from the umbo 22 24 30 32 " 

Greatest depth of a single va.lve 8 8 9 . . .  " 

Oaaurrence.-This shell is recorded only from south-east of 'frummo and from a 
locality between Trummo and Rahpur, where it occurs in Oomia strata, in an exceed­
ingly hard, reddish -coloured, gritty matrix. 

Remarks.-All the specimens available for examination are indifferently 
preserved, and the matrix in which they are embedded is so hard and difficult to 
remove that it is practically impossible to free the shells from it. The specimens 
here described and figured have become exposed by the natural process of weather­

ing, which has at the same time obliterated much of the finer details of sculpture, 

especially the delicate ornaments of the area. Only by very careful examination 
have I been enabled to trace the early ornamentation of the area and to ascertain that, 
at least in its lower half, it is essentially similar to that of many Costatre. The 

. transformation of these delicate longitudinal ornaments and their replacement at a 
later growth· siage by coarse transverse ridges is clearly ascertained. In none of the 
specimens examined is there unmistakable evidenee that in the superior half . of th'e 
area an ornamentation has existed similar to that of the lower half. In one specimen, 

however, I have seen faint markings at a distance of 10 mm. from the umbonal apex 
which I believe may possibly represent the last remaining traces of delicate longi­

tudinal lines similar to the minutely beaded ridges below the median carina. It is 

very probable that such have existed, although perhaps they possessed little prominence 
from the first. I have not clearly ascertained whether the transverse ridges or costellre, 
which traverse the inferior half of the area towards the siphonal margin in the largest 

shells, pass up on to the superior part. In one specimen they appear to do SO; bu t 
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are then less plainly emphasised and have rather the aspect of coarse ridges of growth. 
Owing to imperfect preservation, several other points in the sculpture of this interesting 
form remain somewhat obscure. Only in two individuals is the escutcheon exposed, 
and its smooth and obviousl y weathered aspect suggests that its original surface features 
have become in large part obliterated. It is not improbable that it has originally 
been ornamented. 

T. trapezijo1'mis is a very remarkable form, and to suggest its probable affinities 
from the evidence of adult characters seems almost futile. Its general aspec t, 
and particularly the existence of a well-developed ante-carinal space, might be 
supposed to indicate relationship with some of the European " Glabrre." I have 
already stated some objections to the use of this compreh ensive and misleading 
sectional name. Moreover, beyond the above-noted characters, T. t'l'apezijormis 

possesses few features in common with any Trigoni(B comprised within this artificial 
seciion, and many points of distinction are present. 'rhere seems to be nothing to 
warrant the inclusion of this form even in the na rrower group of the Gibbosre, with 
members of which it has some points of resemblance. I am not aware that any of 
the forms which can be included in that restricted group exhibit growth-stages in 
any way comparable with those of T. t'l'apezijo'l'mis, while a study of the early ­
formed ornamentation and its subsequent modifications in some, at least, of the 
portlandian Gibbosre, show s them to have been from the first totally distinct from the 
form we are considerin g.  In T. t'l'apezifo'l'mis the strong differentiation between 
the flank and area at an early stage, observable at a distance of less than 5 mm . 
from the umbonal apex, the first-formed regular concentric costre of the flank, and 
the longitudinal ornaments of the area, suggest a closer affinity even with 
T. ca1'diniijo'l'rnis than with the European Gibbosffi. On the other hand, the trans­
formation of t he delicate longitudinal sculpture of the area into coarser transverse 
ridges, the gradual replacem ent of the marginal carina by a broadening fold bearing 
nodose ornaments, and the occasional irregularity of the flank-costre, furnish in some 
degree a parallel to grow th-stages in T. Smeei, although the latter is so very strongly 
distinguished by its elongated form and the absence of the ante-carinal space. A t  
the same time, a young individual o f  T. Smeei from K ukrooa, i n  which the 
sculpture of the area and escutcheon has become much weakened and in part 
obliterated by w eathering, bears no small resemblance to T. t'l'apesijormis. 

Believing that in good preservation T. trapeziformi8 would be found to possess 
an area ornamented after the manner of the juvenile T. Smeei and of the typical 
Costatre, I deem it highly probable that we have here another derivative a-rising 
from members conforming to that section. Such features of the shell's development 
during individu al life which show correspondence with stages in the shell of 
T. Smeei, t h ough worthy of note, cannot be looked upon as indicatin g a very near 
relationship, especially when we bear in mind that they are accompanied by a very 
wide divergence in other important characters. The developmep.t of these two 
forms has no doubt taken place along two distinct lines, though their not far 
remote ancestry is to be sought in members of the same sectional division. 
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TRI GONIA RETRORSA, nov., PI. VI, fig. 10 ; PI. VII, figs. 1, 2. 

])escription. -The shell is of elongated form ; it is anteriorly high, and is pos­
teriorly more slender and much drawn out. After half the full dimensions have been 
reached, growth in length becomes relatively less rapid, so that the shell subsequently 
assumes a somewhat taller and less elongated figure as the greatest dimensions are 
attained. The umbones are situated within one-third of the shell's length from the 
anterior extremity, and may be at one- quarter of the total length from it. They are 
raised up prominently and are well recurved. The cardinal margin forms a long, 
straight outline, sloping back with very gentle inclination from the umbo. The 
siphonal margin is short, and obliquel y truncates the shell posteriorly. It passes 
below by a curve into the sloping inferior border. In front of the umbo the valve­
margin slopes downwards with a convex outline, and at a short distance from the 
umbo falls very steeply to form a frontal border which presents a profile . slightly 
convex, or at times almost straight. In the latter case the shell has an appearance 
of abrupt and almost vertical anterior truncation. The frontal margin passes by a 
more or �ess sudden curve into the inferior margin , which forms for the most part a 
very gently convex outline, and towards its posterior end slopes gradually upwards. 
rrhe foremost point in the shell is situated in the lower part of the anterior margin, 
sometimes close to its lower termination . The inflation of the shell is sometimes 
strong, while in other cases the flanks appear relatively flattened and compressed. 

In the young shell a well-developed, narrow, sharp and prominent marginal 
carina is prese:nt. 1'his is continued with slowly decreasing definition to a distance 
of about 15 mm. from the umbonal apex, where it gradually gives place to a blunt 

ridge. This in turn, with advancing growth, becomes less sb arply defined, and when 
traced backwardly, broadens into a rounded fold towards the posterior termination 
of a full-grown valve . Immediately in front of the carina] angle is a smooth space 
devoid of ornamentation, which, commencing close to the umbonal apex as an ante­
carinal groove, rapidly broadens out posteriorly. vYith advancing growth the 
limi ting margins of this space so widely diverge that at the inferior border of a full­
grown valve the space m ay occupy more than one-third of the whole surface of the 
flank. To wards its anterior limiting margin the ante-c'a rinal space is slightly 
depressed below the level of the ornamented surface of the flank.  

Anteriorly, the Hank does not always slope gradually towards the frontal valve­
margin, but the valve-surface is at this part bent more or less abruptly, sometimes at 
right angles, to form a ' flattened frontal face. This may be so well developed as to 
materially strengthen the aspect of frontal truncation of the shell. The ornamented 
portion of tho flank is crossed by numerous and crowded smooth ribs which, 
commencing on the frontal face, pass across the flanks in a direction either parallel 
to the pallial border or with a slight downward inclination. On the frontal face the 
ribs have a general horizontal direction. They commence at or near the valve­
margin in the form of fine, thread- l ike lines which may have a slightly wavy 

I 
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character. At a distance of a few millimetres from the margin a few pairs of these 
delicate ridges may join, each to be continued as one stronger rib, but this character 
is not always p resent. A further appearance of irregularity arises on the frontal 
face by the intercrossing of prominent lines and ridges of growth with the horizontal 
ornaments. The ribs may thus assume an interrupted appearance, and be marked 
by irregular nodes and constrictions . Just b eneath the umbones the ornaments are 
sometimes very weak or absent near the valve-margi n, with. the result that a smooth, 
i ll-defined space may sometimes be present, though not possessing the defined 
character of a lunula. 

The cost ro on the flank are more sharply carinate near the umbo, and become 
more blunted and less prominent with advancing growth. They are separated by 
very narrow interspaces, and number upwards of forty in a full-grown individual . . 
For the most part the ribs have a steeper superior side, and on their under side slope 
Jess abruptly into the interspace. Irregularities occur here and there as the ribs pass 
across the flank . Two ribs may occasionally coalesce, to be continued as one. 
Sometimes the ribs become slightly sinuous in their course, although the general 
direction is usually well maintained. A shorter rib may here and there be 
intercalated between two others which extend right across the flank, or adjacent 
ribs may be of unequal strength. Except in the immediate neighbourhood of 
the umbo, the costro terminate posteriorly with swollen, rounded ends1 forming 
a series of nodes bordering on the ante-carinal space, thou gh having little 
prominence . Towards the inferior margin of large individuals 8 rib may occasion­
ally encroach somewhat on the ante-carinal space. 

Close to the umbo the a rea is inclined at about right angles to the flank, but 
the angle becomes rapidly more obtuse with advancing age. The area itself is rela­
tively narrow, and towards the posterior extremity of a full-grown individual its 
breadth is only abo ut two-thirds of that. of the ante-carinal space. Up to a distance 
of at least 20 mm. from the umbonal apex the area is ornamented by delicate longi� 
tudinal ri dges, two of w hich are situated between the marginal carina and a narrow, 
media·n longitudinal groove . Faint traces of two other similar longitudinal ridges, 
situated b etween this median groove and the margin of the escutcheon, have been 
observed. This sculpture dwindles away as growth advances, so that for the most 

part the area of the adult is devoid of ornamenting ridges ; but the median groove 
persists as a shallow and broadening longitudinal depression which may be traced 
throughout the whole length of the area, and divides the latter into a narrower 
superior and broader inferior half. 

The escutcheon is of great length and is relatively broad, and in its widest 
part in each valve slightly exceeds the hreadth of the area. It is of excavated and 
slightly concave form in each valve, is abru ptl y sunk where it adjoins the area , and 
i s  well upraised towards the cardinal margin posteriorly to the ligament. No orna­
ments ha ve been observed on the escutcheon. The ligament pit is of elongated 
lanceolate form, and extends b ackw ards from the umbones for a distance of half 
the length or the escutcheon. 
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Dimensions : -

Length of specimen now iD comp�ete at 
posterior end 

Probable original length, approxi mately . 

Height measured from the umbo 

Greatest depth of a single valve 

(1) 

6 2  
64 
44 
1 5  

(2) 

60 
7 4  
54 
1 5  

(3) 

72 mm. 

7 6 " 
56 " 
19 " 

69 

Specimen number (2) is a relatively compressed valve, doubtless owing its 
character to individual variation. 

Occurrence.-Found in Oomia strata ; the specimens here described are from 
Oomia, north-east of Oomia, and Huroora. 

Remarks.- T. retrorsa is remarkable for its great posterior elongation and the 
very broad ante-carinal space devoid of ornamentation. N one of the specimens 
examined are quite complete posteriorly, and like other Oomia Trigonice which are 
much produced towards the siphonal end, the shell appears to have been more 

fragile at this part. The form of the siphonal border and the measurements of 
length above assigned have been estimated fronl a study of the growth-lines. In all 
the three individuals figured, the cardinal margin posteriorly to the ligament is 
broken away, but from an examination of the fine specimen illustrated in Plate VII, 

fig. 2, it . is clear that, if complete, this margin would form a straight outline in profile, 

well raised above the concave profile formed by the line of demarcation between 
area and escutcheon . In all specimens examined, the ornaments of the flank have 
suffered somewhat from their mode of preservation, especially in the original of 
Plate VII, fig. 1 ,  in which the ribs have lost much of their original strength and 
prominence . In this specimen, too, the area and escutcheon have suffered consider­

ably, and the sharp line of demarcation has become in great measure obliterated. 
In the anterior portion of the area, also, the partial obliteration of the original sculp ­

ture is very noticeable. Sufficiently clear traces still remain, however, to plainly · 

show that the first-formed ornaments on this part of the sh ell consisted of longitudinal 
ridges and were essentially similar to those found in normal adult Costatre. This 
character of the area, together with the sharp marginal carina and regular concentric 
flank-costre of the shell until it attained a height exceeding 10 mm., appears to link 
T. retrorsa in unmistakable manner with the section Costatre, although the subse­
quent course of development during the life of the individual shows such an astonish­

ing departure from the principal features by which members of that section are 

characterised. 
. 

The smooth ante-carinal space, which is so conspicuous a feature of the a dult, 

appears already at an early stage of growth, and, is visible at a distance of between 

two and three millimetres from the apex of the umbo ; at 4 mm. from the apex the 
space is 1 mm. in width. When the valve measures 10 mm. in height (measured 
from the umbo) the ante-carinal space is about 4 mm. in breadth, and in this 
respect the shell at that stage differs from most known Costatre ; but in regard to 

this feature, also, certain European Costatre furnish a parallel, as instanced by 
I 2 
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T .  interlcevigata, Quenstedt, l and an apparently distinct form. figured by Goldfuss, z 
in both of which the  costoo of the flank terminate at some distance from the marginal 

carina. Some of the Costatoo of the Charee group likewise possess a noticeable ante­

carinal space. The development of this space · appears, indeed, to constitute a fact 
of little or no significance in indicatin g the broader affinities of various Trigonice in 

which it is a marked feature, and proof of this statement can be most effectively 
adduced by the comparison of growth-stages in the European Gibbosre and the 
Oomia form s which in certain respects simulate them . . 

It is unfortunate that the imperfections of lithography in the illustration of fine 
details were overlooked in this case ; the delicate sculpture of the area near the 
umbo is in reality well seen in the specimen represented in Plate VII, fig. 1 (though 

faintly preserved) , but could only be satisfactorily illustrated by an enlarged figure. 
I regret to have inadvertently omitted such an enlargement of the umbonal portion 
of the area. 

The sculp ture of the flanks of T. retrorsa bears some resemblance to that of 
T. spissicostata, another Oomia form, particularly in the crowding of the costoo and 

the swollen nature of their posterior terminations. 'l'his latter feature, as well as 
the occasional irregularities of arrangement in the costoo, is essentially similar to the 
corresponding characters in T. spissicostata, but in that form. the irregularities are 
very much more numerous and marked, and the sw elling of the rib-terminations is 
much more pronounced . Beyond these characters, there is the broad ante-carinal 
space in common. T. retrorsa is very clearly distinguished from X. spissicostata by 

its great posterior elongation and its strong inflation ; and while the general aspect of 

-'E. spissicostata suggests its affinity with the European Gibbosoo, T. ret"orsa appears 

to approach that group on ly in an unreliable feature, the ante-carinal space, and 
is undoubtedly well separated by the nature of its early ornamentation . 

I can only regard this remarkable form as a derivative of shells having the 
characters of normal Costntoo, and the small number of longitudinal ridges ornamellt· 

. ing the area of the young shell need in no way be looked upon as an objection to 

such a derivation. The number of these ridges is very variable in the Costatre, and 
in T. parva, a small Oomia form which cannot be separated from this section, their 
reduction has been carried far. 1.'he subsequent obliteration of these early-formed 
ornaments and of the carinoo in T. retrorsa, the great posterior elongation of the 
adult shell , and the absence of sculpture from the posterior part of the flank, are 
characters which find a parallel in other Oomia Trigonite, and may have resulted 
independently in the several forms which possess them, produced perhaps by develop­

ment under similar physical conditions. 

h. SECTION GIBB OS..tE. 

The retention of the wide-embracing sectional name " Glabrre," as used by 
Lycett, seems scarcely justifiable, even on the plea of convf'nience, and even though 

1 QuoDstedt. Der Jura. Tab . 67, figs. 7, 8 (1856). 
2 GoldfU88. Petrofacta Germanire. 2e Theil., Pl. CX XXVII, fig. 3b (1837) .. 
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adult characters alone be taken into consideration. Lycett himself realised' the 
artificial nature of this section, but hesitated to carry out the definite separation of 
forms like T. gibbosa, Sow. , and T. excentrica, Sow . , as representatives of distinct 
groups. He at the same time suggested 1 that a separation on these lines might 
eventually be found advisable. The proposal to divide the section into groups, as 
already pointed out, w as made by Bigot,2 who adopted three group-names, the 
Semi-Lreves, the Gibbosre, and the Excentricre. This appears, to be a satisfaotory, 
and with some probability a natural olassification, especially as regards the forms 
brought together as the group of the Gibbosoo, with which we are at present more 
particularly concerned. It would be hard to define the precise limits of this group, 
but if attention be paid to early growth-stages, and not to adult characters alone, it 
may be justifiable to include such forms as T. Munieri, Hebert ( = T. Micheloti, de 
Lor. ) ,s a similar shell ascribed by de Loriol 4 to T. variegata, Credner, and certainly 
the true T. variegata, which Credner 5 erroneously regarded as a member of the section 
Clavellatre. 1.'hese, as well as the Frenoh forms included in the group by Bigot, and 
the well-known English representatives T. gibbosa, Sow . ,  T. Ma1�selli, Lye. , 
T. damoniana, Lye., and T. tenuitexta, Lye., appear to have similar early growth­
stages. In at least the majority of these, no ante-carinal space is developed close 
to the umbonal apex, and the ornaments there consist of delicate and closely-crowded 
concentric linear ribs, which pass over the well-marked carinal angle, traverse the 

area, and even encroach upon the esoutcheon. In T. gibbosa, these simple ribs are 
retained until the young shell has reached a height of nearly 10 rom., when a rapid 
change accompanies advancing growth. The ante-carinal space, which has already 
become indicated by a narrow depression still  crossed by the delicate linear ribs, 
soon becomes devoid of ornamentation, and the costre themselves are subsequently 
confined to that part of the flank which is situated anteriorly to the ante-carinal 
space. With remarkable abruptness the ribs acquire the coarseness and partly 
nodose character which marks them in the adult stage. Other members of the 

group, while showing great similarity in the simple ornamentation of the youthful 
period, exhibit a greater or less divergence of c h aracters in the subsequent growth­
stages. rl'hus, in T. tenuitexta, Lye., with the approach of adult features the ribs 
retain a relatively delicate , character, are finely nodose, and in some degree continue 
to encroach on the ante-carinal space. If it is right to place T. Munier';', Heb., in 
this group, then divergence in another direction is shown by the adult of this form. 
The shell is characterised by relatively great posterior elongation, and the fine con­
centric costoo which mark the umbonal region dwindle and disappear in great part 
on the flank in the adult. The prominent development of regular costro becomes 
confined to the anterior part of the flank, the remainder of whioh is marked by 

) J. �Jcett. Mon. Brit. FOBS. Trig., p. 7 (1 872). 
2 A. Bigot. Mem. sur les Trigonies. Mem. Soc. Linn. Norm. ,  Vol. XVII, p. 268 (1892). 
3 P. de L ()riol et E. Pellat. Mon. paleont. et geol . do l'etage portl. des env. de Boulogne-sur-Mer, p. 74, PI. 

VII ,  figs. 8,  9 (1 866). Mem. Soc. Phys. et d'Hitit. nat. Geneve, 1'oIlle XIX. 

4 ibid., Pl. VII, figs. 6, 7. 
Ii H. Credner. Ueber die Gli�derung der oberen Juraformation ond der Wealden-Bildung im nordwestlioheD; 

Deutschland, p. 40, Pl. VIII, fig. 22 (Prag. 1863). 
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intermittent sulcations and ridges which indicate the abandonment of regular 
sculpture. 

The form below described may be provisionally regarded as a member of this 
group, to which it certainly appears to be allied if its adult characters alone be 
considered . That its relationship to this group of Trigonice is a mere matter for 
conjecture, may be seen from the additional remarks appended to the following 
description . 

TRIGONIA SPISSICOSTATA, nov. , PI. VI, figs. 6-9. 

])e8cription.-The shell i� of relatively short and elevated form, with the upper 

and lower outlines converging towards the posterior end, which is obliquely, abruptly 
truncated. 'rhe umbones are situated at about one -third of the shell's total length 
from the anterior extremity ;  they are not strongly conspicuous. The cardinal margin 

forms a long, straight outline sloping backwards from the umbo with moderate steep­

ness, and at its posterior termination passes abruptly with a sub-angular junction 
into the much more steeply inclined outline of the siphonal margin. This, in turn, 
is approximately straight and passes below with an abrupt, sub-angular bend into 
the upwardly inclined inferior margin. In front of the umbo the shell-margin falls 
steeply and forms a strongly convex outline which passes by a sweeping curve, and 
without break, into the less strongly convex inferior margin. This, towards its 
posterior termina,tion , is upwardly directed, and is marked by a broad and shallow 

indenta tion. 
The foremost point is situated in the lower part of the anterior margin. The 

convexity of the shell is relatively weak and the valves sometimes have a noticeably 

compressed aspect. 
No trace of a definite marginal carina has been observed, and its place is marked 

by a sub-angular ridge which becomes more rounded and obtuse with increasing 
age, and assumes the form of a broad fold before terminating at the postero-inferior 

extremity of a full-grown valve. This ridge may be at times faintly and irregularly 

nodose. Immediately anteriorly to the ridge is a smooth space devoid of sculpture 

which, though very narrow in the neighbourhood of the umbo, rapidly broadens 
with progressive growth, and at its lower termination in a full-grown individual 
occupies almost one-thi-rd of the surface of the flank. This ante-carina I space is 

depressed in the form of a shallow trough, more steeply and abruptly sunk on its 
anterior side ; it is traversed by numerous lines of growth which bend upwards 
in the form of a shallow bow as they pass across its surface. The lower termination 
of this smooth space corresponds in position with the slight indentation of the in­
ferior valve-margin, near its hinder extremity. 

The ornamentation of the flank consists of numerous and closely crowded, 

narrow, blunt and rounded concentric costro ; these are separated by interspaces 
narrower than the costro themselves. The costro show considerable irregularity and 

great variability of arran gement ; they are frequently of unequal strength, and 
depart in many respects from a definite plan . Commencing at the anterior margin, 
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the ribs are horizontal and are very steeply crossed by lines of growth, but almost 

immediately become slightly turned down as they are traced back from the margin. 
They are then continued posteriorly in a direction generally parallel with the pallial 
horder, but some of them may have a slightly wavy course or may very obliquely 
cross the lines of growth. Some of the ribs pass across the flank to the margin of the 
ante-carinal space. Others cease at varying distances from the frontal margin. Two 
or more ribs may frequently coalesce, or shorter ribs may appear to b� wedged in 
between two longer ones, or an appearance of dislocation may sometimes be produced. 
In the posterior part of this ornamentation certain of the ribs become swollen and 
varicose, to the apparent exclusion of others, although the smooth, rounded, swollen 
ri b-portions are not as a rule closely contiguous to one another. These swollen 
ribs terminate in rounded club-shaped form at the margin of the ante-carinal space, 
where they form a conspicuous feature of the ornamentation, contrasting with the 
almost uniformly crowded and narrow costro which constitute the greater part of 
the sculpture. In the ribs which posteriorly become swollen, the thickening is seen 
t.o commence at varying distances from the ante-carinal space. All these irregu-
1arities of rib-arrangement tend to diminish as the full dimensions are approached, 
and the sculpture finally assumes a more regular aspect. 

The area is gently inclined to the flank.. I t is relatively narrow, and towards 
its posterior termination is exceeded in breadth by the ante-carinal space. The 
area is traversed throughout its whole length by a strongly impressed, median longi­
tudinal groove which divides it into a narrower superior, and a broader inferior 
portion . No traces of SCUlpture have been observed on the area, but it is marked 
by numerous, strong, obliquely transverse lines of growth. There is no inner carina, 
properly speaking, but its place is occupied by a prominent blunt ridge which 
extends backwards to the top of the si phonal border and becomes slightly more obtuse 
towards its posterior termination. 

'fhe escutcheon is narrow and of relatively great length. It is of flat or slightly 
concave form, is abruptly bounded on the side adjacent to the area, and is sunk to a 

level of about 2 mm. below the ridge which represents the inner carina. No orna­

ments have been observed on the escutcheon, but it is marked by numerous 
obliquely-crossing lines of growth. 

In the left valve the central cardinal tooth is of somewhat narrow form, and 
the anterior tooth is prominent. The position of the inhalent and exhalent currents 
is well indicated by a shallow channelling of the inner shell surface, with a faint 
though definite short and blunt dividing ridge. 

lJimensions :-

(1) (2) (3) (4) 
Greatest length 46 5 4  6 0  60 mID. 
Height measured from the umbo . 42 50 56 56 " 

Greatest depth of a single valve . 10 14 1 5  18 " 
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Occurrence.-This shell is foun d abundantly in the Trigonia bed of the Oomia 
group, north-east of Goonaree and north-east of Oomia. It occurs in association 

with T. v-scripta, T. recurva, T. mamillata, etc. 
Remarks.-All the specimens examined are indifferently preserved, Rnd most 

of them have the brick-red colour and peculiar weathering which in places charac­
terises the fossils of this bed.  In many cases the weathering has resulted in a con­
siderable ob)iteration of the surface ornaments, and there is often a marked etching 
out along th e lines of growth . In all specimens the umbonal region has suffered 
much. Close to the umbo the sculpture has all l) een rem oved and the original 
definite outlines rounded and obliterated. It has therefore been impossible in any 
case to study t.he youthful characters illustrated by this part of the shell. Owing to 
these imperfections of preservation it is thus impossible to say with certainty 
whether the area has at any stage been ornamented ; in the present condition of the 
shells no sign of ornamentation is here visible, but the area is in all cases either 
rendered smooth or deeply furrowed by weatheri ng along the lines of growth. 

1 .  spissicostata is in all proba bilit y one of the forms referred to by Waagea 1 as 
being of portlandian type. "Then discussing the Cephalopoda of the Oomia group, 
this author wrote as follows : " Thus, if we consider th e identical or replacin g spe­
cies, we find to our great astonishmen t the affinities of the marine part of the Oomia 
beds to be far ('loser to the Portland strata of N orthern France and the Island of 
Portland than to any bed or locality of the l\1:editerranean province. This affinity 
is yet further illustrated by the bivalves, among which Trigon4d! of the type of T. 

gibbosa are very common . " There appears to he no other Oomia Trigonia which 
could so well be ascribed to the giL bosa type, althou gh it is possible that 'Vaagen 
might have included T. retrorsCt in the same category. 

It is true that if we judge by the gen eral aspect of the shells and the presence 
of the broad ante-carinal space, close affinity is suggested between T. spissicostata 

and members of the Gibbosoo. But in the absence of evidence regarding the first­

formed ornaments, and in view of the doubt that exist.s as to the presen ce or absence 
of a definite marginal carina an d sculpture on the area at early growth-sta ges, it 
would be rash to draw 3. final conclusion respecting the true affinities of this form, 
and it is with hesitation t h at I place it, even provisionally, under the definite head- '  
jng " G ib bosoo . "  It nlay perh aps be convenient to retain it for the present under 
this group-name, until th e coll ection of hetter material  shall reveal the true nature 
of the young stages. Although other Cornia TrigonifE -for instance T. cardinii­

formis and T. retrO'rsa-possess certain characters in common with the European 
Gibb osoo, an examination of these Oomi a forms has pointed to the necessity for 
extreme caution in drawin g conclusions as to their affinities from a study of adult 
characters alone. It is far from improbable that the early orn amentation of T. spis­

sicosta ta might in reality coincide with that of the Oomia shells just named, and 
he of radic ally different type from that known in several of the Gibbosoo, to which 
some of its ether characters appear to ally it. 

) W .  Waagen. Jurassic Fau na of Kutch i The Cephalopoda. Palreont. Indica� Ser. I X, Vol. J, p. 233 (1875). 
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Brought into comparison with members of the European Gibbosoo, T. spislkos­

tata approaches most closely in general form to selected individuals of T. damoniana, 
de Lor. ; for example, a specimen figured by Lycett. 1  It is nevertheless well dis­
tinguished from these by its narrower and more strongly produced area, its broader 
and deeper ante-carinal space, and by the wide differences in the detail s  of flank­
ornamentation. In T. spissicostata, save for the row of blunt terminal rib-swellings, 
the costre are quite devoid of the nodose character so well developed in the 
European shell. 

This Oomia form is still further removed from T. gibbosa, Sow./ and differs 
widely both from the typical, more smooth exam pIes of this shell,3 and from speci­
mens which were regarded by Lycett 4 as a variety of T. gibbo8Q but considered by 
de Lorio1 5 to be identical with his T. damoniana. From both of these, T. spissicos" 

tata is well distinguished by its le�s ovate outline, its posterior narrowing and 
truncation, and its na,rrower a.rea and deeply impressed median groove ; but above 
all by its peculiar sculpture, so distinct from that of any Europ�an Gibbosre . Another 
distinctive feature is its deeply sunk escutcheon . 

Though T. spissicostata possesses in common with T. retrorsa a broad ante .. 
carinal space, and has a type of sculpture of somewhat similar character, these two 
forms are well distinguished by other important features .  These are noted in the 
remarks which follow the description of T. retrorsa. 

c. SECTION OF TRIG ONIA V-SCRIPTA. 

The forms here brought together under this group -name are amongst the most 

interestin g of the TrigoniaJ associated in Oomia strata.  T. dubia occurs with 

T. retrorsa, T. c,.assa, T. ventricosa, etc. ,  at Huroora, while T. v-sc1'ipta and 
T. recurva are found with like associates in  the Trigonia bed at Goonaree. The 

l)ecuiiar features by which these forms are characterised are seen principally in the 
backward position of the umbones, the great posterior elongation of the valves, and 

the remarkable sculpture. The general outline and the position of the umbones 
constitute in themselves a striking departuxe from the usually accepted characters 
of the genus. 

The ornamentation of the flanks, peculiar chiefly for the manner in which two 
sets of ribs are inclined towards each other to form an angular V-pattern, differs 
materially from the analogous sculpture which characterises members of the section 
U ndulatre. 1.'he general resemblance of this small group to the U ndulatre is of the 
remotest kind. 'l'he whole aspect is of a widely different nature, and the alien 

1 Mon. Brit. Fo�s. Trig., PI . 21, 6g. 2 (1875). 
2 J. Sowerby . Min . Conch., . Vol. I II, PIs. 235, 236 (1819) . 
3 As figured by Sowerby (loc. cit.) a.nd by Lycett, Mon. Brit. Foss. Trig., Pi. 18, figs. 4-6 ( 1874). 

4 0p. cit., p. 85, ., Var. b," PI. 18 , figs. I, 2 ( 1 874) . 
• 'i P. de Loriol et E. Pellat. Mon. Paleont. et Geol. des etages sup. jur. des env. de Boulogne-aur-Mer. Moll. 

Aceph., p. 115. (Mem. Soc. Phys. Geneve, 'l'ome XXIV. � 874.) 

I: 
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character of the present group is assured by a study of the shells from early growth­
stages onwards. The flank-ornaments in at least one member of the group are more 
strongly reminiscent of those which are found in Goniomyte. The parallel with that 
genus is further carried out by the position of the urn bones, the posterior elongation, 

and the convex form of the valves towards the siphonal margin, which suggests B 

possible slight posterior gape. It is indeed probable that one of these T,.igonite has 
been mistaken for a G oniomya. Feistmantel 1 referred to the frequent occurrence of 
Goniom.YfJJ v-scripta in the Oomia group, but Dr. Blanford was probably right when, 
in criticising that author's paper,2 he suggested that a Trigonia was in reality referred 
to. In his criticism, Dr. Blanford wrote as follows : " The specimens attributed 
to Goniomya v-scrip ta I am unable to find in the Survey collections. It is 
nossible that there may be some mistake about the identification, and I have reasons 
for believing that the fossils at first supposed by Dr. Feistmantel to represent 
Goniomya belong to Trigonia vau. " The form attributed there and elsewhere S to 
T. vau is one of the three below described� but which one I am un�ble to say. It 
is perhaps the shell I have named 'IT. v-scripta, and this may also be the one referred 
to by Dr. Blanford ' as " allied to T. vau ; "  although, as far as the characters of 
�hape are concerned, there is in reality a greater resemblance between the rarer 
T. dubia and Sharpe's T. vau. 

In comparing the Trigoni(E of the v-scripta group with known forms, it is in­
teresting to find that the peculiar adult features by which they are characterised 
have their parallel only in T. vau 6 and an undescribed allied form, both from the 
Uitenhage series in South Africa. In these we see a strikingly similar general · 
habit. There is strong posterior elongation ; the umbones are well removed from 
the anterior end ; the ornaments of the area soon become obsolete with advancing 
growth, and the area is subsequently smooth ; the carinal angle becomes posteriorly 
rounded and ill-defined ; the ornamentation of the flank is of similar general type, 
and pqsteriorly does not extend to the upper limit of the flank or to the siphonal 
margin. The agreement in general form is very close between well-grown examples 
of T. dubio, and T. vau, but well-marked distinguishing features are present in the 
details of sculpture. T. v-scripta agrees better with the above .. mentioned undescribed 
South African form (specimens of which are preserved in the collection of the · 
Geological Society and in the British Museum.) than with T. vau. T. reCU1"va is not 
so closely oo�parable with these Uitenbage forms, though it is of simila;r general 
type when adult, but its youthful characters are almost identica,l with those of 
T. v-scripta. 

1 0. Feistmantel. Notes on the age of some fossil floras in lndia. Ree. Geol. Surv. Ind., Vol. IX, Pt. � p. 116 
(1876) . 

2 W. T. Bl anford. The palreontological relations of the Gondwana System . Reo. Geol. SulV. Ind., Vol . XI, 

Pt. 1, p. 1 18 (1878). 
a H. B. Medlicott and W. T. Blanford. A Manual of the Geology of India. Pt� 1, pl XXXVIII (1879). 
4 M anual of the Geology of India. Pt. 1, p. 261 (1879). 
5 D, Sharpe. Description of Fossils from the Secon�ry Rocks of Sunday River, etc. �n!l. Geol� Soc1 Lond . .! 

2nd Ser., Vol. VII, p. 194, PI. X XII, fif;. 5 (1866). 
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Having in view the striking similarity between the five forms here mentioned, 
I was at first inclined to unite them as constituting the " group of Trigonia va"," 
scarcely doubting that the peculiar combination of adult characters was a sufficiently 
sound indication of close affinity. A careful examination, however, has revealed 
wide differences in the nature of the youthful growth-stages. In each case in which 
it has been possible to study these early characters, it is seen that the youthful stage 
presents a totally different aspect from that of the adult. In the two Uitenhage 
forms, which, when full-grown, differ from one another as widely as they do from 
two out of the three Oomia shells, the youthful stages agree closely ; the ornamenta­
tion is of a very simple character and consists of very deJ icate and closely crowded 
raised lines, which have a concentric arrangement and extend from the frontal 
margin across the flank without break to the cardinal margin. The area and 
escutcheon are hardly defined, and bounded by no carinro, properly speaking. In 
T. v-scripta and T. recurva, on the other hand, the differentiation of sculpture in the 
youthful period is much more complete, a.nd is of a kind seen at no stage in the 
Uitenhage shells. The concentric costro of the flank are very few in number, are 

, relatively coarse and well-spaced, and become attenuated at a well-defined carinal 
angle, to pass obliquely forward across the narrow area and terminate at a well­
developed, though minute and delicate, linear ridge which represents the inner carina 
of other Trigonim. Close to the umbonal apex this marks off a smooth escutcheon. 
The transition from these well-distinguished types of early sculpture to the adult 

. ornamentation in the Oomia and Uitenhage individuals respectively, is effected by 
changes which are by no means alike. These facts furnish the justification for retain­
ing separately a " group of Trigonia vau " and a " group of Trigonia v-8cripta." 

T. dubia, in which, owing to imperfect preservation, the characters of the youth­
ful period are unknown, may be provisionally included in this group. Its general 
agreement with T. vau, so far as adult features are concerned, is greater than that 
between T. 'V au, and the remaining two members of the v-scripta group ; but the 
agreement between T. v-scripta arid the above-mentioned undescribed form which 
accompanies T. t:au is still more complete, and yet the growth.stages in that instance 
point to independent development. 'l'his convergent development in the two groups 
of Trigonia here compared, together with other examples of the same phenomenon, 
will receive further mention in my concluding remarks. 

TRIGONIA nUBIA, nov. , PI. VI I, figs. 3 - 5. 

IJescription.-The shell is of elongated form and is moderately inflated ; it is 
produced posteriorly and the frontal margin forms a strongly convex outline. The 
umbones are situated at about one-quarter of the shell's total length from the fore .. 
most point. They are not �trOl1gly conspicuous and are very slightly recurved. 
The cardinal margin forms a slightly conca-ve outline as it slopes gently away from 
the umbones. The foremost point of the valve is situated within the lower half of 

the frontal border. This border passes by an unbroken curve into the lower border. 
The greatest inflation is attained somewhat anteriorly to the middle of the valve. 

E t 
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The marginal carina is weakly emphasised and of blunt, rounded form, being 
marked towards its posterior part by a series of faint, broad, rounded humps or folds, 
separated by narrow, short, shallow grooves. Traced posteriorly, the carina becomes 
ill-defined, and in all probability gradually obliterated. 

The flanks are ornamented by costoo which fall into two series, an anterior 
horizontal series and a posterior series of downwardly direoted costoo. 'l'he ribs of 
the anterior series are numerous and crowded, and are directed for the most part in a 

direction parallel to the lines of growth ; more seJdom, some of these cost.oo are slightly 
obliquely directed, and show an upward inclination when traced forwards. They . 
are of blunt, rounded form, and are separated by narrow grooves. Considerable 
variation is shown in the number, relative strength, and arrangement of these ribs, 
which may exceed 18 in number in a specimen in which the height, measured from 
the umbo, is 23 mm. While in some cases the ribs may be approximately equal to 

one another in strength and breadth, in other specimens great inequalities in these 
respects have been observed. Sometimes the costoo are arranged with considerable 
regularity ; at other times a few of them may be slightly sinuous, or may terminate 
anteriorly before reaching the frontal margin. The costro of this series terminate 
posteriorly to meet the coarser and less numerous posterior costoo at an angle, with 
the result that a characteristic V -form ornamentation is produced on the flanks. At 
successive stages of growth the V-apices lie at an increasing distance from the 
anterior margin, so that they are situated on an oblique line drawn from the umbo 
towards the middle of the inferior border. 

The costro of the posterior series (probably 8 at least in number) are down­
wardly directed. Those first formed are separated above from the marginal carina 
by a narrow, smooth space, and those successively formed are bounded above by a 
space increasing in height when traced posteriorly. The ribs of this series have a 
radial disposition ; those first formed are directed slightly anteriorly when traced 
downwards. At about the fourth rib the direction is vertical, while the successively 
formed ribs have an increasing posterior inclination. The ribs are broad, blunt, and 
rounded in form, and are separated by trough-like interspaces narrower than the ribs 
themselves. The first-formed ribs are very short, but each rib successively 
formed attains a greater length than the preceding one until the fourth or fifth is . 
reached, when, in a specimen measuring 32 mm. in height (from the umbo), the 
fifth rib extends downwards to terminate close to the valve-margin. 

The area appears to be marked by a longitudinal, ill-defined, and shallow median 
groov e. The escutcheon appears to be relatively broad, lanceolate in outline, and o� 

slightly excavated form, It i$ feebly differentiated from the area. 

Dimensions :� 

(1 )  (2) (3) (4) 
Greatest length of incomplete specimen 26 35 35 44 mm� 
Probable original lengtb of specimen . 37 42 46 55 " 

Height measured from the umbo 2 3  2 5 28 82 " 

Greatee-t depth of a single v�ve . 9 10 10 12 " 
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Occurrence. -The half·dozen specimens at hand were obtained from Oomia 
strata at H uroora. 

Remarks. - None of the specimens which I have united under this name are 
sufficiently well preserved to show the type of ornamentation at an early stage. 
All the individuals are, in fact, considerably weathered, so that certain features 
have become obliterated. Further, no single specimen is complete, for in each case 
the shell is broken off posteriorly, probably at a considerable distance from the 
siphonal margin. It is possible that in the material available, no fully grown 
individual is present, and that if full dimensions were reached no rib of the posterior 
series would extend downwards to the inferior border. 

In the above table of measurements, the figures representing the probable total 
length of the specimens when complete are arrived at by a study of the growth· lines, 
and by comparison with the dimensional relations in T. vau, Sharpe/ a South 
African form characterised by V·form ornamentation, to which T. dubia bears a 
striking general resemblance. An examination of Sharpe's original and other speci· 
mens of T. vau in the collection of the Geological Society shows that the two forms 
are similar in general outline, in the relative convexity of the valves, and in the 
position of the umbones. The ribs of the posterior series are similar in regard to 
their breadth, number, and diJ'ection. In T. vau, the ribs of the anterior series, 
though narrow and crowded as in T. dubia, are seen to be upwardly inclined as they 
depart from their point of meeting with the posterior ·series, and are crossed 
obliquely by the lines of growth. In T. dubia, on the other hand, these anterior 
costro are placed in a direotion qtlite , or almost, parallel to the inferior border, and 
the a.ngle of the lateral V is therefore not so acute. Moreover, before individuals 
of T. vau have reached half their full dimensions, the costre of the frontal series cease 
to be formed close to the frontal border. There arises, therefore, a space devoid of 
ornamenting ribs, marked only by ridges and furrows of growth, and bounded 
posteriorly by the last-formed obliquely directed costre of the frontal series. This 
peculiar character is totally absent in T. duoia, in no specimen of which is a frontal 
unsculptured space seen, although, in respect to siZe, all the individuals examined 
considerably exceed the dimensions at which this feature becomes noticeable in 
T. ",aU. Alt�lOugh the character of the sculpture at an early stage in T. dubz'a is as 

yet unknown, it is not improbable that the costal plan of a young shell might agree 
with that shown by T. v·scripta and T .. 1'8CurV(J rather than with that found in 
T. vau. In addition to the distinctive features above noted, Sharpe's type is of 
larger dimensions than the known specimens of T. dubia. 

Of other Trigonire characterised by somewhat similar ornamentation and along. 
:ated figure , a form which occurs in Uitenhage strata, associated with T. "au and 
.closely allied to it, differs from T. duiJia in its much greater compression and much 
larger dimensions ; further, in its greater posterior elongation and its coarser 

scul pture, as well as in some details of ornamentation. The other two known 

I D. Sharpe. Description of FOI8ila from. the Secondary Bocks of Suciay River, et.c. Trans. Geol. 8oc. Lond.,. 2nl} 
Ser., Vol. VJI ,  p. 194, pl. XXII, 5,. I) (1866). 
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members of the v-8cripta group alone remain to be compared. T. 1)-8Cripta differs 
widely in its stronger compression and its more centrally placed umbones ; also 
in the coarseness and much steeper inclination of its anterior costro. Further points 

of distinction are seen in various details of sculpture and in the wide difference in 

dimensions shown by these two forms. There appears to be closer affinity between 
T. dubia and T. 1'ecurvrJ, but here also the distinctions are w ell marked. Although 
the ribs of the anterior series in numerous specimens of T. 1'eCU1'Va are similar 
to those of T. d�/.;bia in strength and direction, the posterior ribs are widely different. 
In T. 1'ecurva they commence to be formed as single tubercles, retain at their fullest 
development a weakly nodose and somewhat irregular character, and are narrow, 
short, and separated by wide interspaces. Moreover, they never assume a vertical 
direction, and aloe inclined towards the anterior ribs to form an obtuse an gle. 

T. 1'ecurva is further distinguished by the large un sculptured space in the posterior 
half of the flank, by its more centrally placed and more strongly recurved umbones� 
and by its more weakly inflated form. 

TRIGONIA V-SCRIP TA, nov., Pl. VII, figs . 6- 8 ; PI. VIII, figs . 1-3 . 

.Descrip tion. -The shell is elon gated in form, relatively compressed, narrowed 
and much produced posteriorly. The umbones are situated just anteriorly to the 
middle of the shell ; they are neither very prominent nor strongly recurved. From 
the umbo the margin slopes obliquely forward until, in the lower half of the shell, 
where the foremost point is reached, it forms a promfuent convex outline, passing by 
a relatively sharp curve into the inferior border. The cardinal margin slopes gently 
backwards from the umbo to form a slightly concave outline. The siphonal margin 
is relatively short and has a rounded convex outline, The valve attains its greatest 
inflation under the umb o, but in the low er half of the shell the flank s have a some­
what flattened aspect. 

At a distance somewhat exceeding 10 mm. from the umbo, the marginal carina 
is sharply marked, and is ornamented by transversely elongated swellings separated 
from one another by narrow interspaces. When traced posteriorly, the carina 
becomes blunter, broader, and less clearly marked, and the successively formed trans­
verse ornaments become gradually so broad that at a distance of 25 mm. from the 
umbonal apex they may have a measurement of 4 mm., and may encroach slightly on 
the flank . Posteriorly to this, these ornaments die out, and the carina itself becomes 
obsolete ; the area becomes less clearly marked off until, towards the posterior end of a­

full-grown indivi dual, there is no line of demarcation bet ween area and flank, and the 
one passes into the other by a rounded curve crossed by numerous lines of growth. 

The flanks of the adult shell are ornamented by a characteristic V-form sculp ­
ture, formed by two series of steeply inclined costro which meet at an acute angle. 
At a young stage a single series of curved concentric costro is developed. Within a 

space of about 5 mm. from the umbonal apex at least three such costro are present, 
separated by interspaces as wide as, or somewhat �ider than, the ribs themselves. 
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The ribs formed subsequently to these fall into an anterior and a posterior 
series, those of the former series being more slender and more closely crowded 

than those of the latter. The first -formed ribs of the anterior series are delicate 
i n  character and show less strong oblique inclination than those developed later, 
though the change is effected gradually. At such dimensions that a vertical 

line drawn from the umbo to the inferior margin m easures 1 5  mm., the upper, 
anterior ends of the ribs are somewhat swollen in character and slightly bent 
towards the horizontal. At a somewhat later stage these irregularly swollen and bent 
ends appear to stand in less regular continuity with the remainder of the ribs, and to 

hecome identified rather with broad, rounded ridges of growth, which, in the lower 
half of a full-grown shell, mark the anterior part of the flank. In the lower third of 

the :flank in a speci men 50 mm. in height (measured from the umho) a space, 

measuring about 12 mm. horizontally from the foremost point of the shell, is occu­

pied by such irregular ridges and furrows of growth, the space being bounded 
posteriorly by the steeply inclined anterior costro. By the intersection of these 

hackwardly continued ridges and furrows of growth with the obliquely placed costro, 

or independently of this, the costre assume a more or less irregular aspect, and are 

marked by repeated swellings and constrictions. These anterior costro may number 

at least 15 in a full-grown shell. 
rrhe costre of the posterior series are somewhat more steeply inclined than those 

of the anterior series, and several of those which are most backwal'dly situated may 
assume an almost vertical direction. The ribs of this series number about 15 in a 

full-grown specimen. They have a blunt, rounded form, and reach a breadth of 
a mm. or 4 mm., but are separated by interspaces having only about half this breadth. 

As the posterior end of the series is approached, the ribs become more crowded and of 
narrower form. The first formed ribs of the series commence above, close to the 

marginal carina, but as the series is traced backwardly, the upper terminations or 

the ribs become situated at a gl'adually increasing distance from the area ; the 
ribs also cease to be formed at some distance from the posterior end of the 

shell, so that on the flank a roughly wedge· shaped space remains (with apex 

anteriorly and upwardly directed) devoid of ornamentation and marked only by 

numerous lines of growth. The ribs of the posterior series when crossed by the coarse 
ridges and furro ws of growth which, when present, run parallel to the pallial border, 
assume some irregularity of form, and may be marked by swellings or constrictions. 

The V .. apices formed by the meeting of the lower rib -terminations of both 
series are successively placed. at a slightly greater distance posteriorly to a vertical 

line drawn through the umbo. 1'here is a cessation of rib·fonnation before the full 

dimensions are attain ed, and this change may take place when the shell has reached 

a height varying from 40 mm. to 60 mm. The flank is subsequently marked only 
by furrows running parallel to the pallial border, and by broad or narrow, rounded, 

intervening bands or ridges which appear to mark irregular periods of growth. 

Such an unornamented portion of the flank, separating the lower termination of the 
sculptured part from the pallial border, may attain a height of 25 mm. 
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The ai'ea is sharply marked off in young shells, and inclined at right angles to 
the flank . As gro wth advances , this angle becomes more obtuse and the area less 

clearly marked off. The area shows a striking change of character at different 

stages of grow th . At a distance of 3 mm. from the umbonal apex a delicate, thread­

like inner carina is seen to separate the area from the escutcheon. For a space of 
about 7 or 8 mm. from the umbo the area is crossed by several delicate, obliquely .,. 

running, thread-like, raised lines, which pass over the marginal carina and stand in 

connection with the posterior terminations of the costro on the flank. These lines take 
a very oblique course across the area, and at their anterior terminations join the inner 

carina. At a distance of ab out 8 mm. from the umbonal apex this carina, though 
still weak and delicate in ch aracter, has become broken into a line of delicate papillre . 

These soon acquire greater strength , and from them fine lines are given out which 

pass backwardly to cross the area very obliquely, becoming somewhat attenuated as 

they do so. As the inner carina is traced posteriorly, its gradually strengthenin g 

papilloo assume the form of laterally compressed nodes, or might be regarded as th e 
thickened anterior terminations of the lines. The lines themselves are at first 
numerous and regular, but with advancing growth those newly formed become more 
irregular in si ze, and at a distance of 25 mm. from the umbo have lost their in­

dividuality and become hereafter confounded with lines of growth. The inner carina 

becomes decreasingly distinct when traced posteriorly, and finally dies out. At a 

short distance from the umbo, the area may show a shallow and somewhat ill-defined 
median longitudinal depression , which becomes broader and still more imperfectly 
defined when traced posteriorly. This may be seen extending to the siphonal margin 
in  a full-grown specimen . 

The escutcheon , devoid of ornamentation, is at first relatively broad, exceeding 
in each valve the space occupied by the area : it is for some distance well defined by 
the linear inner carina, though not deepl y excavated in form. As shBll-growth 
advances and the in.ner carina weakens, the escutcheon becomes' more definitely sunk 
like a shallow trough , though less sharply marked off, and in the posterior half of a 

full-grown individual it is recognisable only by its depressed form and smooth surface. 
The ligament groove is of short lanceolate form, and in a specimen 45 mm. in height 
(measured from the umb o) it extends backwards from the umbo for 10 mm., having a 

maximum b readth of 3 lnm. 
. 

The two teeth of the right valve diverge relatively widely, and have a mutual 
inclination approximating a right angle. The anterior tooth forms a very acute 

angle with the valve- margin anteriorly to the umbo, and is separated from it by a 
relatively naITOW space. The posterior tooth, w hich closely follows the valve ­

margin, is sli ghtly curved, with gently concave upper surface. In the left valve, 
the median tooth is of broad form, with shallow inferior indentation. The anterior 
adductor impression of this valve is trough-like in form, and is supported below by a 
strong, elongated, rounded thickening, rising from the inner valve-surface. On 
the floor of the impression arB several short, irregular, transverse ridges and 
groo ves. 
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During the last period of growth, towards the approach of full dimensions, 

increase in height is more rapid in proportion to growth in length than at earlier 
stages ; hence, the largest specimens are relatively shorter and show less strong 
posterior elongation. 

Dimensions : -

( 1 )  (2) 
G reatest length of complete speci-

(�) (4) 

men 83 . • .  mm. 
Probable original length of speci-

men now incomplete 55 90 105 " 

Height, measured by a vertical 

line drawn from umbo 35 50 60 73 " 

Greatest depth of a single valve 1 0  ] 5  1 5  " 

Occurrence.-Found in the Oomia Trigonia bed, north-east of Goonaree, asso­

ciated with T. spi8sico�tata, P. mamillata, P. recur'Va, etc. 
R emarks.-This Pri.gonia presents several remarkable features, especially the 

position of the umbones, the flattened form of the valves, the posterior elongation, 
and the characteristic sculpture. :By the dwindling of the sculptural features of 

the area) and the comparatively early disappearance of bounding carinre, mature 

shells which are imperfectly preserved towards the umbonal region come to present 
a somewhat deceptive outward aspect, which might at first sight suggest affinities 

with Gonio'inya. The rounded convex fold at the posterior end of the shell, corre­
sponding to the carinal angle at earlier stages, suggests, further, the possibility of a 
slight posterior gape, although no specimen examined is quite completely preserved 
at this part, and it still remains to be definitely shown that the parallel is in reality 
carried so far. 

T. v -scrip ta, though marked by a similar type of sculpture and posterior 

elongation in the adult, is readily distinguished from T. vau, Sharpe, from the 

Uitenhage beds of South Africa. The valves are more compressed and the umbones 
more widely removed from the anterior margin than in the African shell. In the 
details of sculpture, too, certain differences are easily discernible. In T. v-scripta 
a steeper inclination of the anterior costre results in the formation of a more acute 
angle between them �nd the posterior series. In T. vau the anterior costre are closely 
crowded towards the frontal border, while the corresponding ribs in this Indian form 
are coarser and more swollen in character, and are at the same time less numerous 
aHd more widely spaced. A further distinction of greater importance is seen in 
the SCUlpture at an early stage of  growth. In T. vau the shell is covered for some 
little distance from the umbo with delicate and closely crowded, concentric linear 

costre., which pass right over the area and escutcheon and show on the flank no sign 
of the V -form ; this only becomes acquired at a distance of a bout 10 mm. from the 
umbonal apex.l In T. v-scrip ta, on the other hand, the first-formed costm. 

1 R .  Tate. On some Secondary fossils from S. Africa. Qua.rt . Jour n. Geol. Soc., Vol. XXIII, Pl. VII, fig. 8 
1867). There has been some error in the lettering of this plate, but the ehell represented in fig. 8 (and not referred to 

in ex planation of pla.te) is in the collection of the Geological Society . The figure is i ndifferently executed ; it iI drawn 
somewhat Ia.rger than the natura.l sjze and shows imperfectly the true chara�ter of the ornamentation. 

L 
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though concentric in arrangement, are very much less numerous and more widely 
spaced, and assume an angular form already at a distance of 5 mm . from the umbonal 
apex. The costro of the posterior series begin to be formed much sooner than in 
T. vau, and the differentiation of the valve-surface by the development of a marked 
marginal carina takes place at a much earlier stage in T. v-scripta. Other characters 
which distinguish these two Trigonice during the youthful period of development 
will be found stated above, in the remarks which precede the description of 
T. dubia. Trigonia vau is not known to attain the large dimensions reached by 
T. v-scripta. 

A Trigonia represented by two individuals in the collection of the Geological 
Society, collected by Rubidge from the Uitenhage beds of Zwartkop River, shows a 
closer similarity to T. v-scripta. These two valves are incompletely preserved and 
are united by matrix to form one specimen which bears the label " Trigonia vau, 

variety . " A fine specimen of the same form is preserved in the .British Museum 
(Natural History) ,  and is labelled " Sunday River." It differs from P. vau, and 
approaches T. v-scripta in the compression of the valve and the position of the 
umbo, which is well removed from the anterior border. There is a striking resem­
blance in the sculpture, and in the generai aspect, to T. v-scripta, but the shell 
(80 mm. long) differs from specimens of T. v-scripta of approximately equal size in 
having a relatively more elongated figure, with less height. 1'he Oomia shell is 
anteriorly more rounded and less produced and pointed in front, and also has a more 
acute angle formed by the junction of the anterior and posterior ribs. The peculiar 
twisting and swelling of the anterior ribs towards their frontal termination is similar 
in these two forms. The character of the African shell in youth, with its delicate, 
crowded, concentric linear ornaments extending over the whole surface, unites it 
much more closely with T. vau than with T. v-scripta. At a height of 8 mm. from 
the umbonal apex, the last rib formed is slender and has a concentric form. Indica­
tions of bending in the ribs first appear at 10 mm. below the apex. Thus, in youth, 
this undescribed form is practically identical with T. vau at a corresponding stage 
of growth, but in its adult characters it has more resemblance to T. v·scripta than 
to T. VaU. 

T. v-scrip ta differs considerably from T. recurva, with which it is associated, . 
not only in its much larger dimensions, but in the adult sculptural oharacters also. 
In T. recurva the two sets of ribs on the flank of the adult are much less steeply 
inclined towards one another and the posterior ribs are relatively much shorter, while 
the unornamented posterior portion of the flank is proportionately more extensive. 
There is much closer agreement in the youthful characters of these two forms, which, 
until the shell has attained a height of about 5 mm . ,  are practically identical, 
exoept for the fact that in T. 'I)-scripta the first-formed concentric costm are less 
numerous. In both, the narrow area is at this early stage similarly ornamented by 

obliquely-running, delicate, linear extensions of the flank-costro, which terminate at 
a minute linear ridge representing the inner carina. The subsequent growth-stages 

may be lQoked upon as exemplifying divergence in members of � common stoQk, 
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TRIGONIA RECURVA, nov., PI. VII I,  figs. 4-6 . 

. Description.-The shell has an elongated, sub-ovate outline ; it is much drawn 
out posteriorly and has a strongly convex frontal profile . The umbones are situated 
far back, though anteriorly to the middle of the shell, and are definitely recurved. 
The degree of inflation varies considerably, but the valves are often of compressed 
form. The frontal margin passes by a sweeping convex outline and without break 
into the lower border, which, in turn, is gently curved in form, giving a convex 
outline. The cardinal margin slopes gradually backwards from the umbo with a 
straight or very gently concave outline. (rhe siphonal margin is very short, and 

convex in profile. The convergence of the cardinal and inferior margins towards 
this short siphonal border causes young individuals to appear bluntly pointed 
posteriorly, but as the full-grown state is approached , the posterior outline forms a 
broader curve, giving a less pointed aspect and reJatively  greater height at this 
extremity than during earlier growth-stages. 

The marginal carina is at first ill-developed, existing only as a blunt and rounded 
fold. At a distance of  10 mm. from the umbonal apex it may assume the character 
of a more definite ridge, though considerable variability is shown in its form. It 
may be sharp and angular or may retain a blunt character. After a length of 
5 mm. is attained, the carina is devoid of ornaments and is marked by numerous 
delicate lines of growth. With advancing growth the carina becomes broader and 
less well defined, and at a length of 1 5  mm. has already assumed the aspect of a 
blunt and broadening fold, which continues to increase in breadth and to become less 
sharply defined when traced posteriorly. 

The ornamentation of the flank in a full-grown specimen falls into two portions ,  
an anterior series of ribs and a posterior series of tubercles or  nodes and short nodose 
ribs. The change in the type of sculpture at different stages of growth is very 
marked. In young shells, measuring about 5 mm. in height (by a vertical line from 
the umbo to the inferior border) , a series of concentric ribs pass over the whole of 
the Hank, become thinner at the very blunt marginal carina, and bend forward to be 
continued as attenuated thread-like lines, crossing the area obliquely and terminating 
at an inner carina. These ribs vary somewhat in number, but there are usually 
6-8 ; they are narrow, and separated on the flank by interspaces wider than the ribs 
themselves. The lowest two or three of these concentric ribs tend to become swollen 
to form a node or weak tubercle just before reaching the marginal carina. The 
anterior part of the flank is subsequently ornamentecl by numerous ribs similar in 
strength to those first formed, though more widely spaced. Commencing at the 
frontal margin, they pass backwards with a varying downward inclination and are 
thus crossed obliquely by lines of growth. They terminate posteriorly at first under 
the umbo, but those successively formed extend backwards for a slowly increasing 

distance so that in a shell 25 mm. in height (measured from the umbo) the last­
formed ribs extend to almost half the length of the valve. Considerable variation is 
shown in the formation of these ribs of the anterior series. They may be placed. 

L i  
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almost parallel with the pallial border, or may be inclined with considerable obliquity. 

They are also very variable in number ; thus, in specimens 20 mm. in height 
(measured from the umbo) , from 14 to 22 ribs may be counted, including the first­
formed concentric ones. These anterior ribs frequently show irregularity of form ; 
they are often slightly sinuous in their course and develop numerous swellings and 
constrictions. Sometimes the continuity of the ribs becomes broken, when they 
may be locally replaced by short and rounded discontinuous ridges or little swellings 
which lose their regular linear arrangement. These irregularities are produced 
when prominent rounded ridges of growth cross the ribs, and perhaps also indepen­
dently of these. As the shell approaches its full dimensions, towards the lower half 
of the frontal border, the anterior ribs may be quite replaced by ridges or furrows of 
growth , and these finally also replace all the ornamentation of the flank for some 
little distance from the inferior margin. 

The posterior ornamentation, which begins to be differentiated when the shell 
has reached a height of from 5 mm. to 10 mm., consists at first of two or three 
isolated tubercles successively produced, separated by interspaces broader than the 
diameter of the tubercles. The first-formed isolated tubercle is separated by a narrow 
space from the marginal carina, while each one subsequently formed is placed 
below and slightly posteriorly to the last, and thus' at an increasing distance from 
the carina. After the shell has attained a height of from 10 mm. to 15 mm., the 
single tubercles are replaced by short rows of less well-defined, transversely e]ongated 
nodes, arranged ·with more or less linear regularity to form short, obliquely directed 
ribs. These have a varying downward anterior inclination and terminate at the . 

posterior limit of the anterior rib -series to form with the latter a sort of V-form 

ornamentation. The short costoo or lines of nodes of the posterior series are from 
four to six in number, and each on� is from 5 mm. to 8 mm. in length. A transverse 
elongation of the nodes forming these ribs occurs where they are crossed by ridges 
of growth, and results in some irregularity of appearance. The last-formed 
ornaments of this series extend a short distance into the hinder half of the Hank, 
which, posteriorly to this, is devoid of sculpture and marked only by numerous lines 
of growth. 

The narrow, (Jlongated area is well defined except in its posterior half, whioh, in . 

a well-grown shell, is marked off from the flank only by the increasingly blunt fold 
which replaces the carina. At a distance of about 6 mm. from the umbonal apex, 
the area becomes smooth, and its surface is afterward� only ma�ked by lines of 
growth. I t is medially sunk in the form of a shallow longitudinal depression, 
broadening when traced posteriorly ;  in well-preserved individuals this can be 
followed throughout the whole length of the area. 

The smooth escutcheon, which with advancing shell-growth ceases to be defined, 
is relatively broad, and wider than the area in its anterior part in each valve ; it is 
not excavated in form, but is at first well marked off by the delicate, thread-like 
inner carina, which dies out at a distance of about 10 mm. from the umbonal apex� 
'l'here is subsequently no sharp line of demarcation between area and escutcheon. 
Posteriorly to the ligament pit the valve-margins are well raised up to form a sharp 
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ridge where they meet in the middle line. The ligament pit is of narrow lanceolate 
form, extending backwards from the umbones for a distance of 10 mm. in a specimen 
measuring 30 mm. in height. 

lJirnensions :-
(1)  (2) (3) (4) 

Greatest length of complete �peci-

men . 36 . . .  mm . 
Probable original length of �peci-

men now incomplete 32 34 50 " 

Height measured from the umbo 2 0  21  2 2  31 " 

Greatest depth of a single valve • 6 6 6 1 0  " 

Occ·u rrence.- T. recurva accompanies T. v-scrip ta in Oomia strata, and is 
well represented ·in the collection. The localities are north-east of Oomia and 
north-east of Goonaree (Trigonia bed) . A large majority of the specimens is 
from the latter locality. 

Remarks.-In this variable form, as in the two previously described, are 
combined the peCUliarities of a very distinctive type of sculpture with a relatively 
great posterior elongation of the shell and removal of the umbones from the anterior 
border. Marked features are'the reduction of the posterior rib-series and the rela­
ti vely great expanse of shell-surface, posteriorly to this, which is devoid of any 
ornamentation. The somewhat wide differences in the degree of inflation and the 
crowding of the anterior ribs, seen in certain individuals, appear to be merely due to 
variation, and a careful study of the availa.ble material has convinced me that 
a single form only is represented. It may be mentioned that specimens having 
a laterally more compressed aspect have also a more weakly defined marginal carina. 
In this respect, however, no less than in regard to the strength of the sculpture 

(which at times appears from the first to have been weakly impressed) , a deceptive 
appearance may be brought about by conditions of preservation. Here, as in 
the case of other Oomia shells which accompany T. 'recur'va, partial obliteration 
of th� sculpture has in some instances been caused by the scaling off of the outer 
shell layers. 

Doubtless owing to the delicate nature of the shell towards the siphonal margin, 
this portion is in most cases broken off, a condition of ill-preservation shared by the 
two forms previously described, which also have strong posterior prolongation. In the 
present case it is scarcely possible to decide whether the presence of the posteriorly 
broadening, longitUdinal convex fold, which in each valve replaces the carinal angle, 

resulted in a slight posterior gape, although this is suggested in the best-preserved 
individuals. 

T. recurva bears a certain resemblance to T. vau, Sharpe, from the Uitenhage 
beds of South Africa, notably in its elongated and posteriorly produced form, in the 
sweeping convexity of the anterior profile, and, in a general manner, in the nature of 
its surface sculpture. :But it is the sculpture itself which in the adul� shell offal'S 
the chief distinctive features, and the comparison of young stages reveals the widest 
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differences. While the first-formed costro of T. vau are very delicate and closely 
crowded and pass directly over the area to the cardinal border, in a space of 10 mm. 

from the umbo T. recur va has, on the other hand, developed a number of cadre less 
than half so great . Moreover, these early-formed costro do not pass directly over the 
marginal carina and area. They may become swollen towards the carina, but from 
this point are drawn out i nto fine, thread-like obliquely-running lines. These cease 
at a well-marked though delicate inner carina which later becomes obsolete, but an 

inner carina appears never to be developed in T. vau. In the full-grown state the two 

forms are alike in the possession of a smooth area with indication s of a shallow median 
furrow, and a similarly ill-defined, smooth escutcheon. On the flanks, though the 
anterior costro are alike in their irregularity, direction, and number, the posterior 
costro in T. recurva are reduced in their extent and never become vertically directed. 
In T. "au, the first-formed ribs of the posterior series arise by the inflection of the 
sinlple concentric ribs, and soon assume a robust character and finally an almost 
v�rtical direction, thus forming an acute angle with the anterior series. Further, 
the smooth ante-carinal space is always narrower in T. vau, but occupies a large 
portion of the flank in T. reCU/f'va. T. recurva is not known to attain such large 
dimensions as T. vau. 

A comparison between T. ?·ecurva and the other two members of the 
T. v-seripta group will be found in the remarks appended to the descriptions of 
those forms. 

d .  SECTION UNDULAT.L"E. 

This somewhat unsatisfactory sectional division has been utilised to comprise a 
number of forms, some of which, at least, have probably been thus united by virtue 
of merely superficial similarities. It is a convenient sectional name, however, even 
though in applying it we include forms which are not very nearly related. Certain 
of the Undulatre appear to be scarcely removed from other Trtgoni'(jJ classed as 

Clavellatro, while the arrangement of ornaments in other cases is strongly reminiscent 
of that found in the Scaphoidere. On the whole, the characters of the Undulatre 
seem to unite them with the Clavellatre, if the former sectional name be applied iIi 
the manner in which Lycett used it. There is often no marked character beyond 
the degree iri which the flank ribs are sharply bent, by which members of the two 
sections may be separated , and in some cases it becomes almost a matter of arbitraJ,'Y 
choice in which division the forms in question are to be placed. 

Lycett appears occasionally to have stretched a point in his endeavour to bring 
within this flexib le section certain forms which could not otherwise be conveniently 
disposed of. T. costat ula, Lycett/ for instance, appears t o  have 'little in common 
with most representatives of the section, and Lycett himself spoke of it as apparently 
OCClipying a position between the Costatre and Undulatre. It is in reality well 

removed from the Costatre, and totally lacks the characteristic and well-fixed type of 

1 Mon.Brit. Foss. Trig ., p. 81  (1�74:. 
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sculptural differentiation which marks all representatives of that section. It agrees 
well, however, with early stages in T. detrita, Terq. and Jourdy/ which occurs at a 
higher horizon (Great Oolite),  and which probably represents a result of prolonged 
development in such a type as T. costatula. T. detrita, also classed by Lycett 
in the U ndulatoo, certainly has an angular arrangement of ribs on the flank of 
the adult in some measure analogous to that of other members of the section, but its 
relation to many of these is probably of the remotest. The inclusion of these two 
Trigotjif13 in the Undulatoo is alone sufficient to reduce this sectional name to the 
level of the merest convenience, but even though they be excluded, it will be well 
in regard the section as still of a very artificial nature . The character of bent ribs 
ornamenting the flank, or of two sets of ribs inclined at an angle, is one which alone 
is of little value in indicating relationships. It is only necessary to recall the 
analogous arrangement of mutually inclined or angularly bent ribs in certain of the 
Scabroo, in the group of T. 'VctU, or in the group of T. 'V-scripta, whose representa­
tives are well separated by their other characters from both the Clavellatoo and 
Undulatoo. 

Choffat's proposal 2 to extend the scope of this section by making it include such 
forms as T. d-uplicata, Sow. , and its allies, appears to me to be inadvisable. These 
show extremes of sculptural arrangement which are separated in no sharp manner 
from the peculiar plan of ornaments in the forms, such as T. navis, Lam., and 
T: Lorioli, Choff., which are considered by Choffat to be typical Scaphoidere. The 
characters of the muricata-Zusitanica group, a series of forms likewise described by 
the same author under the heading " Undulatoo, " appear to oscillate between the 
clavellate and scaphoid plan. 

By excluding from the U ndulatoo all the above-mentioned forms, in addition, 
perhaps, to such a doubtful case as T. literata, Young and Bird (which, like the 
muricata-Zusitanica group, appears to be somewhat intermediate between the 
clavellate and scaphoid type) , the sectIon assumes a less diverse character. We may 
conveniently utilise it to comprise, at least provisionally, forms which in figure and 
ornamentation bear a general resemblance to the Clavellatre, but which show angu­
larly bent ribs on the Hank of the adult, or two series of ribs inclined at an angle. 
It may be that all representatives of  the section, as thus conoeived, are closely 
related to true Clavellatoo, in accordance with Choffat's view. It is true that many 
members of both sections -exhibit the strongest similarity in the youthful stage. It 
is commonly seen that in the youthful period the concentric ribs of the flank pass 
over the area, and only with the approach of adult characters do the transverse 
ornaments of the area become more numerous than the costoo of the flank. It is not 
imI)robable that most of the Undulatre merely represent a divergence from the nor­
mal clavellat e plan, and some of them have in all probability acquired their dis­
tinguishin g sectional characteristics independen tly, and have branched off at different 

1 0. Terquem et E. Jourdy. Mon. de l'etage Bath . dans Ie Derart. de Ia M oselle ; 2e Partie, p. 11 1, PI. XII , 
figs. } ,  2. Mem. Soc. G�ol. France ; �e Ser., Tome IX (1871). 

2 P. Choffat. D�script. Faulle J U J  ate. du Portuga l ,  Moll. Lamell. , Asirhonid/l!, pp. 15. 24 (] 885) . Comm 
'rrav. G�ol. Portugal, 
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times. It is, of course, not possible to prove the unity even of the section ClaveI1atre, 
f rom members of which we may suppose the Undulatre to h�ve been derived. 

The form described below is the sole representat ive of this section known from 
Cutcb . It is a significant fact , which bas a direct bearing on this rare occurrence and 
on the above remarks regarding the derivation of the Undulatre, that no single 

Trigonia conforming to the section CIa vellatre has yet been found in the jurassic 
rocks of Cutch. 

TRIGONIA REMOTA, nov., PI. IX, fig. 1. 

lJescription of a single specimen.-The shell is of elongated, sub-ovate outline. 
The umbo is situated at about one - quarter of the valve's total length from the fore­

most point on the anterior margin. The long cardinal margin slopes very gently 
down from the umbo to the posterior end, and forms an almost straight outline. It 
passes by a curve into the convex siphonal margin ; this in turn joins the inferior 
border by a curve and without abrupt j unction. The frontal margin forms a convex 

outline and passes by a sharper curve into the inferior margin which, again, is gently 
convex. The foremost point is situated at about the middle of the frontal margin. 
The inflation of the valve is relatively weak, and the flank has 8 distinctly flattened 
aspect . 

There is considerable difference b etween the ornamentation of the youthful aJ)d 
adult stages . For a length of about 10 mm . from the umbonal apex a well- deve­
loped, prominent, and minut ely tubercular marginal carina separates the Hank and 
area. ffhis subsequentl y rapidly broadens and becomes obliterated to such an extent 
that towards the posterior end the carinal angle disa ppears, and not even a definite 
fold mark s the line of demarcation between flank and area. 

The upper part of the flank is ornamented by regular, well-spaced concentric 

ribs, which are only very slightly curved. These reach to the frontal margin and 

extend back until close to the marginal carina, from which they are separated by a 

nan'ow, ill-defined groove. These first-formed costro have a steep superior Hank, and 
their lower sides slope more gradually into the interspaces ; the i nterspaces are broader 
than the ribs themselves. There are about eight such regular ribs, the lowest one situated . 
at about 8 mm. below the umbo . The tltree lowest ones are very slightly swollen at 
their posterior terminations. The subseq uently formed costre of the Hank are bent 
at an angle and have a long anterior portion directed almost parallel to the pallial 

border, and a short posterior portion which descends more steeply from the carina I 
angle. In successively formed ribs this steeply inclined posterior portion is increas­
ingly longer . These posterior parts of the ribs appear less sharply defined in form 
and somewhat thicker than the anterior portions. The spacing of the ribs is slightly 
irregular ; towards the lower part of the valve, in its anterior half, they are situated 
from one to two millimetres apart. In this specimen there are six of these inHected 
costro. 

The area is in the youthful stage strongly inclined to the flank, and at first 
forn1s a right angle with it. With advancing growth the inclination diminishes 



TRIGONIA . 81 

until, towards the posterior end, it is scaroely perceptible, and the valve-surface 
finally presents an appearance of even and very gentle convexity. In the youthful 
stage there is a well-marked and minutely nodose median carina bounded on its 
superior side by a nal'roW groove. At a distance of about 10 mm. from the umbo­
nal apex, this carina is seen to gradually assume a less definite form and to steadily 
diminish in strength. Its fine ornaments are gradually replaced by weak, well­

spaced nodes of compressed form. The accompanying groove likewise diminishes in 
definition and is fin�lly only represented by a weak and obscure longitudinal depres­
sion. In the youthful stage numerous raised lines traverse the lower half of the area 
and pass across it from the marginal carina to the median carina. They do not stricti!, 
coincide with the minute ornaments of the carina, and may merely represent strong 
growth-lines, but have rather the a8pect of weak sculpture. At 10 mm. from the 
umbonal apex they have ceased to be visible. Close to the umbo a few similar 

transverse lines have been detected on the superior half of the area. The area is 
bounded above by an inner carina, at first continuous and minutely tubercular. This 
subsequently loses in definition, and is represented towards its posterior end by a few 
well-spaced compressed tubercles. 

The escutoheon is of relatively great length and has a defin itely excavated form, 

particularly near the umbo. 

Dimensions : ­

Greatest length 
Height measured from the umbo 
Greatest depth of the valve 

36 mm. 
25 " 

7 " 

Occurrence. -Found in Oomia strata, south-east of Hubba, Kass Scarp . 
Remarks. - This specimen shows so good a general agreement in its characters 

with some typical European members of this section that, at least for the present, it 
can only be placed under this heading. The preservation is unfortunately in some 

respects imperfect ; the ribs of the flank from the centre downwards have lost some 
of their prominence, and the markings on the posterior half of the area have become 
in some measure obliterated . The escutcheon also is poorly preserved and bears 
traces of markings which may possibly indicate the former presence of fine tubercular 
ornamentation ; on this point, however, it is impossible to speak definitely. 

T. remota bears no slight resemblance to T. /leota, Lycett (bathonian) , 1 both 
i n  general form and in the sculpture of the flank. It is readily distinguished 1 

however, by the straightness of the first - formed costre, the more obtuse angle formed 
by the convergence of the costro in the lower half of the valve, by the absence of 

coarse transverse strire on the area and the presence of a median carirta. , Close mutual 
relationship is far from being proved by the points of agreement in form and 
ornamentation, and having regard to the wide chronological separation, as well as 
the probably heterogeneous character of this section, it will perhaps not be 
counted unreasonable to suggest that T. remota may represent a later and distinct 
offshoot from a stock of possibly clavellate character. 

J Mon. Brit .  Foss. Trig., p. 55, PI. 1 4 ,  fibS .  7 - 1 0  ( 18740). 
11 
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e. SECTION SCAP HOIDEbJ (sensu latiore) . 

Agassiz/ in founding this section, chose T. navis, Lam. , for his type, and 
enumerated several definite and well restricted characters in his sectional diagnosis. 
It may be questioned whether the five forms which he thus brought together 
constitute a natural group ; they probably do not. It is difficult to speak of 
T. rostrum and T. conformis, which appear to have been founded on very imperfect 
material, but there is apparent justification for the inclusion �f T. pulchella, Ag., 
and T. navis in the one category. It is quite conceivable that in T. scapha, Ag.,2 
from the neocomian, we have a form which is characterised bi an analogous arrange­
ment of ornaments independently acquired. 

Lycett included in this section a small assemblage of English forms, T. duplicata, 
Sow., and four others apparently allied to this, which differ considerably from such a 
type as T. navis. His brief account of the section and enumeration of distinguish­
ing characters appears quite inadequate when the discrepancies between the sectional 
features there given and the specific features of the duplicata group be taken into 
account. 

Choffat 3 considers4hat the union of forms like T. dupUcata with the Scaphoidere 
is inadequately based on a merely superficial resemblance, and he regards 
T. duplicata and its English allies as members of the Undulatre. In that section he 
also places several interesting Portuguese forms which constitute his sub-group of 
T. lusitanica. Of these, T. t;nu1"icata, Goldf./ and T. lusitanica, Sharpe,S with their 
passage forms, appear to offer great difficulties as regards their sectional affinities. 
The variation is great, and the series appears to have points in common with the 
Clavellatre, the Undul atre, and the Scaphoidere. T. lu,itanica itself was ronsidered 
by Lycett 6 to be " a  characteristic example of the Scabrre," but there seems to be 
little justification for �his view . I t is still more difficult to understand how this 
shell could have been included in the Quadratre, to which section it was assigned by 
Pictet.7 Indeed, the disposition of the ribs, commencing at the umbo with a simple 
concentric arrangement and subsequently breaking into two separate series, is one 
which is much more frequently found in the Undulatre and in the Scaphoidere. In 
common with this last section, and with T. navis itself, is this arrangement of the 
ornaments in T. lusitanica, together with a frequently developed flattened frontal 
face on which are situated short, horizontal ribs, thickening away from the margin. 

1 L. Agassiz. Mem. sur les Trigonies, p. 7 (1840). 
I Well figured by Pietet and Campiche. Descript. Foss. Terr. Crete Env. Sainte·Croix. Be Partie, PI. CXXVII, 

figs. 6- 8 (1866). MaMr. Pal. Suisse, 4e Ber. 
a P. Choft'at. Descript. Fau ne jul'88I. du Portugal. Moll. Lamell., Asiphonid,;e, p. 19 (1885). Comm. Trav. GtSol. 

Portugal. 
4 Goldfuss. Petrefaota Germani,;e, 2e Theil, p. 201. Tab. CXXXVII, fiE. 1 ( 1837). 
S D. Sharpe. On the Secondary Distriot of Portugal whioh lies north of the Tagul. Quart. Journ. Geol Soc., 

Vol. VI, p. 190, PI. XXI I, fig. 4 (1860). 
15 Mon. Brit. Foss. Tl·ig., p. 227 (1879). 
7 Pictet et Campiohe. DeSC1'i pt. F()IB. Terr. Cr't. Env. de Sainta-Croix. 3' Partie, p. 885 (1866). Mat'r. Pal. 

Suisse, 4e sere 
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The transverse ornaments of the escutcheon, it is true, are similar to those seen in 
the Scabrre, but this kind of ornamentation may be independently acquired in 
various Trigoni(IJ, and somewhat similar sculpture is known to be sometimes 

. developed on the escutcheon in the Costatoo and in forms from Cutch which I can 
only unite with the Scaphoidere. Extreme forms of T. lusitanica appear to me to 
approach more closely to the Scaphoidere than to the Undulatre or Scahm ; and if 
T. muricata and T. luaitanica truly illustrate a continuous and connected series, 
with a clavellate plan of ornamentation in the former and a frequently scaphoid plan 
in the latter, then we have a strong suggestion, if not actual evidence, that the 
characters regarded as peculiar to the Sca phoidere may be developed independently 
and at different times. This notion is strengthened by a study of the variations 
often assumed by shells ascribed to the U ndulatre, for instance, in T. literata, Young 
and Bird, from the Lias, in which the typical arrangement of ornaments characteristic 
of Scaphoidere is often closely approached. A study of early growth-stages in 
various Scaphoidere suggests, moreover, their derivation from forerunners whose 
characters conformed with those of the section Clavellatre. I have already remarked 
on the agreement in the youthful stages of Undulatre and Clavellatre, and it seems 
reasonable to suggest that the majority of Unaulatoo and Scaphoidere may 
represent offshoots from stocks which possessed normal clavellate characters. It is, 
further, far from improbable that, in some instances at least, the divergent scaphoid 
plan of ornaments may have been attained through intermediate stages of modifica .. 
tion having general coincidence with the recognised characters of the U ndulatre. 

Reverting once more to T. duplicata and similar forms, it has been remarked 
by Bigot 1 that a study of further material might perhaps enable us to raise this 
little group to the level of a section. This suggestion, however, appears less practic­
able in view of the existence of forms, about to be described, which in some 
measure combine features found in Europe in the two extremes, the shells like 
T. na1)i8 and t.hose like T. duplicata.. The differences in the disposition of the costre 
and the ornaments of the area and escutcheon, which are so marked if extremes be 
compared, appear, after all, to be rat,her a matter of degree ; and the facts gathered 
from a study of all apparently intermediate types point to the expediency of a 

broader treatment in the classification of these forms and a modification and ex­
tension of our ideas of the sectional characters, rather than the creation of an 
increasing number of sections . In this case I advocate the employment of a wide­
embracing and artificial sectional name as a matter of convenience, realising that 
the possibly repeated and independent acquirement of like " sectional " characters 
renders the recognition of the separate and smaller natural groups, at least for the 
pr!)sent, impossible. 

The name Scaphoidere, as understood by Lycett, was already one of broad 
application, and its members were with or without a marked anterior truncation 
and flattened frontal face. Short horizontal ribs forming an isolated series were 
present in some, absent in others. In T. naf)is, a marginal carina and tr�ns'Verse 
ornaments on the area are well developed in youth and become lost in the adult, 

1 A. Bigot. Mem. sur les Trigonies. MelD. Soc .. Linn .. Norm.. Vol. XVII .. p. 268 (1892). 
}[ Z  
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while the members of the dupl icata group retain ana l ogous, though finer, ornaments 
on this part throughout life. In T. Lorioli, Choff . ,  which Choffat considers to be a 
typical representative of the section, the area has numerous narrow transverse folds. 
The relations of the youthful concentric flank-costro and the downwardly directed 
costro of the adult are also very variable in this section . By including the forms 

below described, little modification is necessary in the sectional characters which 
,vere recognised by Lycett, though imperfectly stated by him. In the arrangement 

of flank ornaments there is no hard�and�fast line by which extremes can be separated. 

Of the forms described by Lycett, T. recticosta appears to best conform to the simple 
sculptural plan exemplified in T. navis, in which the horizontal and vertical systems 
of ribs do not encroach upon one another ; and the arrangement of the costro in 
T. recticosta and in T. Baylei, Dollfus,l appears to bear a similar relation to that of  

T. navis. In T. duplicata, Sow.,  a certain intercrossing of the two rib-systems is  
noticeable, while this is  carried still further in T. gemmata, Lye., which has as many 
as seven or eight concentric costro near the umbo . T. exo'l'tifJa, described below, has 
an intercrossing of ribs as little extensive as in T. duplicata, which it much resembles.  
This is carried further in T. j urnarensis, while a curious modification of the same plan 

is to be fo und in T. gracilis. In T. hispida, from the top of the Futchum series, the 
first -formed concentric ribs and the adult vertical ribs do not intercross, while a distinct 
set of short frontal horizontal ribs occupies the frontal face, in manner analogous to 
that of T. nal,is. T. kuichensis, from the lower part of the Charee series, exhibits 
an ornamentation of the flank similar to that of T. na'1)is, while the carinro and 
transversaly striated area are strongly reminiscent of the duplicata group. The 
l)resence of strong transverse ornamenting bars on the escutcheon in two of the 
Cutch Scaphoideoo is a notable feature ; their presence is particularly striking in the 

case of T. exortiv a, w hich other w ise strongly resembles the European T. duplioata, 

and suggests that these two forms, if descended from a common stock, had for a long 
period continued their development independently . The transverse ornaments on 
the escutcheon of T. L01"ioli, described by Choffat from the jurassic rocks of Portugal, 
are of a kind quite distinct from those of T. exortiva, and are apparently continua­

tions of the transverse ornaments of the area . 

In referring to the different sets of ribs which ornament the Hank in members of 
this section, it is con v enient at times to denote the downwardly directed ribs, 
which form the dominant ornaments  in the adult, as th e " vertical series," in 
contradistinction to those of the " concentric series " which are developed in the . 
youthful period. The ribs of the " vertical series " have as a rule a radial disposi­

tion, though all are steeply inclined ; very few of them are, strictly speaking, 
vertical. 

. 

T 1UG ONIA K U TC H E N S I S, nov., PI.  VIII, figs. 7-9. 

Descripti()n.-The shell has somewhat greater length than height. The upper 
border forms a slightly concave outline, while, in specimens not fully grown, 

1 B u ll. Soc. GO. ,1 .  Fmnce, 2° S61'., Vul X I X , p. 614, PI. 15 (1862) - A lsv,  B�got. M em-. sur lei Trigo 1I ies. p. 
109 , P i .  X I I, rg 10 ( . 892) .  1\j t b .  So<.:. Liuu . Norm" Vol .  X V I I .  
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the frontal and lower borders pass almost imperceptibly into one another, and form 
an almost continuous curve from the umbo to the lower end of the siphonal margin. 
In fully grown examples, however, a more marked appearance of vertical anterior 
truncation is produced. The siphonal margin is almost straight. It is relatively long 

and gives the shell an appearance of decided posterior truncation. The upper and 

siphonal borders form together an angle rather greater than a right angle. The 

umbones are placed far forward and are slightly recurved. The inflation of the 

valves is relatively weak and the greatest convexity is reached in the anterior half, 
while the valves appear posteriorly more compressed. 

The marginal carina is delicately tubercular, and may be sometimes separated 
from the posterior terminations of the flank-ribs by a very narrow smooth space, 
which, however, never has the appearance of a definite groove. '1'he ribs of the 
flank begin near the umbo as a simple concentric series . The ribs themselves 
are tubercular, and are separated by wide interspaces. 'fhe first three or four 
concentric ribs extend from the marginal carina to the frontal border, but sub­
sequently two series of costro are formed, an anterior and a posterior series. The 
an terior costro are straight and very short. They are three or four in number, 
are placed horizontally, and are separated by very wide interspaces. Commencing 
at the anterior shell-margin, each of these ribs is at first thin, but increases in size 
towards its posterior limit. 'Ihe ribs, which do not exceed a length of about 8 mm ., 
may be broken into two or three tubercles or nodes, and terminate posteriorly in a 

larger tubercle or swelling. 
The first two or three costro of the posterior series, which might equally well be 

considered as ribs showing a passage from the concentric series to the posterior 
series, commence at, or close to, the marginal carina . They are slightly curved, 
and each successive one is inclined more downwardly and agrees less with the direction 
of the first-formed concentric ribs. Their anterior terminations are separated by 
a narrow space from the posterior ends of the short frontal ribs. The seven or eight 
subsequently formed costro of the posterior series are well spaced and extend, except 
one, across the whole height of the flank to the lower valve-margin. They are 
at first vertically directed, but the posterior four have a slight backward inclination. 
One of the vertical ribs, however,- the front one,-is shorter than the others. 
Though terminating below at the valve-margin, it does not extend upwards so far 
as the middle of the valve's surface. It is placed at right angles to, and separated 
from, the lowest short ribs of the frontal series. It is usually a well-defined 
tubercuiar rib, but a slight irregularity may occur here, and immediately in front of 
this rib a few t'ubercles may be more or less irregularly disposed. Of the remaining 
ribs which extend from the marginal carina to the inferior border, the · front one n:ay 
be slightly bent, with the convex side forwardly directed. 

'l he area rapidly broadens posteriorly and is ornamented by a series of delicate 
transverse raised lines or fine ridges, which are closely spaced and very slightly 
curved. Though for the most part these are regular in arrangement, an occasional 
bifurcation or intercalation in the ridges may be observed . Towards the posterior 
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end of the area, many of these linear ridges encroach upon the marginal carina, when 
the tubercles of the latter may give place to raised lamellar protuberances. Though 
no median groove is, properly speaking, developed, the area is sometimes traversed 
throughout its whole length by a scarcely perceptible, ill-defined, shallow depres­
sion, dividing it into a broader lower portion and a narrower upper portion. The 
area is . bounded above by a delicately , beaded inner carina. 

The escutcheon is very sharply marked off from the area, and is of narrow, 
elongated and excavated form. Its inner margin where the valves join along 
the middle line is well raised, and the anterior half of its surface bears a few 
tubercular ornaments arranged in short, obliquely transverse rows ; the posterior 

half appears to be devoid of ornaments, but is marked by lines of growth . 

.Dimensions :-

Greatest length . 

Hei ght measured from the middle of 
the cardinal margin to the furthest 

point on the inferior margin 

Greatest depth of a single valve . 

(1 ) 

32 

26 
10  

(2) 
43 

30 
1 0  

(3) 
43 mm. 

34 " 
10 " 

Occurrence.-This form is found in the Oharee group, in the lower part of 
the series. The localities are Keera Hill and J ooria. 

Remarks.-T. kutchensis, though not closely comparable with other known 
members of the Scaphoidero, in Aome degree combines characters exhibited by shells 
of the group of T. duplicata, Sow./ and by T. navis, Lam.z The strongest 
features which connect it with the group of T. duplicata are the disposition of the 
first· formed costre of the Hank and the nature of the ornamentation of the area ; 
further, the area is bounded above and below by definite carinre. Beyond these 
points, however, there is comparatively little in common with shells of the duplwata 

group, and there are many distinguishing features ; such are, the existence of a separate 
anterior series of costro occupying a great part of the frontal border, the coarse and 
widely spaced ribs of the posterior series, and the relatively great length of the 
siphonal margin. The curious  simultaneous development and intercrossing of early­
formed concentric ribs and vertical ribs which forms so striking a feature in 
T. duplicata itself, is here totally absent. 

Stronger affinity seems suggested between this form and T. ftaViB. There is 
some general resemblance in shape, and the ornamentation of the :flank is of essen­
tially the same type. But the points of difference are nevertheless well marked. 
The first-formed concentric costfe of P. kutckensis extend anteriorly to the frontal 
margin, while the corresponding costro in T. 'll4vis are much more downwardly 
directed and are cut off anteriorly a.t some distance from the flattened frontal face. 

J Well illustrated by Lyeett ; Mon. Brit. Foss. Trig., Pl. I (1872). 
s This oharaoteristic form has been repeatedly figured ; see L. Agassiz, Mem. 8ur lee Trigoniee, p. 12, Tab. 1 

( lS�) ; aha QueD�tedt, Del Jura,. Tub. 44., fig. 13 (18c36). 
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The frontal margin is not vertical as in T. navis, but i s  more convex in outline and 

is rounded off below. The inflation of the shell is also less strong, and the anterior 
flattening at right angles to the plane of symmetry, so characteristic a feature in 
T. fin-vis, is scarcely developed. The short costre of the frontal series are not so 
numerous and not so strongly developed as in T. navis. The area also is broader and 
is ornamented by a well-developed series of delicate transvers� ridges, while in 
T. navis the transverse costellre which ornament the area of a young shell are more 
widely spaced, and, moreover, soon become obsolete as growth advances. The 
smooth area of the ad uIt T. navis is only marked by lines of growth, 'and such 
carinre as exist during early growth-stages become obsolete before the adult state is 

reached. 
In T. l'ecticosta, Lycett,l we have a form showing characters in s'ome degree 

intermediate between T. dup licata on the one hand and T. kutchensis, on the other. 
In common with the former it has a delicate type of flank ornamentation, but there 
is no intercrossing of concentric and vertical ribs. On the other hand, T. recticosta, 

while differing widely from our type in its smaller dimensions and in the much 
more delicate and crowded character of its ribbing, is strikingly simi1ar in its general 
form and its posteriorly broad area. In both cases, too, the area is ornamented by 
fine transverse ridges, and is bounded above and below by b eaded carinre. T. recti. 

costa is dissimilar, again, in not showing a complete differentiation and separation 
of an anterior series of short horizontal costre. 

Through the kindness of Prof. J. F. Blake I have been enabled to examine a 
fine specimen collected by him in lower Charee strata at Keera, which I attribute to 
T. kutchensis. 'l'he anterior vertical truncation of this specimen is well marked, 
and the height is relatively great as compared, for instance, with the specimen figured 
in Plate VIII, fig. 8, of this work. The latter is, in fact, the relatively most elongated 
example of this form that I ha ve seen, but a careful examination has convinced me 
that a separation of these shells would be unj ustifiable. Firstly, some allowance 
must be made for individual variation, and in view of the wide variation exhibited 
by many Tl'igonice, and amply proved to occur when sufficiently abundant 
material is available for comparison, th is alone might in the present case sufficiently 
account for the difference in form. But an examination of the lines of growth 
towards the front of a fullwgrown individual such as Prof. Blake's or that depicted 
here on Plate VIII, fig� 9, shows that as the shell approaches its full dime�ions an 
increase in height takes place relatively more rapidly than the increase in length. 
Thus when the shell had reached half or three- quarters of its full dimensions, the 
frontal border sloped away more rapidly below, and the shell had relatively less 
height than when the full-grown state was reached. This addition of shell material 
to the lower margin, especially towards the front, finally produces, too, a more 

. marked appearance of vertical frontal truncation than in younger stages. . Although 

some of the posterior ribs on the flank of Prof. Blake's specimen are not quite 

straight, but are evenly curved with. the convex side directed backwardly, I am 

& Mon. Brit. FI)i\s. Trig., p. 16,  PI. I, figs . 4, 5, 6 ( 1872). 
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inclined to think this is a character of slight importance which may be attributed to 
individual variation. In spite of slight differences of detail in the specimens included 
here under the name T. kutchensis, the type of sculpture is so striking and well 
marked, and so constant, that their specific identity seems assured. 

TRIGONIA EXORTIVA, nov., PI. IX, figs. 2, 3. 

Description.-The shell is ovately trigonal in outline, and of moderate con­
vexity. The cardinal margin is straight, and slopes gently downwards from the 
umbo. The siphonal border is moderately short and falls obliquely to form with 
the upper border an angle greater than a right angle. The frontal outline forms a 
curve which passes without , sudden change into the lower border� which is also 
convex in outline. The most forward point of the shell falls within the lower half 
of the anterior border. The umbones are not strongly prominent, and are very 
slightly recurved. They are situated at about one-quarter of the shell's total length 
from the foremost point of the anterior margin. The greatest convexity is attained 
at about the middle of the shell. The area and flank are inclined to one another at 
a very wide angle, and their junction does not always give rise to any marked ap­
pearance of angularity on the valve-surface, but sometimes there is an aspect of even 
convexity. 

The costro of the flank are of two kinds, a small series of concentric ribs de­
veloped near the umbo, and a !I1eries of vertical ribs covering the remainder of the flank. 
'The concentric ribs are curved in form, and do not as a rule exceed six in number. 
They are separated by interspaces as wide as the ribs themselves. The interspaces 
formed subsequently to the second or third rib are marked by the commencement of 
the closely crowded ribs of the vertical series. The latter quickly increase in 
strength when traced downwards in the successive concentric interspaces, and, in 
crossing the last three concentric costte, form little beads or nodes. The :first few 
concentri<? costro extend from the marginal carina to the frontal valve-margin, but 
the last one or two formed, while adjoining the carina posteriorly, usually cease 
before reaching the frontal margin. They are also . weaker than the others, so that 
the vertical costro here become thp, more prominent feature, especially in proximity 
to the anterior -margin. It may occasionally happen, however, that two or three 
short horizontal ribs occupy the frontal margin below the limit of the concentric 
costre. When such ribs are present, their posterior terminations are not separated by 
any space from the foremost ribs of the vertical series, and a slight intercrossing 
may even occur. 

The costro of the vertical series are separated by interspaces rather wider than 
the castro themselves. Those ribs occupying the surface of the flank in proximity 
to the anterior border have their lower extremities bent forwards towards the frontal 
margin. Throughout the length of the anterior border of a full-grown specimen 
the ribs become somewhat augmented in number towards the margin by occasional 
dichotomous branching or by the intercalation of a short rib , extending to the valve-
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margin. The ribs are del icately nodose in character and the direction of those 
occupying the middle of the flank is vertical, but those of the posterior half of the 
flank. have a slight backward inclination when traced downwards. The ribs of the 
vertical series may number about 20 at the upper extremities, in a large individual 
(40 mm. in length) , and about 26 at the valve-margin. 

The area is ornamented by a series of numerous and delicate transverse ridges , 

separated from one another by interspaces rather Jess than one millimetre in breadth. 

The ridges may be perfectly straigh t or very gently curved. No median furrow is 
as a rule developed, but occasionally a very shallow and ill-defined longitudinal 
depression may divide the area into a narrower superior and broader inferior portion . 

The area is bounded above and below by delicately beaded c arinre. 

The escutcheon is of narrow elongated lanceolate form ; it is well excavated, 
and its inner margin (where the valves unite) is elevated. . It is ornamented by a 

regular series of transverse, well-raised, delicately tubercular or beaded costelloo. 
These are slightly obliquely placed, with the hinder end adjacent to the cardinal . 
margin ; they are separated, in the middle part of the esc utcheon, by interspaces 
� mm. in breadth, and are devp.] oped to the llu]nber of ten in a full-grown 
indi vid ual. 

JJimensions :-

Greatest length 

Height, measured from the middle of the 
cardinal margin to the most distant 

point on the lower border . 

Grea.test del1th of a single valve 

( 1 )  
2 0  

1 5  
5 

(2)  
Z -l  

l!� 
tj 

(3) 
40 mm. 

32 " 
1 1  " 

OccUr1�ence.-Found in the lower part of the Charee group ; the localities 
ascribed are Guddera, north of Baillburka, and north of Lodrani . 

Remarlcs.-In greater degree than an y of the allied representatives of this sec­
tion here clescribed, T. exortiva bears .a marked resemblance in form and in surface 
ornamentation to T. duplicata, Sow. 1  The similarity is  indeed a striking one, but 
a careful examination. reveals several important points of differenc e. In our present 
type there is less irregularity in the arrangement of the anterior ribs of the vp.rtical 
series ; in T. duplicata these .  are more crowded, and the augmentation of their 
number by bifurcation and intercalation is carried to llluch greater development. 
T. exortiva is also well distinguished by its shorter figure, but above all by the 
presence of the prominent transverse tubercular costellre which ornament the 
escutcheon. The escutcheon of T. duplicata is devoid of ornamentation. 

A form from the Oolite of Balin near Cracow, closely allied to T. duplicata, 

Sow., and described under that name by Laube,2 differs from T. exortiva by the 

1 J. 8owerby. M in.  Couch., tab. i37, fig" 4 (18 19) ; a·lsu J .  Lycett, Mon .  Brit. Foss. 'l'rig . •  p. 14, PI.  1, figs. 
8 - 10  (1872) .  

a G .  Laube. Die Bivalven des bl'aunen Jura von Balin, p .  S 7 .  Taf. I I I, figs. B� Sa. Denkscbr. der k.  Akad . 
del' Wiss. Math. ·Nat. .  Classe. Band XXVlI ( W ien. 1867 ) .  

N 
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forward position of the umbo, the more frequent increase of the costro towards the 
'anterior and lower borders, and the absence of the transverse bars on the escutcheon. 

From T. recticosta, Lycett/ our type is well distinguished by the different 
arrangement and the greater number of its costoo. The anteriorly situat�d c08too of 
the vertical series are gently curved to meet the anterior margin Obliquely, while in 
T. recticosta they become anteriorly horizontally directed, thus giving rise to a series 

of short, horizontally placed frontal costro which, how ever, do not form an isolated 

series. 
This form is readily separated from T. gemmata, Lycett,2 by the relatively smaller 

number of concentric costro, by the less elongated figure, and by the ornamentation 

of the escutcheon. 
Rigaux and Sauvage 3 considered T. bathonica, Lye.,  and T. Bouckardi, Opp., to 

be synonymous, but these two forms are in reality perfectly distinct. T. bathonica is 
devoid of concentric ribs near the umbo, and T. Bouchardi appears to have much 
more in common with T. duplicaia, Sow. , than with Lycett 's type. Though bearing 
a general resemblance to T. Bouchardi,4 our present type differs by its larger dimen-

• 
sions, its more widely spaced ribs, and its ornamented escutcheon. 

TRIGONIA HISPIDA, nov., PI. IX, figs. 4, 5. 

Description. -The shell is sub-ovate in outline and is moderately convex. The 
cardinal margin is straight or slightly concal"e, and slopes very gently backwards 

from the umbo. The anterior margin forms a convex outline and slopes away below 
in a marked manner, to pass without a definite break into the sHghtly convex 

inferior margin. The most forward point of the shell is situated in the upper half of 

the anterior border. The umbones are very anteriorly situated ; they are not 

strongly prominent, and are scarcely recurved. The greatest convexity is attained at 

about the middle of the shell. The frontal border is somewhat flattened at right 

angles to the plane of symmetry. 

The ornamentation of the flank is of an elaborate description. The prominent 

costro which constitute the ornaments may be divided into' three series ; a first­

formed series of .crescent-shaped concentric costro, a later formed vertical series, and 

an anterior series of short, horizontal ribs occupying the frontal face. The concen­

tric and vertical ribs are narrow and prominent ; they consist of ridges studded with 

closely placed, prominent and sharp tubercles, which in places assume an almost 

spino�e character. The first-formed concentric costro are confined to the neighbour-

I Mon. Brit. Foss. Trig., p. 16, PI. 1, figs. 4-6 (1872) . 
2 1bid., p. 1 5, PI. 1 ,  fig. 7. 
3 E. Rigaux at E. �auvage . Descript. de quelques espeoes nouvel le!! de l'etage Ba.th. du Bas-Bowonnais, p. 19 

(1868). Mem. Soc . Acad. Bonl . , Vol. III. 

4 Opp�l. Die Jurafol'mation, § 61 ,  No. 48, p. 486 (1856). Oppel's  ori�inal specimen has subsequently been 

fi gured ; see A. O. Schlippe, Die Fauna des Bathonien im oberrheinischen Tieflande. Abbandl. zur gool. Spezialkart& 

v un Elsass-Lothr. Band IV, Heft lV, Taf. I I ,  fig. 19 ( 1 888). 
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b ood of the umbo. The first six or seven of these extend in orescent form from the 

marginal .carina to the margin of the flattened frontal face, though not to the 
frontal valve-margin. The succeeding two ribs, while starting from th� ca�a, fall 
short of the previous ones in forward extent ; at the same time they lose their cres­
cent shape and become more downwardly directed, thus constituting a passage into 
the posterior or vertical series. 'rhe costre of this series are straight, and their 

general direction is vertical, though the few last-formed ribs have a slight backward 
inclination. A certain number of these vertical costre (about six in a full-grown 
individual) which are situated posteriorly in the series, extend from the marginal 
carina to the inferior margin. In front of these, but occupying only the lower half 
of the fl ank, are four vertically directed costre. 'fhese anterior ribs of the vertical 
series are less regularly and symmetrically developed than those situated behind, and 

the rows of tubercles of which they are composed show some irregularity and a 
slight departure from the strictly linear arrangement. 

The tubercular ornaments of the concentric costre are produced downwardly and 
�ackwardly, each in the form of a short, narrow, thread-like ridge. These ridges are 

approximately parallel to one another, and traverse the interspace, to die out, how · 
e�er, before encroaching on the flank of the succeeding rib . This feature is developed 

in lesser degree also on the ribs of the posterior series, though it appears to be absent 

from the three or four last-formed ribs. 
The short horizontal costre of the frontal series commence at about the level of 

tlte seventh rib of the concentric series. Above this, the frontal face bears several 
fine thread-li�e lines, somewhat irregularly spaced and disposed horizontally between 
the valve- margin and the anterior terminations of the concentric ribs. The frontal 
ct )s�re themselves are thin and thread-like near the valve-margin, and thicken 
t owards theil' other extremity, where they terminate in a varix. They are developed 
to the numb er of five or six in an adult individual, and are separated by spaces 
from three to five millimetres broad. The lowest of these short ribs show a tendency 
to become tubercular and to exhibit some slight irregularity of form. 

N arrow and crowded lines of growth mark the flanks, especially towards the 
inferior margin. They are well developed on the sides of the ribs an� in the inter­
spaces, and may be seen crossing the ribs in the narrow spaces between the tubercles, 
but the summits of the tubercles themselves are smooth. 

The inclination of the area to the flank is of a somewhat marked character. The 
marginal carina is narrow, p rominent, and studded with tubercles which are sepa­
rated by interspaces. The area is ornamented by numerous narrow transverse ridges, 

which are separated by interspaces from one to two millimetres in breadth. The 
ridges have a generally parallel arrangement, though slight irregularities are seen in 
places, such as the dichotomous division of a ridge or the intercalation of a short one in 
the interspace between two others. The ridges extend from the marginal carina to the 
finely beaded inner carina, and though they are more numerous than the weak 
tubercles of the carina, no definite relationship exists between the number of tuber­
cles and the numbAr of ridges. Either one or two ridges may arise at a tubercle, or a 

N 2 
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ridge may terminate at the interspace between two tubercles. Lines of growth cross 

the area in direction parallel to the ridges, and are only observable in the interspaces . 

The escutcheon is of excavated form, and is sharply differentiated from the 
area ; it has an elongated lenticular outline, and its inner margin, where the valves 
unite at the middle line, is wel l raised. Its surface is ornamented posteriorly to the 

l i�ament groove by several well -sp aced transverse rows of fine tubercles. Anteriorly 

tn these are traces of a few delicate, transverse, closely spaced, raised lines, which 

hegin at the inner carina and do not appear to extend to the middle line. They have 
rather the aspect of being inward extensions of the area-rid ges, which here pass over 
the inner carina and encroach slightly upon the escutcheon. The ligament groove 
is of narrow lanceolate form, and extends back to a distance of more than one-third 
of the length of the escutcheon. 

I)irn ensions : -

Grea test length 
Height measured from t he centre of the escutcheon to the interior 

margm 
Greatest depth of a single valve . 

42 mm. 

30 " 
1 0  " 

Occurrence.-Found north -west of J umara in the limestone at the top of 
the Putchum group. 

Remclrks.-In the two specimens before us we have the representatives of a 

remarkable type. Though both these individu als are imperfectly preserved, the 
principal characters are amply show n, but in neith er case is th.e posterior end com­

plete, and the exact form of th e siphonal margin remains therefore for the present 
undetermined. In both specimens the escutch eon is somewhat weathered, and the 
sculpture of this part bas obviously been at one time much more plainly emphasised 

than in its present condition. It seems clear, however, that the peculiar transverse 

rows of little tubercles are quite absent fronl that portion of the escutcheon imme­

diately posterior to the umbones, whereas in T. exortiva, the essentially similar 

tub ercul ar costellre are developed throughout the whole length of the escutcheon. 
There is · no known form with which T. hispiclc(; will bear a close comparison , 

but its well-marked characteristics (and especially the sculpture of the flanks) cl early 
suggest its relationship to the various forms which have been olassed together as . 

the section of the Scaphoidere, especially if we use this name in its wider ' sense. In 
common with T. duplicata and its near allies, there is not only the presenoe of an 

anterior concentric and posterior vertical rib-system, but also an ornamented area 
hounded ab�ve and below by definite carinre. These characters, too, with the addi- ­

tion of. the curious ornaments of the escutcheon, appear to link this type to T. exor­

!iva, and the strong similarity of the latter to shells of the European duplicata group 
cannot be overlooked. 

Though differing widely in regard to size, spacing and strength of the ribs, and 
in the ornamentation of the frontal face, there is a still stron�er resemblance between 
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the arrangement of the costro on the flank of T. hisp ida and the smaller and more 
delicately ornamented T. gemmata, Lycett. 1  On the other hand we see little in 
common between T. hispida and T. navis, Lam., beyond the presence of vertical 
costro on the hinder part of the flank and a series of well-spaced, short, horizontal 
ribs on the frontal face . In T. nav�s the concentric costoo are, properly speaking, 
not developed ; the area in the adult form is devoid of ornaments, and the carinm 
are obsolete. B ut, confining our attention to the flank and frontal face, we may 
perceive in T. kutchensis an arrangemellt of the ribs in some degree intermediate 
hetween that of T. hispida and T. navis. This intermediate character lies chiefly 
in the disposition of the first-formed (concentric) costro, the fairly strong develop­
luent of the horizontal frontal ribs (which are weakest in T. hisj - ida) , and the 
intercalation of a short vertical rib extending up wards from the lower margin to the 
luiddle of the flank, and placed immediately behind the lowest three horizontal 
frontal ribs. 

A well-marked feature in the ornamentation of the specimens before us is seen 
in the little ridges arising from the nodes of the concentric costoo, and extending 
across the succeeding interspace. This is a character exhibited by various known 
h)l'ms, and when present in any given case it appears to be a constant feature. It 
is not confined, however, to TrigoniCE of one special section, and has been described 
by Oppel in the case of T. Kurri/ a nd may also be seen, for example, in a shell 
figured by Goldfuss/ and in figures of T. clatkrata, Ag.,4 T. montierensis, Lyc./ 
T. cla,vulosa, Rigaux and Sauvage,6 and a shell attributed by de LorioF to T. spini-

jera, d'Orb . It is perhaps worthy of note that other forms which aocompany 
T. lzispida are likewise robustly ornate ; for example, Rhynchonella rugosa, Rhyn­

clzonella pulcherrima and an undescribed Eligmus, all exhibit a strong type of orna­
luentation. 

TR IGONIA JUMARENSIS, nov. , PI. IX, fig. 6. 

lJescription.-The valve has greater length than height. The umbo, which 
is not Rtrongly prominent, is situated at a bout one-quarter of the total length from 
the anterior termination. The cardinal margin slopes gently backwards from the 
unlbo and forms a slightly concave outline. The siphonal margin slopes steeply, 
and obliquely truncates the valve posteriorly. The frontal border forms a convex 

1 J .  IJcet t. Mon. Brit. Fesl'. Trig., p. 15.  Pl. 1, fi g. 7 ( 1 872). 

2 Oppel.  Die J uraformation, p. 486 (1856). T. Kurri has since been fign red by Schli ppe, Die Fauna de� 

Bath. im oberrhein . Tieflande. Taf. II, fi g. �L Abhandl.  ZUl'. geoL Spezi"lkarte von Elslis�-Lothr. TId. IV, Heft. 
IV ( 1 888) .  

� Petref. Germ., Tab. CXXX VI. fig. 5a (1837). 

4 L. A gassiz. M�m. sur les Trigonies, Tab. 9, fig. 9 ( 184.0) .  
5 J.  Lycett . Mon. Brit. Foss. Trig., p .  36 (text fig.), 1872. 
6 E. Rigallx et E. Sauv�ge. Descript. de quelques especes nou v .  de l 'etage Bath. du &s-Boulonnais. p. 45 

(1868) . Mem. Soo. Acad. Boul., Vol. I I I .  

7 P. de Loriol. Etude s u r  les M ollusques et Brach. de l'Oxf. super, et moy. du J ura Bernois. PI. XIV, fii. 1. 
M em. Soc. Paloont. Suisse, Vol. XXIV (1891). 
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outline ; the inferior outline i s  also, though less strongly, convex. The valve is 
only weakly in'£lated, and has a generally compressed aspect . The greatest height 
falls at the umbo. 

1'he d.ifferentiation between flank and area at an early stage is less perfectly 
marked than when the aclult characters are attained. The first three or four 
ornamenting ribs of the flank are concentrically arranged and pass posteriorly over 
the blunt carina I angle on to the area. On the flank these ribs are slightly nodose 

and are separated by interspaces narrower than the ribs themselves. From the 
llodes, little transverse ridges descend across the interspaces and cease at the upper 
flank of the succeeding rib. The fourth or fi fth concentric rib, situated about 5 mm. 

celow the umbo, ceases posteriorly at the carinal angle, which here becomes more 
prominent and assu mes the character of a definite carina. The carina is slightly 
nodose and is continued with increasing stren gth to the postero-inferior corner of the 
valve. At a distance of more than 5 mm. below the umbo, the concentric ribs of 
the flank are more strongly nodose, and the nodes are regularly spaced and situated 
immediately below those of the preceding rib and above those of the succeeding 
rib. The little transverse ridges which arise from the nodes and cross the interspaces, 

gather in stren gth in successive interspaces and give rise to th e appearance of down­
wardly directed ribs which decussate with the concentric rib- series. There are thus 
two intercrossing rib-series. The concentric series is predominant until the valve 
has a height exceedin g 5 mm. ; the two series are then equally strong until a height 

of about 10 mm. is attained ; and finally, at greater dimensions than this, the verti­
cal rib-series becomes predominant, and the concentric ribs cease to be formed. In 
t be specimen described, there are ten downwardly directed ribs, and those in the 
posterior half of the valve have a slight backward inclination. The five posterior 
ribs of the vertical series extend from the marginal carina to the inferior border. 

The area is very slightly inclined to the flank . It  is flat in form, and at its 
broadest (posterior) part occup ies slightly less than one - third of the total valve-sur­

face. To a distance of 10 mm. from the apex of the umbo the area is crossed by 
trCi nsverse ridges separated by interspaces rather less than one millimetre in breadth. 
Further from the umbo it is crossed by delicate thread-like lines which resemble 
growth-lines, with an occasional well-marked narrow sulcation . The transverse 
ridges of the area which are formed subsequently to the first three or four concentric 
ribs of the flank do not coincide at the marginal carina with the upper terminations 
of the vertical ribs of tlle flank . The area. terminates abruptly above at its j unction 
with the escutcheon, but there is no definitely raised inner carina. The appearance 
of a sharp boundary between area and escutcheon is accentuated by the fact that the 

latter is sunk at this part . 

lJimefl,8'ions :-

Probable original t otal length (If imperfect specimen 
H e:ght measured from the umbo 

G reatE st depth of yal ve 

1 8  mm. 
14 " 

4 " 
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Occurrence.-'Found in the limestone at the top of the Putchum group, north­

west of Jumara. 
llemarks.-The single imperfect valve is the only known representative of an 

interesting form, perfectly distinct from other members of this section. Although 
probably not full-grown, it is of such w ell-marked type that I have felt no hesita'!' 
tion in regarding it as new, though it possesses fea1ures which appear to ally it 
closely with the duplicata group of the Scaphoidere. The escutcheon is only partially 
exposed to view, and could not well be freed from matrix ; there is therefore 
uncertainty as to w hether it is with or without ornamentation. 

The most striking feature of this shell is perhaps the great extent of the inter­
crossing of concentric and vertical ribs, and the equality in strength and interspacing 
of the two series where they intersect. The long persistence of the concentric costro, 
which in T. duplicata and some other similar members of the section are confined 
to the near neighbourhood of the umbo, is still more marked in T. gemmata, Lyc. / 
which also differs, moreover, in showing a less complete intercrossing of the two 
series of ribs. 

The ornamentation of the area is worthy of special remark. Close to the umbo 
the flank ribs are continued across the area as in the manner shown also by T. gra­

cilis. Then follow several transverse ridges reminiscent of similar ornamentation in 
T. duplicata and allied European forms. At a distance of 10 mm. from the umbo 
these give place to delicate transverse lines which, owing to weathering of the shell­
surface, cannot b e  very clearly traced, but which may well have been of similar 
nature to the ornaments on the area of T. gracilis. Two narrow tl'ansverse sulcations 
which are seen towards the posterior part of the area appear similar to the sulcations 
which characterise the area of T. gracilis. Owing to the somewhat imperfect 
preservation of the surface at this part, and the fine nature of the ornaments, these 
characters have not been clearly indicated in the illustration, but may be dis · 
tinguished on the specimen with the aid of a weak lens. 

TRIGONIA GRA CILIS, nov., PI. IX, fig. 7. 

])escription.-The shell is of sub -ovate outline. The umbo is situated nehr to 
the anterior end, within one- quarter of the valve's total length from _he foremost 
point on the anterior border. The cardinal margin at first slopes very gently back 
from the umbo, but posteriorly to the ligament pit it suddenly falls more steeply 
towards the siphonal margin ; the upper outline thus forms an obtuse angle at the 
posterior termination of the ligament pit . It passes by a curve into the siphonal 
margin. The outline of the siphonal margin is gently convex, and its junction with 
the lower border is sub-angular. The margin in front of the umbo forms a conve:t 

outline and passes below without abrupt junction into the gently convex inferior 
margin. The valve is very weakly inflated, having a characteristically compressed 
aspect. 

1 J .  J,ycett. MOD . Brit. F03S. Trig., p. 15, PI. 1,  fig. 7 ( 1872) . 
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The ornamentation of the youthful stage differs greatly from that of th� adult. 

'fhe marginal ca.rina is visible close to the umbonal apex, and at first has the form 
of a narrow, smooth ridge. With advancing growth it increases slowly in breadth 
and assumes a blunter form and gradually loses somewhat in definition ; in the 
I)Osterior half of the adult specimen it is crossed by well-mark ed sulcations, which 
are common also to the Ha-nk and area. The first-formed costm are concentric in 

u,l'rangement ; they do not reach anteriorly to the valve-margin, but extend back­
lVttrdly over the Hank, then cross the marginal carina and traverse the area . There 
a.ro six such ribs. They are relatively broad and blunt on the valve flank, and the 
first five have a steep supelior and a more gently sloping inferior Hank. On the 

area these costre become more delicate and attenuated, and are narrowest near the 
escutcheon. The fourth, fifth and sixth costoo commence anteriorly at successively 
greater distanoes from the shell-margin . The fifth rib, " hen traced forwards from 
the marginal carina, has a slight downward inclination ; the sixth rib is very short 
and is still more strongly directed downwards. These first-formed concentric ribs 

are crossed by a series of vertical ribs which commence near the umbo and term i. 

nate below at varying points on the flank. They are eight in number. The 
anterior one, separated fronl the frontal val-fe-margin by a space 4 mm. broad, 
is weakly developed, and terminates half way down the flank. Several succeeding 
yertieal ribs have a greater downward extent, but do not reach the inferior valve- . 
margin. These ribs are closely spaced where they crOSi the concentlic costm near 
tho ulnbo, and are lnost strongly em.phasised on the broader, lower flanks of thes�, 

alul less well marke� on the upper, steep sides. The decussation ?f the two series 
�in.'s the crests of the concentric ribs a slightly nodose character. The vertical 

rih which descends from the anterior termination of the 10lvest and shortest concen­
tric rib is stronger in character than those situated anteriorly to it . Posteriorly to 
it are several equally strong costte ,vhich commence above at the marginal carina 
and extend dO'VDwanls close to the inferior IIiargin. The last four of these have a 
slight backward inclination ,vhen traced downwards. Both the weak, anteriorly 
situated, and the stronger, · posteriorly situated vertical ribs arc rendered obscurely 

nodose by the crossing of ridges and fUITOWS of growth. In front of the anterior 
vertical costro, and below them, the valve-surface is marked only by lines of growt.h, 
except for some shori. and obscure, raised horizontal lines close to the anterior valve­
margin. The five or six posterior and stronger vertical ribs arc more widely spaced 
than the more delicate anterior onos, and have interspaces slightly exceeding onp 
millimetre in breadth. 

The area is very gently inclined to the flank. Posteriorly to the last concentric 
rib which crosses it (that is, at a distance of about 5 nlm. from the umbonal apex) , 
and during subsequent growth-stages, the area is traversed by very numerous ancl 
delicat.e thread-like transverse lines, which arise in great part at the marginal carina 
and extend to the upper margin of the area. Some of them, however, especially 
to,vards the lower part of tho valve, are continued on to the flank, wllere the�r 
appear to lose somewhat in regUlarity. On the area these cl'owded lines have the 
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aspect of definite sculpture, and although they are not all of equal strength, they 
lack the irregularity of growth-lines. In the posterior hal f  of the area the delicately 
sculptured surface is broken at fairly regular intervals of two or three millimetres 
by narrow transverse sulcations, the continuations of similar depressions on the 
flank. Throughout the whole length of the area there is a very faint trace of a 
median groove, present only as an obscure, narrow depression. 

�rhe escutcheon is of relatively great length, and has a narrow , lanceolate form. 

There is no inner carina, properly speak ing, but the escutch eon ,  which is devoid of 
sculpture, is slightly sunk at its lower side where it adjoins the area, and is thus 
very abruptly demarcated. It is crossed by obliquely transverse growth-lines, which 

are coarser and much more irregular than the transverse ornamenting lines of the 
area. Towards the cardinal margin the escutcheon is well raised up. 

The ligament groove is of narrow lanceolate form ; it is long in relation to the 
size and robustness of the shell, and extends backwards from the umbonal apex for a 

distance of almost half the length of the escutcheon . The central tooth of the 
left valve is strongly prominent and deeply indented below. A short, blunt ridge on 

the inner valve�surface marks the position of the inhalent and exhalent currents. 

J)imensions :-

Greatest length 

Height, measured from the umbo, about 

Greatest depth of single valve 

Occurrence.-Found in lower Charee strata at Keera Hill. 

27 mm. 

22 " 
6 " 

Remarks.-The specimen here described is the representative of a form w.hich 
possesses some remark able features of sculpture ; and although it appears allied by 
its general characters to the section Scaphoidere, it offers numerous points of con .. 
trast to all other forms which I have included under this head. Particularly strik­
ing is the sudden transition of sculpture between the youthful and the adult stages. 
This is noticeable not only on the flank, where the concentric ribs rapidly give 
place to vertical ones, but more particularly on the' area, where the first-formed 
transverse ribs abruptly cease to be developed, and are replaced by the closely 
crowded an d delicately transverse lines which constitute the sculpture of the area at 
subsequent stages. Another curious feature is the difference between the anterior 
and posterior vertical ribs on the flank. The transition from a weak anterior series 
to a more strongly emphasised posterior series is sudden, and forms a marked charac­
ter. The weak development and straightness of the anterior vertical . ribs, and 
the cessation of these at some distance from the frontal valve-m argin, are features 
which alone would at once distinguish this form from its apparently closest allies. 

The reasons for including T. gracilis in the section Scaphoidere should hardly 
require explanation. Though so readily distinguished from T. duplica ta, Sow., and 
its allies, it is with these that the greatest general agreement is shown. It is only 
necessary to draw attention to the shape, the marginal carina, ths transversely 

o 
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ornamented area, and the vertical ribs which occupy so great a part of the flank. More­
over, the features of the youthful period, with well-developed concentric ornaments, 
are closely similar to those of T. duplioata itself, while the manner ,of the incoming 
of vertical ribs and . the relation of these to the concentric ,series, as I have pointed 
out, is very variable in the Scaphoideoo, and the differences 'Shown in this respect 
are in great measure merely differences of degree. In th.e present case the vertical 
ribs begin to be formed at an early stage, w hile the concentric series is still the 
dominant orn amentation. There is thus considerable overlap of the t wo serie�, 
but in consequence of the great disparity in the thickness and strength of the 
decussating ribs the appearance produced is very different from that which arjses 

.from intercrossing of ribs of almost equal strength ; for instance, . in the case of 
T. jumarensis the overlapping I'ibs give rise to well-marked and evenly spaced 
nodes . 

In the faint, raised horizontal lines which may be traced for a short distance 
from the anterior valve-margin and occur almost throughout the whole height of 
the frontal face, we m&y see the rudimentary equivalents of the short, horizontal 
frontal ribs which form such a frequent character in members of this section. rl'hey 
may be seen somewhat more strongly developed, though still having a delicate 
character, on the frontal face of T. hispida in its youthful stage ; in its adult stage 
they attain great size and strength, and in the form of strong, short ribs they con­
stitute an important feature in T. kutchensis and such an extreme example as T. 
navis, Lam. 

f. SECTION PSEUDO-QUADRA.T� . 

This group-name was proposed by Steinmann,l .to comprise two inteiestin g 
T'l'igonice which appeared to him to illustrate a morphologically intermediate type 
between the Clavellatre and the Quadrat oo. These are T. Herzogi, Hau smann sp. , 

from the Uitenhage strata of South Africa, and T. tran,sitoria, Steinmann, from 
strata of presumably lower critaceou� age in Bolivia and Chili. The features w herehy 
these two Trigonice are distinguished from the Clavellatoo on the one hand, and 
the typical Quadratoo on the other, are well exemplified in the Oomia form below 
described. 

Steinmann's group-name is adopted here merely as a matter of convenience, and 
it seems to have been used by its author in similar manner. We have no ground 
whatever for believing that the Pseudo- quadratoo constitute true passage-forms from 
the Clavellatre to the Quadratoo, for this is not n ecessarily to be infelTed from such 
intermediate characters as the Pseudo-quadratre appear to possess. We may con­
sider for a moment the characteristics of these respec�ive divisions of the Trigonire. 

In the Q,uadratre the figure of the shell is typically short, and the outline sub-quad­
rate. A salient nodose sculpture ornaments the flanks. The area is 'bToad, and 

1 G. StJinmann. Die Gruppe del' Trigonire pseudo-quadratre. Neues Jahrb. fiir M ineralogie, ete., I. Bd " p. 
221 t1882). 
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not steeply inclined to the flank ; it is more or less indistinctly demarcated from 
the latter, and also from the escutcheon. The escutche

'on has a nodose or tubercular 
ornamentation. A short row of small pits, situated on the inner surface close to the 
valve-margin towards the poste:rior end of the pallial border, was regarded by 
Lycett as a special feature of the- section. 

In the group Pseudo-quadratre the g-eneral form is usually more elongated,  and 
may closely approach that of some Clavellatre. The ornamenting ribs appear to be 
more regularly developed and more widely spaced than is usually the case in the 
Quadratre. '1;he demarcation of Hank and area is also more perfect as a rule than in 
that section. Steinmann has directed attention to two further points of distinction. 
In the Quadratre the longitudinal division of the area into two portions is so effected 
that the upper portion is usually the broader, the lower part the narrower. In the 
Pseudo- quadratre the reverse is the case ; the area is divided in such manner that 
the upper portion is, narrower than the lower portion. Further, the row of impres­
sions on the inner valve-surface near the pallial margin at its hinder end, is wanting 
in the Pseudo-quadratre. 

The advantage of dealing with these forms, at least provisionally, as something 
distinct from the Quadratre will thus be readily perceived ; for the above-mentioned 
differences appear to be sufficient to cast doubt upon the near connection between 
the Trigonire of these two divisions, which, moreover, are not known to occur 
together. The Pseudo-quadratre are unknown in Europe, and no true Quadratre 
have been found to occur in the Oornia group, the Uitenhage series, or the strata 
which have yielded T. transitoria. It appears quite reasonable to follow Steinmann 
in considering the Pseudo- quadratre to be derivatives of the Clavellatre, having 
origin quite jndependently of the Quadratre and forming, as it were, a parallel group 
of perhaps equal value . . Steinmann even goes so far as to suggest that the tw o 
members of the Pseudo-quadratre known to him may have been evolved quite 
independently ot one another from two distinct clavellate stocks, and there is really 
nothing to be urged against this theory. With our present knowledge, however, it 
can scarcely be proved. N one the less, it is well to remember that we are dealing 
with a group which is probably purely artificial. The close mutual relationslrip of 
the three forms thus brought together, occurring separately in widely distant conti­
nents, is no more capable of proof than is their separate origin ; the probability for 
their independent development appears to me to be not inconsiderable, especially 
when we bear in mind the possibly analogous ca.se of T. 'V-scripta from the Oomia 
group and its striking resemblance to a U itenhage form which, in reality, it merely 
simulates. 

The exact age of the strata which have yielded the three Trigonice' thus brought 
into close comparison is in no case known with certainty, but the first appearance of 
these forms probably did not· take place until the commencement of cretaceous times. 
Steinmann supposes T. transitoria to come from lower cretaceous strata. 1'he: 
U itenbage fossils, as already pointed out, have given rise to differences of opinion 
concerning the age of these strata, though N eumayr and others have strongly 

& t. 



1 00 JU RASSI C  FAU NA. O:b' C UTCR. 

favoured a lower cretaceous a ge. In any case, though the Pseudo-quadratre cannot 
yet be considered in th emselves to afford such conclusive guidance to geological age 
as the true Quadratoo, their general aspect certainly suggests, by comparison with the 
Quadratoo, a cretaceous age. Lycett laid stress on the character of the escutcheon 
in discriminating b etween jurassic and cretaceous clavellated forms. In this respect 
all the Pseudo -quadratoo agree with the Quadratoo in having a tubercular or coarsely 
nodose ornamentation on the escutcheon . 

TRIGONIA MAMILLATA, nov. , PI. IX, figs. 8, 9 ; PI . X, figs. 1 -3. 

JJesc'i'iption.-The shell is massive, sub -quadrate in outli ne, and anteriorly . 
truncated ; the length is greater than the height. The umbones are terminal, very 
little conspicuous, and very slightly incurved. The cardinal margin forms a straight" 
outline and slopes only very gently when traced back from the umbo. At its poste. 
rior termination it passes by a curve or by a sub-angular j unction into the siphonal 
border. This forms a gently convex outline, and is relatively great in length. Its 
j u nction with the inferior margin is curved or sub -angular. The frontal m a rgin 
falls almost vertically from the umbo and passes by a curve into the gently convex 
inferior margin. The inflation of the valves is weak ; the greatest height is attained 
just posteriorly to the umbo. 

There is no carinal angle present , and the area is only separable from the flank, 
at l east in the posterior half of an adult individual, by the limits of its distinctive 

sculpture. In the anterior half of the valve the area may be limited below by a 
na rrow, smooth space across which the ornaments of the flank do not extend. This 
is sometimes traceable for a distance of nearly 40 mm. from the umbo ; in other 
individuals it is obscurely developed. 

The ornaments of the flank consist of bold tubercular ribs or rows of well­

developed, prominent , rounded tubercles. These are more delicately developed near 

the 1 1mbo, and, commencing near the area, they pass down obliquely across the flank 

to the frontal margin. In the anterior part of the valve the tubercles are not always 

closely contiguous to one another, and the ribs are well spaced . Departures from a 

strictly linear arrangement of the tubercles are sometimes to be seen towards 'the · 
frontal margin, where an apparent branching of a rib may occur. Subsequently to 

the formation of the sixth or seventh rib , the ribs become more steeply directed, 

until at the middle of a full-grown individual their general direction is almost vertical. 

They are at th e same time slightly curved in form, with the convex side directed 

posteriorly . Those ribs which occupy the posterior part of the flank are short, and 

have a slight backward inclination when traced from above downwards. In a full­

O'rown individual, twelve or thirteen ribs are formed on the flank. In those ribs which � 
occupy the middle of the valve the tubercles are most prominent, swollen in form, 
and closely crowded. They are ,of unequal size ; some are roughly circular in form, 
while many are transversely slightly elongated. The interspaces between the verti­
�al ribs are trough-like in , form and are crossed by numerous and well-mark ed lines 
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of growth which pass on to the ribs and are noticeable on the upper and lower 

flanks of the tubercles ; the crests of the tubercles, however, are, as a rule, quit e 
smooth. 

The area in its broadest part occupies about one-third of the total valve-surface. 

For a distance of about 30 mm. from the umbo the area is ornamented by transverse 
irregular rows of elongated nodes having oval or lenticular form. A line of some­

what stronger well-spaced nodes is situated along t.he lower limit of the area. A 
definite row of weaker nodes is situated along its upper limit, bounding the escutcheon. 
At a distance greater than 30 mm. from the umbo, the rough transverse lines of 

nodes which cross the area give place, by the apparent coalescence of adjacent nodes 
in the transverse linear arrangement, to a series of irregular, blunt and rounded ribs 
which traverse the area in direction parallel to the siphonal margin. These blunt 
ridges are of unequal size ; the stronger ones terminate below with swollen, club-shaped 
ends, and terminate above at the margin of the escutcheon with slight swellings . 

Some of the ridges are thin, and short�r than the maj ority, and appear intercalated 
in the interspaces between the stronger ones. rrhe swollen lower terminations 
of some of the ridges are in contact with the uppermost tubercles of the flank ribs, 
and have the appearance of coalescing with these. The area throughout its length 
is divided into a narrower superior, and broader inferior portion, by a weakly .. 

marked, narrow, linear depression. This is most perfectly developed near the umbo, 
and becomes more obscure when traced posteriorly. In the posterior half of an 
adult individual it is represented only by a slight constriction in the successive 
transverse ridges. 

The escutcheon is narrow, and of relatively great length ; it is somewhat indis .. 
tinctly differentiated froDl the area, from which it is marked off by slightly depressed 
form and more sparse ornamentation. The ornaments consist of irregular rows of un­
equal nodes or tubercles of rounded or elongated form, which cross the escutcheon very 
obliquely and termil1ate anteriorly at the cardinal margin. The nodes are small and 
delicate near the umbo, and assume a coarser character in the posterior half of an 
adult escutcheon. Certain of the lines of nodes appear to form the continua tions of 

transverse ribs of the area. 
The ligament is large, and wholly posterior to the umbones. It is contained in 

an elongated lanceolate pit which may attain a length of 25 mm. in a 'well-grown 
individual. 

The central tooth of the left valve is very prominent and has a narrow ap ical 
angle. It is produced at its posterior angle in the form of a long spur. 'l'he 
anterior tooth of this valve has very little prominence. The teeth of the right valve 
form with one another an angle of slightly less than 90°. The posterior tooth has 
great length and lath-like form, closely following the cardinal margin. rJ'he anterior 
tooth is supported upon a r�ised, thickened ledge close to the anterior valve-margin. 
The position of the inhaMnt and exhalent currents is well indicated at the sipLonal 
margin by definite concavities on the inn er valve-surface, separated by a short, blunt 
ridge, 
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1Jime'nsions :-'-
(1 ) (2) (3) ( �) 

Length . 42 5 7  8 0  8 5  mm. 

Greatest height . 3 1  4 3  65 6 1)  " 
Depth of a sin gle valve . 1 0  1 3  1 8  1 9  " 

Occurrence.-T. mamillata is common in the Tt�igonia bed of the Oomia group" 
north-east of Goonaree . 

Remarks.-This shell, by virtue of its massive character and the boldness of its 
ornamentation, forms a conspicuous feature in the fauna of the bed in which it 

occurs. It was referred to by Feistmantel as " a Trigonia Yery near to T. Herzogi, 

Hausm., from Enon on the Sunday River in South Africa. �l It has much less 
in common with the European Quadratre than ' with the South African shell men­

t ioned . 

T. Herzogi, Hausm. Sp. ,2 well figured hy Goldfuss 3 and by Steinmann,4 was 
referred by Lycett, without special comment, to the Quadratre. It is a large 
and elongated shell, and occurs numerously in the U itenhage series at localities on 
the Sunday and Zwartkop Rivers in association with T. vau, Sharpe/ and also with 
T. ventricosa, K rauss, according to K rauss.6 Though in T. mamillata the nature of 
the ornamentation of flank, area, and e�clltcheon is essentially similar to that of 
T. Herzogi, the two forms are well distul guished by several important features. ' In 
the first place, T. Herzogi is relatively much more elongated, and is anteriorly 
obliquely truncated so as to overhang in front ; the anterior truncation is, on the 
other hand, vertical in T. mamillata, and the cardinal and frontal margins form a 

right angle. This difference of figure and comparative shortness and greater height 
in T. mamil lata, in spite of some variation, are always apparent. The ornamenting 
costre, too, though alike in their number, strength, and conspicuous tubercles, are 

so mewhat differently placed . In P. Herzog i they are on the whole inclined 
posteriorly when traced from abov e , a character well shown by specimens in the Rain 
collection (preserved in the museum of the Geological Society) , though not so clearly 

represented in Goldfuss' figure. But in T. mamiUata, those ribs, situated at the 
centre of the flank, and posteriorly to this, are slightly curved, and become directed 
anteriorly at tbeir lower ends, while the corresponding ribs of T. Herzogi are back­
wardly directed and devoid of curve throughout their length. As regards the 
ornamentation of the area, it is seen that in T. mamillat", the rows of more or' less, 
isolated nodes become united to form smooth transverse ribs at a shorter distance 
from the umbo than i n  T. Herzogi, and that these lines of nodes and subsequently 

1 0. FeistmanteL Notes on the age of some fossil floras in India. Ree. Geol. Surv. Ind., Vol. IX, Pt. 4, 

p .  116 (1876) . .  

3 Hausmann. Gotting. Gelehrt. Anz., p. ) 458 (1831). 

a Petrefaota Germanire. Hd. II, Lief. 6� p. 202, Tab . CXYXVn, -fig. 5 (1837) .. 

4 G. 8teinmann. Die Gruppe der Trigonioo pseudo·quadratre. Neues J a.hl'b. fiiI' Min. 1882, Bd., J" Ta£. VII "  
figs. 1, 2 ;  Taf. IX, fig!1. 1 ,  2. 

5 G. W. Stowe. Quart. Journ . Geol. Soc., Vol. XXVII, p. 497' (1871).  

6 F. Krauss. Ueber einige Petrefacten aus del' ullteren Kreide des Kaplandes. Nov. Act. Acad. effie Le.p ... 
Ca.rol. Nat. Cur., Vol. XXII,  p. 443 ( Bonn, 1 850) . 
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formed h'ansvers e ribs are somewhat more closely spaced than in the African -she:U. 
The sculpture of the escutcheon is in all respects the same in the two for-ms. It 
may be _added that the tub ercles of the -stro:ag flank .. ribs follow ooe ,3ID.Qther more 
closely and aTe generally of greater strength in T. mamillata, and there are no .shells 
of the latter in the collection so large as the origin.al of Goldiuss' ,figur.e .or the 
largest specimens o f  T. Herzogi in the Geological So.ciety '� museum. In relation 
to the size of the shell, it may be said that the ornamentation of T. mamillata is in 
general more vigorous and salient than in T. H erzogi. 

The only other Trigonia with which this form remains .to be compared is 
T. transitoria, Steinmann,l from strata of presumably lower cretaceous age in Bolivia 
and Ohili. T. mamillata bears a stnonger resemblance to this than to T. Herzogi, 

and the form of the outline differs but little . Distinguishing feat-ures are neverthe­

less plainly apparent . In T. mam illata the area is relatively narrower and less 
clearly demarcated from the escutcheon than in the American shell .  The ornaments 
of the escutcheon are of a decidedly coarser character in T. mamillata, and the 
transverse ribs of the ·area are less nnmerous and -h ave a stouter and somewhat more 
irregular aspect. The ornamentation of these Oomia shells is altogether of a more 
rugged kind than that of T. transitoria. 

A point -perhaps worthy of note in the massive hinge of the left valve in 
T. mamillata is the weak development of the l ath- like anterior tooth. This is very 
thin, and projects but slightly above the thickened valve-margin, to which it appears 
to adhere as a thin veneer. The corresponding structure is much more prolllinent 
in the European Quadratre, and in T. nodosa, Sow. ,  for instance, projects quite 
freely above the thickened valve-margin. 

g. SEOTION SOABR�. 

There is little to be added to Lycett's account of this wide-embracing division . 

On the ground of convenience it will be well to retain this sectional name for the 
diverse assemblage of forms included under it by that author. A sub. dividing of 
th e section could b e  carried out on lines suggested by Lycett,2 which 'he himself did 
not think well to adopt, but such a splitting-up would b� of very questionable value. 
It-will be well, however, - to regard the seotion as a probably artificial one ; that is 
to say, it may perhaps comprise forms which, though they appear united by genera] 
resemblance of characters, have been evolved indepen dently from separate though 

perhaps similar ancestral stocks, thus Iorming parallel groups. Such may, for 
instan ce, have been the case with the aliformis group and the spinosa group. For 
the ancestry of these we must probably look to the Olavellatre . It is further not 
impossible that closely similar forms, which can thus b e  conveniently referred to by 

I G. Steinmann. Zu.r Kenntniss del' Jura und Kreideformation von Caracoles (Bolivia). Neues Jahrb. fiir 

-Min ., Beil. Band I, Heft 2, p. 260, 1'af. XII I ,  fig. 3 (188 1 ) ; Vie Gl'uppe del" Trigonim pseudo-quadratm. Neues 

J ahl'h. fur M in. 1882, Ba.nd I, Taf. VII,  figs. 3, 4, Taf. V II I, figs. 1 - 3.  
. 

� Mon. Brit. Foss. Trig., p. 211 (1879). 
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the use of a group-name (as, for instance, the " aliformis group " ) ,  may in reality be lt 
homooomorphs. Definite evidence for this, however, has not yet been obtained. 

Since Tl'igonice which conform with the characters of this section are not known 
to occur in rocks older than cretaceous, the presence of the two which are here de­
scribed alone constitutes a strong argument in favour of a lower cretaceous age for 
the Oomia strata in which they occur. 

TRIGONIA VENTRICOSA, F. Krauss sp ., PI. X, figs. 4-8.  

1842. L!Jriodon v6IJatricos'Ilm, F .  Krauss. Ueber die geol . Verhiiltn. del' ostl. Kuste des Caplandes. Officieller 

Bericht. der A llgem. VerRamml. deutscher Naturiorscher, p. 130. 

l�O. L!Jrodon 1)cntrico,us, F. KrauRs. UebAl' einige Pet,refaet.en BUS del' nnteren Kreide des Kaplandes . Nov. 

Act. Acad . Cres. Leop.-Carol . Nat. Cur., Vol . X X II,  Pt. II, p. 456, Tab. 49, figs. 2a-2f. 

1871.  Trigonia 1)entricosa, F. Stoliczka. Cretaceous Fanll!!. of Southern In dia, Vol . III. The Ptlleeypoda ;  

p. 315, PI. XV, 6gs. 9, 90,. (Palreontologia I ndica.) 

1875. Trigo1lia ventrico,a , J.  Lycett. Mon. Brit. Foss. Trig., p. 1 19, and woodcuts. (Palreontograph. Society.) 
1877 . Trigonia ventricosa, O. Feistmantel. Fossil Flora of the Gondwana System, Vol. I, Pt. 3, p. 164. 

(Palreontologia Indica.) 

1 879. Trigonia ve'lltricosa, W. '1'. Blanford, in Medlicott and Blanford, Manual of the Geology of India, 

Pt. I, p. 261, with woodcut. 

1880. Trigonia ventricosa, O. Feistmantel. Foss. Flora of the Gondwana System, V"l. II, p. XXXVII. 
1893. Trigon'a ventricosa, W. T. Blanford. Mann�l of the Geology of India (2nd edition revised by R. D. 

Oldham), p. 225, with wood out. 

Description.-The shell is relatively short ; the height measured from the umbo 
to the inferior margin either equals or exceeds the length. The valves are anteriorly 
very strongly inflated, and considerably compressed posteriorly. The umbones are 
very large, prominent, and strongly incurved ; they are situated close to the anterior 
end of the shell . The greatest height is reached at the umbones ; in the posterior 
half of the shell the upper and lower borders converge rapidly towards the very short 
siphonal margin . The cardinal margin slopes backwards somewhat steeply from the 
umbo and forms a slightly concave outline. A more strongly concave outline is pre­
sented by the carinal ridge, when the shell is viewed from the side. The posterior 
part of the lower margin may also be slightly concave in profile. The siphonal margin 
is convex, and terminates above and below in a curve . The long anterior margin is 
usually of convex outline, but may be almost straight. It passes below by a curve 

into the inferior. margin . The shell may often have an aspect of strong anteJior 
truncation, when a flattened frontal face of considerable area may be developed. 

The ornamentation varies considerably with the stages of growth of the shell. 
In the youthful shell the ribs of the flank are concentric in arrangement, and extend 
from the frontal margin to the carinal angle. When the shell has attained a height 
of 5 mm. there are six or eight such concentric flank-ribs, each of which coincides 
at the carinal angle with a transverse rib of the area. Subsequently, such strict 
coincidence of the ribs on flank and area is not preserved, and those of the area are 
slightly more numerous, so long as they continue to be developed. With increase in 
(limensions the ribs of the flank become succes�i vely more downwardly directed 
when traced from the carin.al angle, and at the middle of a full-grown individual 
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they are vertical in direction . In the anterior half of an adult specimen the ribs 
which were formed subsequently to the youthful stage are thin, crowded, and deli. 
cate in form towards their upper terminations, but for the grea ter part of their length 
are prominent, widely spaced, and of rounded, swollen and varicose form. They are 

studded with strong, unequally spaced, rounded, tubercular protuberances, some of 
which may be very prominent and of transversely ovate form. There are eight or 
ten such prominent, well-spaced ribs. Posteriorly to these the flank is ornamented 
by about eight narrow, less prominent, and more crowded crenulated ribs, which 
have a slight backward inclination as they pass downwards from the carinal angle to 

the inferior margin. The first-formed six or eight concentric flank-ribs have a steep 
superior side, and slope more gradually on their under side into the succeeding in .. 
terspace. These ribs are delicately and densely nodose, a nd from each node there 
springs a little ridge which passes down the lower flank of the rib well into the 
interspace ; the young shell thus acquires a ' very ornate appearance. At the frontal 
margin the ribs of one valve alternate in position with those ot the other. On the 
frontal face of an adult specimen the ribs are curved so as to approach the valve­
margin almost at right angles. Occasionally, the ribs may cease here before quite 
reaching the margin ;  the rib-interspaces on the frontal face are two or three times 

the width of the ribs themselves and are marked by numerous lines of growth. 

For a distance of about 10 mm. from the umbonal apex there is a narrow mar­
ginal carina which sub sequently dwindles rapidly and is replaced by a carinal angle 
of decreasing definition, and finally, towards the siphonal ma rgin of a full-grown 
individual, by a sharp fold of the valve. 

1'he area is narrow ; for a distance of at least 10 mm. from the umbonal apex it 
is traversed by numerous delicate transverse costelloo which continue on to the 
escutcheon. At the marginal carina they form an obtuse angle with the ribs of the 
flank. The remainder of the area is srnooth, and divided by a well-impressed, median 
longitudinal groove. There is no inn er carina, but the escutcheon is well defined and 
of excavated form. It is relativel y broad, and is crossed, at least in its anterior hal f, 

by numerous transverse costelloo, which extend to the cardinal margin and are per­
pendicul ar to it. The costelloo of on e valve alternate with those of the other. The 

ornamentation of the escutcheon persists until after that of the area ceases to be 
formed. The inner side of the esc utcheon, where the val ves unite at the middle line, 
is well raised up, so that in specime ns  having the two val ves united there is a sharp, 

central ridge posteriorly to the umbones . The ligament is very short, and situated 
almost entirely between the umbones ; it protrudes backwardly from between the 
umbonal apices in cylindrical form for a very short distance. 

The central cardinal tooth of the left valve is prominent, sharply angular above, 

and with shallow inferior indentation. It is posteriorly attenuated in lath-like 
form, and its anterior side is slightly convex. The anterior adductor impression is 
narrow and deep, and situated on a projecting bracket . In the right valve -the 
anterior tooth is slightJ y curved, with the convex side directed anteriorly. It is of 
relatively deep form and is supported upon a strong bracket, well raised above the 

p 
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floor of the T'alve. The posterior tooth, forming an angle of about 90° with the 
anterior tooth, is slightly hollowed on its upper surface. The transverse grooving on 
this surface does not occupy the whole length of the tooth, which is smooth towards 

each extremity. On the under surface the groovin g occupies al most the whole 
length of the tooth, and the transverse grooves themselves are longer than those on 

the upper surface. The anterior adductor impression in this valve is narrow and 
deep. It is situated upon the bracket which gives support to the anterior tooth, and 

its narrow base is crossed by several sharp ridges a nd grooves. 

In each valve the position of the inhalent and exhalent currents is well 
defined by the two short, trough-like concavities in the inner valve-surface at the 
siphonal border. These are separated by a short, blunt ridge. The lower border is 
inwardly coarsely crenulated, and in such manner that a series of little pits appears 
cut out of the valve -margin on its internal side, each little concavity corresponding 

in position with the termination of an ornam enting rib of the outer surface. 

IJimensions :-
( 1 )  (2) (3) (4) (5) 

Length • 1 3  3 5  4 7  4 8  55 mm . 
Height, measured from the umbo 1 3  35 47 49 55 " 
Greatest depth of a single valve 5 1 7  22 2 3  24 " 

Occurrence.-T. ventricosa is a characteristic fossil of the Oomia group, 

and is represented in the collection by a large number of specimens from the 
following localities :- Goonaree ; north-east of Goonaree ; south by east of Goonaree ; 
Oomia ; north-east of Oomia ; and H uroora. Wynne has referred to its occurrence 
at Oomia 1 and at a locality about two miles west-south-west of Goonaree.2 It has 
also been recorded from Bururia.S According to Stoliczka's observations, it occurs 
at some localities in Cutch intercalated in the plant-bearing strata of the Oomia 
group.4 

T. ventricosa is stated to have been obtained by King from an outlier of the 
Tripetty beds at Innaparazpolliam, about 30 miles north-north-west of Coconada 

on the south-east coast ;5 it is also recorded from the Margalla Pass (in Hazara) , G 

where it is said to occur in profusion, in strata which Stoliczka considered to be 
t he equivalent of the Gieumal sandstone of Spiti. 

The occurrence of this fossil in the U itenhage series of South Africa, fl-om 
which it was first described by Krauss, is well known . It is found at localities on 

1 A. B .  Wynne. Geology of Kutch , p. 225. Mem. Geo1. Surv. India, Vol. IX (1872) . 

2 Ibid., p. 231 -

3 O. Feistmantel. Fossil Flora of the Gondwana System in India. Vol . II, p. XXX VII, 1880. Palmont. 

1 ndira, Ser. XI. 
" W. T. Blanford . Note on the geological age of certain groups comprised in the Gondwana series, etc. Ree, 

Geol. Snrv . Ind., Vol. IX, Pt. 3, p. 81 (1876 ). 

b O. Feistmantel. Foss. Flora Gondwana Syat., Vol. I, pt. 3, p. 164 (1877), and Vol. II, p. XXXVII (1880) . 

6 Medlicott and Blanford. M.anual of the Geology of India, Pt. II , p. 503 (1879) ; also A. B. Wynne. Furthex: 

notes o.n the Geology of the Uppal' Punjab. Ree. G eol. Surv. Iod. Vol. XII, Pt. 2 , p. 125 (187�). 
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the Sunday and Zwartkop Rivers, notably at Prince Alfred's Rest on Sunday 
River, where it occurs with Tri.f}onia vau, Sharpe . 1 Krauss recorded it from the 

left bank of the Zwartkop River below Uitenhage, in association with the large 
Trigonice, T. Herzogi, Hausmann sp., and T. co nocardUformis, Krauss sp. 

Remarks.-This characteristic shell has a.ttracted much attention, principally 
on account of its wide distribution and its value as an aid to the correlation of the· 

strata in which it occurs. in remotely separated districts. Stoliczka 2 drew attention to 

the close similarity between a shell collected by "'�ynne in C utch and the South 
African T. 'Ventricosa,?r and the identity of these was afterwards recognised. The 
Oomia shell is thus definitely referred to T. ventricosa by Feistmantel,4 and is so 
named by Blanford in the " Manual of the Geology of India. '" A careful comparison 
of the Indian shell with the fine specimens of T. fJe»lricosa preserved. in the 
British Museum (Nat. Hist.) and the colleetion of the Geological Society fully 
corroborates this identification. The specimens from Cutch, although exhibiting 

great variability, offer no features except their state of preservation by which they 

may be distinguished from those occurring in South Africa. 

No illustrations of '1'. ventricosa . hitherto published show satisfacterily the 
OTnamentation of the area and escutcheon. In many instances the sculpture of 

this portion of the shell is ill-preserTed or has become altogether removed. The 

small specimen figured by Krauss represents inadequately the transverse ribbing of 

the area, and fails to show the nature of the escutcheon. Lycett's woodcut was­

evidently taken from a specimen in which the ornamentation of this part of the shell 

has become almost obliterated . Stoliczka's figure and the woodcut in the " Manual 

of the Geology of India " are characteristic representations of a valve viewed from 

the side. In the majority of the specimens from Cutch the relatively weakly 

impressed sculpture of the area and escutcheon has become quite obliterated, and 

the surface is in these parts smooth, but a few individuals from a locality south by 

east of Goonaree are exceptionally wel l preserved and have retained the original 

ornamentation. From one of these specimens the drawing of Plate X, fig. 5, has 

been made. It may be that, in keeping with the general variability, the transverse 
ribs of the area and escutcheon are not always equally strongly developed, but I 
believe that the differences are to be ascribed in the main to conditions of preserva­
tion. In some of the specimens from South Africa preserved in the Geological 
Society 's museum, the early-formed sculpture of the area and escutcheon is well 
retained , and is seen to consist of simple transverse costellre extending from the 
carina} angle to the cardinal border, approaching the valve -margin at right angles 
to it ; this agrees in all respects with the corresponding ornamentation of the Oomia 
shells. 

(187 1 ) .  
I G. W .  Stow. On some points in South African Geology, Pt. I, Quart. Journ . Geol. Soc ., Vol. XXVII, p. 4{;7 

2 CNtaceOU!1 Fauna of Southern I ndia, Vul . III, Pelecypods, p. 315 ( 1871 ) .  
J See also Wynne's " G eology of Kutch ," p .  �31 , footnote. l\l elll . G eol . SUl'v. Ind., Vol. I X  (1872). 
, .Fossil Flora of the Gondwana System ; Yo1 . I, Pt . 3,  p .  16.J. (18i7 ) .  

p :l 
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T. 'Ventricosa presents a combination of features which enable it to be referred 
to the aliformis group of this section.  In general aspect it has much in common 
with T. aliformis, Park. /  and was even considered identical with it by 
L .  von Buch.2 The two forms are in reality readily distinguished, and are far from 
being identioal. T. ventricosa is relatively shorter and hjgher in fi gure, and is 
much more strongly inflated anteriorly. The anterior varioes of the flank are more 
swollen and coarsely tubercular than those of T. aliformis, and more rapidly assume 

a vertical direction when traced back from the umbo. There is also some resemblance 

to T. scabricola, LYC. ,3  which accompanies T. aliformis in the Upper Greensand of 
England . T. 'Ventricosa is distinguished from this, however, by its much coarser 
flank ornamentation and its more closely crowded costellro on the area. T. scabri­
cola is also considerably more elongated posteriorly . 

T. ventricosa bears a much closer resemblance to T. tuberculifera, Stol. ,4 from 
the Trichinopoly group in Southern India. Lycett 5 expressed the opinion that these 
two might even be identical . It is scaroely possible to decide this point from a study 
of Stoliczka's figures and short description, but the similarity is at any rate very 
olose. If Stoliczka's figures of T. tuberculifera are accurately drawn, there is one 
point which may be noted as perhaps indicating an important distinction. Figure 10 

on Plate XV of Stoliczka's monograph represents T. tuberculifera viewed from the 
front, and the ribs of one valve are not represented as alternating at th� frontal 
margin with those of the other, but they oppose one another. In all specimens of 
T. ventricosa examined, in which the valves are united, it is found that the ribs in­

variably alternate, as is well show n in the small specimen figured below in Plate X, 
fig. 6. Whether the area or escutcheon of T. tube1'culifera is known to show 
traces of transverse costellro, or whether the absence of these from the specimens 

described by Stoliczka may be attributed to ill-preservation, are points which that 

author's brief description leaves obscure. These ornaments as developed in T. ven­

tricosa are similar in kind to those of several allies of T. aliformis. 
Another shell which seems to approach closely to T. ventricosa, especially in 

the ornamentation of the flank, is T. ])elafossei, Bayle and Coquand,6 from so-called 
neocomian rocks in Chili. The imperfect valve figured by those authors appears to 
have a closely similar arrangement of coarsely nodose ribs, and finer ribs are said to 
traverse the area ; but the short description and single illustration scarcely allow of 
a satisfactory comparison. Lycett, who drew attention to the similarity between 
these two Trigonice,7 referred to T. Delafossei as a Spanish cretaceous form, and 

1 Parkinson. Organic Remains, Vol . III, p. 176, pI. X I I ,  fig. 9 (ljnl) ; al80 J. Lyeett, lion. Brit. Foss. Trig., 

p. 116, PI. 25 (1�75). 
2 L. von Buch. Betrachtung iiber die Verbreitung und die Grenzen del' Kreide-Bildungen, p. 23 ( Bonn, 18�) 

3 J .  Lycett. Mon. Brit. Foss. Trig., p. 130, PI. 27, figs. 4, 5 (1875). 

4 F. Stoliozka. Cret. Fauna of Southern India ; Vol. I II, the Peleoypoda, p. 815, Pl. 1 V, figs. 10-12 (1871). 

5 Mon. Brit. Foss. Trig., p. 120 (1875) . 

• M�m. SUI' les Fost;iles Secondail'es reoueillis dans Ie Chili. Mem. Soc. Geol. France, 2c sere Vol. IV. 1. 
fartie, p. 37, Pl. VI I I, fig. 27 (1851) . 

'! Mon. Brit. Foss. Trig., p. 120 ( ) 875)� 
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erroneously gave Leymerie the credit of havi n g  described it in his " MemoIre sur un 

nouv. type Pyreneen " ;  this was published in the same volume of the " M emoires de 
la Societe geologi que de France " as the work by Bayle and Coquand . The same 
erroneous reference is repeated on page 227 of Lycett's monograph. 

Trigonia 8ubventricosa, Stanton,l  from cretaceous beds in Patagonia, is of 
shnilar type to T. ventric{Jsa, but appears to be d istinguished by weaker inflation 
and greater elongation . 

TRI GON JA P ULCHRA, nov. ,  PI. X, fig. 9 .  

IJesc'ription.-The shell i s  ant eriorly somew bat truncated, with the umbones 
situated near the front . The cardinal margin slopes back gently from the umbo and 
form s a straight outline. The frontal margin falls at once steeply from the umbo 
and passes below by a curve into the inferior margin, which forms a convex outline. 
The general inflation of the valves is moderately strong, while the flanks h ave a 

somewhat flattened form. The greatest height is from the umbo to the inferior 
margin. 

The line of demarcation between flank and area is 'Very weakly indicated, and is 
most clearly marked in the neighbourhood of the umbo, where its position is indi­
cated by an obscure and very blunt ridge, representing the rudiments of a marginal 

carina. The carinal angle is at all points very obtuse, but may be traced with 
decreasing definition towards the posterior end of the low er border. 

'fhe ornamentation is of an elaborate character a nd consists of numerous ribs 
studded with delic ate , closely-spaced, bead -like tubercles. The arrangement of the 
ribs undergoes a marked change in different growth-stages. Close to the apex of the 
umbo are several simple concentric ribs which pass ac ross the flank from the frontal 
margin and are continued over t.he rudimentary marginal carina. Subsequently to 
the formation of the fourth or fifth concentric rib , and at about three or four milli­
metres below the apex of the umbo, two series of ribs are formed on the flank. The 

ribs of the anterior series extend horizontally from the frontal margin, but do not 
reach the carinal angle ; they occupy about one-third of the flank. Those of the 
posterior series commence on the area at a short distance from the obscure carinal 
angle ;  they extend over this on to the flank, and are directed obliquely and steeply 
forwards. fl'he first five of these ribs terminate below, on the flank, at the posterior 
terminations of the ribs of the anterior series, but they are less numerous than the 
anterior ribs. Successively formed ribs of the anterior series terminate posteriorly 
at a gradually increasing distance from the frontal margin ; the successively formed 
steeply inclined ribs of the posterior seri es which terminate below on the flank, end 
here at an increasingly greater distance from the carinal angle. The posteriorly 
situated ribs of this series, to the number of about five, terminate below at the 
pallial margin. 

1 T. W.  Stanton. Rep., Princeton Univ. Exped. to Patagonia, 1896-1899. Vol. IV, Part 1, p. 18, Pl. IV,  
jigs. 19, 20 (Princeton University, 1901). 
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The area is ornamented near' the carinal angle by the upper ends of the posterior 
flank-ribs, which encroach for a distance of' about two millimetres over the rudi­
mentary marginal carina and slight fold which represents the carinal angle. These 
rib-terminations form an angle with another series of dBlicately tu'bercular ribs 
which,. commencing at the cardinal margin, pass across the escutchoon and' the area 
with a forward curve. They terminate before quite reaching the shell angle, and do, 
not end abruptly when they meet the upper terminations of the' posterior flank ribs, 
but slightly intercross with these. The junction and decussation of these two rib­
series is wholly confined to the area, though close to the carinal angle. 

The escutcheon is searcely defined, and its boundary is only indicated by a ver.y 
blunt and somewhat obscure fold of the valve .. 

Dimensions :­

Total length, about 
Height, measured from the umbo • 

Greatest depth of a single valve 

• 
0' 14 mm'. 
• 1 2' " 

4 '" 

Occurrence.- This shell occurs in the Oomia group and is only kn.own from the' 

locality south by east of Goonaree. It was found in association with P. parva and:. 

T. ventricosa. 
Bemarks.-The specimen here described and figured is slightly broken towards , 

the posterior end, so that the siphonal margin is not preserved. It is possibly not 
fully grown, but possesses such well-marked features of sculptu.re that it quite 
�uffie es to illustrate a new and well charaeterised type.  In shape it somewhat 
resembles specimens of Lycett's  T. upwarensis, l or T. spinosa a s  figured by Lycett 
in PI. 24, fig.  9 o f  his monograph. By this similarity of shape" no less than by the 
ornamentation of the area and escutcheon, T. pulchra appears· allied' to these and 
other simil ar memb ers of the Scabroo. Eut it acquires a peculiarity, shared by few 
representatives of this section, by the disposition of the flank-ribs in two · series in­
clined to one another at an angle, indications of which appear before the youthful 
stage can be said to have been passed. Simple concentlic ribs are confined to the 
near neighbourhood of the umbonal apex, and are few in number. Even at a very 
�arly stage, these ribs appear to pass, for only a short distan ce over the rudimentary 
marginal carina on to the area, which towards its inner side' is ornamented by the 
distinct rib -series common to it and the ill-defined escutcheon . .A peculiar feature ' 
of this shell is the manner in which the upper termina tions of the flank-ribs of the 
posterior series meet the outer terminations of tne costellre which are confined to the 
area. This junction takes place not, as might have been expected, at the carinaL 
angle of the valve, but u pon the area itself.. Owing to the weak indications of the' 
angle and the difficulty of representing its presence in a drawing, it is not satis­
factorily shown in the illustration in Pl. IX, fig. 9, which gives rather the impression 
that the line of demarcation between flank and area coincides with the junction of 
tho ribs which ornament the area and fl�nk respectively. The slight decussation. of!. 

.. J, . I;yrett. Mon. Brit. Foss, Trig" PI . 23, fig'. 9 (187.5), 
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the ribs of these two series where they meet is also not represented in the illustra­
tion, but this peculiarity is not revealed by the particular lighting employed in the 
drawing of these figures. The intercrossing can indeed only be detected by viewing 
the specimen when lit from certain directions, and seems to disappear from view 
at the least alteration of lighting. The shell gains a further distinctive character 
from the closelv crowded and delicate bead-like tubercles with which t.he costre are 0; 

studded. 
The arrangement of the flank-costre, with the short, anterior, horizontally directed 

series of ribs, and the posterior, steeply falling and almost vertical ones, is reminis­
cent of certain members of the section Scaphoidere which are characterised by a 

similar arrangement of flank-ornaments. Other representatives of the Scabrre 
which have in some degree a comparable arrangement of the flank ornamentation 
have been referred to by Lycett as forming the " pennata group. "  The similarity to' 
T. pulchra consists only in the fact that ribs ornamenting the Hank are, arranged in 
two series, in the anterior of which the costro are horizontal, while they are broadly 
speaking, vertical in the posterior series. Beyond this there is no close agreement. 
In T. pennata, Sow .,t for instance, or T. 8ulcatari,a, Lam.,2 the horizontal rib-series 
occupies a much greater portion of the flank than in T. pulchra ; the shell has a 

different outline and also lacks the regular and characteristically crowded nodes. 

SUMMARY AND CONCLUSIONS. 

The Trigonir.e of the Putchum-Charee s�ries afford no definite evidence in 
corroboration of the age of these strata as determined by the cephalopods, but at 
the same time present no obstacles to the acceptance of this correlation. The' 
points of resemblance to European forms are strongest in the Costatre from the 
lower beds of the Charee group. A notable feature is the occurrence of several 
peculiar Scaphoid ere in the upper Putchum and lower Charee beds ; these, together 
with the Costatre, constitute an assemblage which, in general aspect, in some 
measure recalls that of the Inferior Oolite in Europe. This can only be accepted· 
as a general statement, and the comparison cannot be carried closer, since there is in, 
no case identity with European forms. Moreover, there are peculiarities, positive"; 
and negative, which give the Charee Trigonia assemblage a character of its own. 
The want of close agreement with the European fauna is not surprising. These 
Indian Trigonice flourished in a different zoological province, and, so far as this 
genus is concerned, we are without evidence as to the extent to which migrations 
may have taken place. Hence the true relations of the Indian representatives to 
their apparent European allies remain uncertain. It may be in consequence of 
migrations into the Cutch area that the lower Charee forms seem to bear the im .. 
print of a facies which characterised a slightly earlier age in Europe. One very 

1 See J. Lycett. Mon. Brit. Foss. Trig., p. lS3 , Pl. 24, figs. 4, 5 (1875) ; PI. 37, fig. 4 (1877). 
J Set J. Lyeett. Ibid., p. 13i>, P1 . 26, fig . 28 (1875) ; Pl. 28, fig. 3 ( 1877) ; also well 6glJred b�' 

�. Gu6raDger, Album Pal�ont. de la Sarthe , p. 14, PI. XVIII, fig. 6 (18�7). 
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striking point of contrast, however, is  the total absence of Tl'igonir.e representing 
the sections Clavellatre and Undulatre, which play such an important part in the 
oolitic rocks of Europe. 

'1'he Scaphoid eoo present interesting features. On the whole they appear -to 
approximate more closely to the European T. d'llplicata and its allies than to the 
extreme type exemplified by T. navis, though, when viewed broadly, they show 
somewhat intermediate characters. All have a transverse sculpture on the arear 
with delicately ornamented bounding carinre. It is singular that T. exortiva 

(lower Cha-r.ee), whi ch in most respects shows a striking agreement w ith T. dupU .. 

cata itself (Inf. 001. ) ,  should be so w ell mark ed ot! by the one character,-its 
peculiarly ornamented escutcheon . Similar tralJ svel'se ornaments are present on the 
escutcheon of T. hispida, fronl the top ot the Putchum group, but this character 

is without parallel among the Scaphoideoo of :Eul'ope, most of which have a per­
fectly smooth escutcheon. Taken as  a w hole, the distinguishing features of these 
Indian Scaphoicleoo appear to be so marked that their relationship to apparent allies in 
Europe may be assumed to be somewhat remote. T. hispida exhibits a specialisation 
of ornaments not e qualled among the S eaphoidere o f  Europe, while T. gracilis 

shows adult characters which effectually isolate it from otLer known members of 
the section either in Cutch or Europe. Its adolescent characters a.ppear, however,. 
to link it to the European duplicata group. 

In most of the Costatre of Cuteh, the ornamenta tion of the area, when compared 
with European forms, is of a relatively delicate nature. This is particularly 
marked in T. distinola from. the Charee group, which also shows a certain con .. 
vexity of the area. These combined characters of fine ornamentation and convex 
form of the area, give a p articular aspect to T. distincta and T. dho8aensis, an d 

in some measure also to T. nitid a, likewise from the Charee group. These points 

are still further accentua ted in the elongated T. tenflis, from the Oomia group . 
In the Charee group, T. bl'evicostata, T. distincta, T. dhosaen8is and T. nitida 

are all remarkable for the presence of an ante- carinal space in both valves. 
This is well developed in T. brevicosta ta, and forms an e qually noticeable feature 
in T. dhosaensis. It cannot b e  regarded as having any special significance in 
denoting near relationship 6 to those European Costatoo which show a similar 
peculiarity . These are too well separated by other characters. The ante-carinal 

space has doubtless been repeatedly and independen tly developed. Its presence in 
the right valve of the Costatre of Europe is relatively rare, but it is found in four 
out of the eight or nine Costatre known from the Chal'ee group. In none of the 
latter, however, is the space so broad as in T. iu terlceviga ta, Quenstedt . 

Two of the Charee Costatre are well distinguished by characters known in no 

European representative of the section. T. distinota ha.s a strong transverse orna­
mentation of shaft bars on the narrow escutcheon, which differ greatly from th e 

raised,  oblique ornaments which traverse the escutchpon of some European forms, for 
instance T. pullus, Sow . :P. dho8aensis, from th e upper part of the Cbaree group, 
has rel ati vely coarse raised Ortl aments on the m arginal carina, which correspond in 
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number to the ribs of the flank. It  is a noteworthy fact that this feature �s well 
developed a l so in T. MooTei, Lycett, from Western Australia, to which T. dhosaensis 
shows other such striking poin ts of resemblance as to suggest near affinity. In 

T. dis tincta , and to some ex tent also in T. dhosaensis, the broadening of the mar­
ginal carina an d progressi v e  bluntin g  of the carinal an gle, which are observed to 
occur durin g individual development, seem to afford a forecast of characters which 
beca me dominant in several Trig oniaJ of the Oomia grou p. 

The l{atrol group, while yielding ammonites which, according to Waagen., 
indicate a ki ill lneridgian a ge,  has apparently furnished no Trigonite . In the overly­
ing Oomia strata the T1"igoniclJ assemblage is of a very interesting character. The 
normal Costatre no longer play a leading part in characterising the facies, and they 
are represented by lingering types. This, section, which formed so important an 
element in the underlying C h aree group, is for the most part replaced by peculiarly 
modified derivatives. 

Amongst these Oomia Trigoni(JJ which I have regarded as the variously 
modified descendants of Costatre, T. Srneei shows in most unmistakable manner its 
close connection with that section . Throughout the youthful period of growth, all the 
salient characters of typical Costatre are retained, but the carinre and the lon gitudinal 

ornaments of the area, which are present in the young shell, become gradually modi­
fied with advancing growth . T h e  carinre dwindle and disappear, while a series of 

transverse ribs, in part continuous ,;ith those of the flank, takes the place of the early 

ornaments of the area. In T . .8meei no question can arise as to the signi ficance of 
these early characters in indicating descent. In the ca se of other derivatives, I have 
relied on the presence of carin re and the longitudinal ornamenting ridges of the area, 

which are present in the youthful stage, as equally valuable evidence for the descent 

of these divergent types from normal costate ancestry. Though these early characters 
be less clearly evident than in the case of T. Smeei (either in consequence of wider 

removal from the common ancestra l plan, or as a result of less favourable preserva­
tion) , and though they be superseded more rapidly and at an earlier period in the 

individual development, their significance can scarcely be less clear. Such longi ­
tudinal inter-carinal ornaments are known only in the section Costatre ; they form 
an exceedingly con stant and reliable feature, which became fixed already at a very 
early period in the history of the genus. 

In these derivatives, then, we see the closest mutual approximation in early 
stages ; the subsequent growth -stages illustrate divergence in development, especially 
if close comparison be made. Nevertheless, if viewed broadly, the well-marked 
modification in important characters of sculpture, and the general tendency to strong 

posterior elongation of the shells, appear to constitute peculiarities w hich �y have 
been brought about under like conditions. In all cases the sculptural plan becomes 
simplified with advancing growth ; the carinre dwindle and are lost ; the carinal 
angle loses its sharpness and becomes replaced by a blunt and rounded fold ; the 
longitudinal ridges of the area are either replaced by simpler ornaments runniDg 
parallel to the siphonal margin, or the area remains smooth in the adult. The loss 

q 
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of sculpture is greatest in T. carclini'ijol'mis, in which the ornamenting costoo' cease 
to be formed on any part of the shell at maturity. T. trapezijormis alone seems to 
stand apart by reason of its short figure. The gradual modificati�n of its soulpture, 
however, is somewhat analogous to that of T. Smeei, while the nature of its· youth­
l uI ornaments seems to justify its inclusion in the same category of derivatives. 

The assemblage of Trigoni(JJ in Oomia strata, for instance at Goonaree and Oomia, 
is in furtber respects an interesting one. The indications for an intermingling of 
jurassic and cretaceous elements have already 'been referred to at the beginning of 
this paper. Two representatives of the Costat::e- form the strongest links to the 
underlying typically jurassic assemblage of the Gharee group. One of these 
(T. parva) occurs abundantly near Goonaree in company with T. venlricosa and 
T. pulchra, of the cretaceous section Scabrre, while the other (P. tenuis) is found 
with T. Smeei at other localities. T. spissicostata, which in general aspect recalls 
the upper jurassic Gib bosre, and is provisionally referred to that group, occurs near 
Goonaree and Oomia in association with modified derivatives of Costatre and with 
l'epresentatives· of the section Scabrre·. The partial replacement of the true Costatoo' 
by the above-mentioned derivatives, and the association of the latter with members 
of the Sea brre, clearly points to the gradual incoming of a facies of cretaceous 
aspect. The indications for a change in this direction are further strengthened by 
the occurrence of T. mami,llata with the forms just mentioned. This so far departs 
from the characters of the jurassic Clavellatoo' -as to' take rank with the Tr'igoni(JJ 

which have been classed as Quadratre' and Pseudo- quadratre� Whether' directly' 
related to any of these, or independently evolved from clavellate ancestors, T. 
'mamillata exhibits characters which may be taken to indicate a cretaceous age.· 
N one of the Quadratre, or of the Pseudo- quadratre with which T. mamiUata is more 
closely comparable, are, so far as we know, of jurassic age. 

As regards the two unmodified Costutre, T. parva and T. tenuis, which fully 
retain the normal sectional characters, it may be remarked that this is  not the only 
known instance of the late persistence of Costatre, although T. tenuis may be 
��onsidered to illustrate the ty pical characters of the section in more perfect manner 
than the lingering types which occur in the lower cretaceous llocks of Europe.  
T. pe'ninsulct'f'is, Coquand/ from the aptian of Spain, shows a decided modification of 
characters in its later growth -stages, which led Ly(' At to regard its aspect as one of 
" sectional degeneracy.n T. carinata, Ag., is still further removed from the true 
Costatre, though probably it is closely related to them. These aberrant types and 
the modified derivatives of the section which o ccur in the Oomia strata of Cutch 
seem to illustrate the gradual degeneration and extinction of this longest .. lived and 
most strongly characterised section of the genus . 

T. spis8ieostata, which seems to have been considered by Waagen to be of port­
landian type, is for the time being referred to the Gibbosre on the evidence O'f adult 
characters alone ; but it cannot be overlooked that such restricted evidence may 
prove very luisleadiIl g, and it will therefore be necessary to reserve a final judg� 

lB. C()(Auand , MoncgraphiR de l 'etage aptien de l' Espngne, p. 129, Pl. XXI II fig. S ( 1865), 
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ment concerning the relations of this fossil until its youthful charayters can b e  
ascertained. I t  i s  by no means improbable that a close genetic relationship between 
this form and the European Gibbosro may be eventually disproved, in which case it 
will be shown that we are dealing with an example of homooomorphy. 

It is difficult to estimate the significance of T. remota, which occurs in Oomia 
strata at Kass Scarp, at a locality from which no associated Trigonire are recorded. 
This is a member of the U ndulatro, a section which was considered by Lycett to be 
exclusively j urassic . The occurrence of this shell so  high in the Cutch series has 
therefore a special interest, when we consider the close relationship which exists 
between the Clavellatro and Undulatro, and remember that no representative of the 
former section is known to occur in C utch. T. remo ta seems to approach most 
closely in its characters to T. jleata, Lycett, from the Great Oolite, and compares 
less closely with other and subsequently occurrin g members of the section. That it 
is in reality nearly related to this En glish shell appears to be very unlikely. It is a 
question whether the belated appearance of such a type as this can be more satis­
factorily explained by a supposed migration of European Undulatro, or by the 
assumption that we are dealing with an example of homooomorphy. If T. remota 

stands in unbroken connection with the oolitic U ndulatro of Europe, a remarkable 
persistence of characters is shown, such as we should scarcely be led 

'
to expect irom 

a study of European forms. If it be allowed that the characters which differentiate 
the Undulatro from the Clavellatro may be repeatedly evolved,--and this seems quite 
probable,-then this Trigonia may w ell stand in the remotest relationship to the 
European shells which it most resembles. In any case, it appears as an isolated 
occurrence, quite dissociated from any facies of purely oolitic type, such as that 
with which its apparently nearest allies in Europe are connected. It may perhaps be 
regarded as a newly introduced form, since its characters serve to alienate it from 
any other section of the genus known to occur in the C utch series. 

An additional element in the Oomia Trigonia fauna of Goonaree, Oomia, 
and Huroora, is furnished by members of the Tri9'onia v-scripta group.  These 
appear to have no counterpart among the Trigon-ire of Europe, and can be referred 
to no European section of the genus. Their adult characters, however, strikingly 
approximate to those of the peculiar T. vau, and an allied form, from the Uitenhage 
stl'ata of South Africa. The apparent indications of community between the lamel­
libranch fauna of the Oomia strata and of the Uitenhage series are thereby strength. 
ened. Certain points of analogy between these two faunas have already been 
touched upon. There is the occurrence in both cases of the characteristic T. ventri­

cosa ; the general resemblance between T. manzi l lata and the South African 
T. Herzogi ; and further, the presence in the Oomia strata of a Seebaahia, later to 
be described. So far as I an} aware, this genus has hitherto only been recorded 
f rom the Uitenha ge beds. Amon gst the Trigoni(£, however, only T. ven tricosa is 
known to be common to the two areas, but the other respects i n  which the faunas 
appear to approximate are none the less striking. It is therefore surprising, when 
we see how closely the members of the T. v-sa1'ip ta group approach in their adult 

q, 2  
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features the South A.frican T. vau and its ally, to find that the members of these two 
groups differ w idely in their youthful characters. This has already been pointed 
out in the description of the T. v- scripta group . 

This dissi milarity in early growth-sta ges, and gradually increasing similarity as 

individual growth proceeds and adult characters are attained, in representatives of 
forms geographically so remote, appears to indicate that we are dealing with homreo .. 

morphous derivatives of separate stocks. The characters of the adolescent period in 
each group contrast so strongly with the succeeding adult stage , and are so long 

retain ed during the course of individual gro"\vth, that they must be supposed to have 
their due place as phases in the series of developmental changes . In the two 

members of the T. va'll group these early stages are identical, and a similar agree­
ment has been observed between the corresponding stages in two members of the 
T. v-scripta group. 

It matters not that there are palreontologi cal bonds bet w een the Oomia and 
Uitenhage strata which indicate that there was no barrier to intercourse between the 
tw o areas ; the e vidence of growth . stages in the present instance retains its full 

significance. In so far as similarity in adult characters is attained, it appears reason­
able to look upon it as illustrating hommomol'phy. It must be remembered that 
identity is not arrived at in the adult stage, though the resemblance is certainly 

remarkable. The nlain peculiarities by which the�e two groups are so very effectual ly 
contrasted with other know n representatives of the genus are equally well emphasised 
in either group. The conditions here presented are thus the converse of those which 
obtain in the derivatives of the Costatce described in these pages. 

The indications for heterogenetic development in the groups of T. f)-scripta and 
T. vau do not affect the question of a correlation between Oomia and Uitenhage 
strata. The convergence of characters here observed m ay possibly point to evolution 
under simil ar conditions, but does not by any means constitute evidence for con­

temporaneity. IIomre omorphy may be synchronous or otherwise, and the question 
of relative age must in this case be judged by other evid ence. A further considera­

tion of the relations bet ween the Uitenhage and Oomia faunas may be fitly postponed 
until the careful examination of the remaining Oomia Mollusca can be completed . 

Other examples w hich in greater or less degree illustrate homreomorphy are 
furnished by . a study of the Cutch Trigo/nice, and may here be mentioned. The 

similarity in several points between the adult T. cardiniijormis and the European 
T. Mun'ie'ri has been noted ; yet the an cestry of these forms is distinct . The former 
is shown by its youthful characters to stand in closest relationship to the Costatre ,  
while T. Munieri is  one o f  the upper jurassic Gibbosre . In these two cases the 
development of an ante-carinal space, the passage of the carinal angle posteriorly 
into a broad fold , the gradual obliterat ion of sculpture , and the acquirement of 
elongated form in the adult shell , are alik e exhibited. The presence of an ante· 
carinal space devoid  of ornalnents, e1thflr wi th or without depression of the valve­
surface, has proved of little  value for purposes of classi fication. Such a limiting of 
the flank ornaments is found in greater or less degree in Trigo nite of most diverse 
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types . It occurs, as we have seen, in the Costatoo and in some of the shells which 
may be regarded as derivatives of this section ; it is a well-marked characteristic of 
European Gibbosoo, and is seen, further, in the T. v -scripta group and even in some 
European Clavellatre. Both in T. cardiniiformis and T. retrorsrJ from the Oomia 
group, this smooth space with its accompanying depression of the valve-surface is 
strongly similar in character to the same feature as developed in the Gibbosre, but it 
has had an independent origin. T. trapezijormis also possesses this feature, and 
appears in no little measure to approach the Gibbosoo, and not alone in this. Though 
the similarity is here one of general aspect merely, it is worthy of note, when we bear 

in mind the phases of individual development which are exhibited in the Gib bosre, 
and by which the members of that group appear to be so very closely united. The 
early characters of T. trapezi/ormis are 'of a quite. distinot type. 

In manner still more general, there is decided convergence of characters in 
T. retrorsa and members of the v-scripta grou p. This is seen in the posterior 
elongation, the dwindling of sculpture on the area with the approach of maturity, the 
gradual passage of the carinal angle into a blunt fold, and the somewhat similar 
limiting of the ornamentation of the flank. These characters are developed in forms 
which by their early growth-stages are seen to belong to distinct stocks. Although 
the approach to homooomorphy is only partial, and the general habit is alone 
involved, the differences are at a �aximum in early stages. 

It is of course conoei vable that the Charee Costatoo which closely simulate 
European forms may have independently acquired those few points, such as propor­
tion in shape and ornamentation, wherein the resemblance chiefly lies. Restricting 
our attention to the section Costatoo, we find in it some analogy to certain genera of 
Brachiopoda within which hommomorphy may readily be brol1ght about ; namely, 
we are dealing with a group of forms in which there is already a certain sameness of 
characters, and in which convergence in comparatively few particulars is sufficient 
to bring about a similarity. Hence, it could scarcely be maintained that in the 
crowded ribbing of the flank in T. tenui& from the Oomia group, which to some 

extent imitates the ornamentation of certain lower oolitic Costatoo in Europe, there 
is to he seen any definite indication of near relationship to these. It is certainly 
reasonable to assume the independent acquirement of such a feature as.this, especially 
in the presence of such wide chronological and geographical separation, and in view 
of accompanying points of distinction in form and ornamentation. Another instance 
of a single character which is obviously without value in indicating close relation­
ships is seen in the little transverse ridges which, arising from nodes, traverse the 
rib-interspaces on the flanks of some Trigonice which have a tubercular or nodose 
ornamentation. They a.re developed in T. hispida of the section Scaphoideoo, but 

also in many Clavellatre and Scabrre. 
It may be remarked that among the Trigon-ice of Europe examples of homreo­

morphy probably Qccur which are no less striking than those furnished by this 
genus in Cutch. Within the section Clavellatre, the n eocomian T. ingens, 

Lycett, strongly resembles T. signata, Ag. ,  from the Inferior Oolite. I deem 
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it to be highly improbable that Lycett ' s view regardin g  the close mutual affin ity 
of these two Clavellatre is correct. Another instance is furnished by T. oviedensis, 
J..jycett, from the lower Lias of Spain, with its great resemblance to the upper 
j urassic Gibbosre. Although not identical with any of these, the similarity in main 
features is too strong to escape notice. Lycett, indeed, referred T. oviedensis to the 
s a me section of the genus, and relied mainly on the shape of the outline as a charac­
ter by which it might be distinguished from the portlandian forms. But even in 
this respect the resemblance to some of the Gibbosre is by no means slight. The total 
:1 hsence of similar forms throughout the jurassic strata until the incoming of the 
portlandian Gib bosre, appears to be a sufficient indication that this is truly an 

example of heterochronous �homooomorphy . A comparison of adolescent characters 
would in this case be of great interest. 

Similar examples of homooomorphy anlong lamellibranchs are not far to seek, 
and the same phenomenon occurs also among other molluscs. Especially striking 
is the agreement sometimes exhibited hetween members of distinct genera which are 
not intinlately related, but such cases are, no doubt, of rare occurrence, and the 

resemblances mostly superficial. The similarity noted between the Trigonire of the 
D-sc1'ipta group and the genus Goniomya is only of this nature, although worthy of 
rccord ; and it is clear that the simUlating characters are relative1y unimportant 
ones and do not embrace those which are of most value in marking generic distinc­
tions. It is very probable that the homooomorphy observed even within the same 
g'cnus is, in most cases , in reality not so complete as it appears ; for we are dealing 
with the shells alone, and the converging charac tel's are, in the main, broad outward 
features, such as outline and surface sculpture . It by no means follow s that the 
development of other and more inlportant characters has in like manner resulted in 
homooomorphous simulatjon . It is none the less important to realise how far the 
existence of such limited convergence, if we may so express it, may prove a disturb­
ing factor in the attempt to trace relation�hips between fossil shells. It is on these 
same outward characters that the systematist so largely relies, especially in making 

" specific " unions or separations. 
The bearing of these facts on the comparison of forms and faunas is evident . 

Thus, it is clear. that the occurrence of homceonlorphy may to �ome extent account 
for the apparent " confusion of species " (or of broader groups) which is not infre­
quently met with hi a newly explored fossil fauna. Professor Gregory has furnished 
sufficient evidence for this in his work on the jurassic corals

' 
of Cutch,! and I believe 

the same explanation to be applicable in the case of certain Brachiopoda from the 

Putchum-Charee series. It will obviously in some degree apply also to the T'J'igonice 

of the Oomia group, though concerning divi sions less narrow than specific . If it be 
realised that T. cardiniiJormis cannot be united with the Gibbosoo which it seems to 
resemble, there is certainl y room for doubt as to tLe true affinities of T. spissicosta ta, 

which can only be provisionally placed in that group. Hence .a first impression is 

1 J. W. Gregory. The Jurassic Fauna of Cutch. The Corals. Palwont. Indica, Ser. IX,  Vol.  II, PaIt 2 0900). 
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a t once modified, and one piece of evidence for the supposed portlandian affinities 

of this fauna is thereby materially weakened. If this be allowed, and if we choos e 

to dispose of the presence of Undulatre in Oomia strata by the assumption of hommo .. 

morphy with apparent oolitic allies, then , so far as the genus T1�igonia is concerned, 

!SOllle supposed anom"' ;.ies of occurrence become elimina ted. 



120 JURASSIC FAU .N'A OF CUTeR . 

• a. (i) Costatce. 
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APPENDIX. 

It was not until the foregoing sheets were passing through the press that my attention was 
dir~ted to Dr. G. Muller's descriptions of the mesozoic mollusca collected during W. Bornhardt's 

jurneys in German East AfT.ic;). (1895~1897).1 Of the l ''figoniOJ dealt with~by Dr. Muller, the two 
jurassic forms call for little remark except that both belong to the section Costoirc, while one at least 
shows the development of a relatively wide ante-carinal space in the right valve, and is in this respect 
comparable with certain ~orm~ from the Charee group in Cutch. No weight, however, can be attached 

to this feature as an indi~a.tion Gf relationship, and for this reason alone I am inclined to place little 
reliance on Dr. l\fiiller's ide.ntifi~ation of the African form with T. zonata, Agassiz. 

On the other hand, amongst those forms described by Dr. Muller which are regarded by him as 

neccomian, three are ot ~pecial interest in their seeming relationship to Trigoni fP, of the Oomia group 
andof the Uitenhage formation, 3.nd may be briefly disCUSSAQ. 

'frigonia ventricosa, Krauss, :is recorded from a 10~lity 29 km. north-west of Kiswere in strat:.:. 
which are thought to be of lower neocomian age. Although the material at. Dr. Muller's disposal was 

somewhat meagre, and not so favourably preserved as the numerou.s specimens from the Oomia strata 
and the Uitenhage formation which have passed through my hands, there is no reason to doubt that 

this East African formrepl'esents the true T. ven,tricosa. We have consequently: a record of consider,. 

able value, since T. ventricosa appears to possess very constant and reliable characters, and it oCcurs in 
association with a strikingly similar lamellibranch .facies, wherever known. Indeed, the strata which 
yield . Po ventricosa in German East Africa are definitely correlated with the Uitenhage formation by 

Dr. Muller. 
T. be!Jscltlagi, G. Miiller, which accompanies T. ventricoso at the above-mentioned locality in 

East Africa, is a form possessing great interest when viewed in connection with the degenerate Costatte 
of the Oomia group. To judge from Dr. Muller's description and figures (op. cit., p. 543, Taf. XIX, 
figs. 1-3), T. he:'Jschlagi bears a very striking resemblance t.o sel~cted speeimens of T. craS8a, which 
I have described :in these pages as a del';vatiye of som.e norma] Costate st0ck. It might at first :;ight 
even be considel'ed that thes~ t.wo forms are identical, but this conld only event ually be demonstrated 

by the com.panson of a considerable number of specimens, a.nd. th~cTt>' are several considerations which 
lead me to look upon them, at least for the time heing; as distinct. 

T. be!Jschlagi is represented as possessing a simple a.nd regular flank ornamentation, whereas a 

leading characteristic of T. cra88a is the great variabjlity and freqnent irregularity of the concentric 
ribbing. Although T. be!J8cltlagi is stated to occur very abundantly at the locality where it is found, 
no mention is made of any departure frpm the regularity of form or ornamentation described by 
Dr. Muller and exhibited by the only specimen of which he gives an illustration in side view. It may 
further be remarked that no reference is made to the presence of a marginal cari1la or ante-carinal 

groove at any growth~stage in T. beyschlafJi ; indeed, it is expressly stated that an area is not marked 
off. I have pointed out that in T. crasla a demarcation of the area is a characteristic of the youthful 

shell, and that an ante-carinal groove ml!l.y in some instances persist, though with decreasing definition, 
until half the adult dimensions have been attained. It may be added that very few of the numerous 
examples of T. crass a which I have examined show such regular triangular outline as the indi viuual 
figured by Dr. Muller. 

J Deutsch-Oat-Afrika, Band VII. Zur Oberflachengestaltung und Geologie Deutsch-Ostafrikas. Zweitcl' Theil 
Palreont, Ergebniiie. G. Miiller, Verst. d. JU1'a u, d. Kreide, pp. 51.4-571 (Herliu, 1900). 
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Whether T. ue!J8cltlafJ i bears a dose anu dircc1 relationship to 1'. cra8lla 01' Dot, it unu.oubtedly 

falls into the same category of degenerate Costata, and, moreover, illustrates a stage of removal from 

the normal ancestral plan quite comparahle with that exemplified by the Oomia form. 
The intermediate stages of development, as in the case of T. cra8sa, are to be sought for in some 

sueb type as T. Smeei, the Oomia shell which, though probably representing a line quite distinct from 

that of whieh T. crassa is a member, has nevel'thele~s given the clue to the relationship of this lDOre 

obscure form. 

Lastly, attention may be drawn to T. kukni, G. Muller, from strata ascribed to the upper 
neocomian at a locality 23 km. west-south-west of M tshinga. So far as can be ascertained from the 

description and figures (op. cit., p. 561, TaL XXV, figs_ 6-8) , this form is characterised by an angular 
rib-arrangement ~t, any mt,f) an::tlogous to t.hat shown by members of the group of T. v·scripta in the 
Oomia. beds and i,he group of 11. va1/, in t,he Uitenlm,ge formation. T. lcultni seems to differ from all of 
these by its less equila.teral form, and the T)OSS(~ssi()Jl of ::l,n a.rei'l, having persistent ornamentation. Still, 
to judge from the des(;l'iption, and particular ly from the figure of 3,n imperfect specimen (fig. 8), wbich 

shows the crowded ribs of the frontal series obliquely crossing the growth-lines just as in T. recurva, 
I am inclined to think that 1\ lciihni stands in relationship to one of these two groups rather thanto 

members of the section Scaora. Whether this form is more closely allied to the group of T. v-acripf,a; 

or the group of 'i '. vau callnot be ascertained until an examination of more perfect material can be 

made and the nature of t he youthful characters revealed. Although T. lcii!t1i,i iR thought by Dr. 
Muller to have come from a somewhat higher horizon thanT. ventricosa, the difference in age may 

perhaps not be so great as he supposes, and it is noteworthy that both in Cutch and in South Africa 
11. vent1'icosais associated with forms which exhibit peculiarities of ornamentation shared by T. !cukni, 

'Even in the Belgrano beds of Patagonia we find a,nalogous occurrences, where T. 8ubverdricosa, 
Stanton,! which ~;o closely approacheR T. ven trr:cosa and may perhaps be its western representative, is 
accompanied by T. llfdf,fo.~culpf,a, St,:mi-,on,1I a f OHn which appean=; from its youthful and adult charac­
ters to have t.rue rcla,tiol1Rhip with t he SOll t,h Afrj~an group of .T. va1/,. 

It will thus be seen that somo of these East African T1'i.fJonice jn unmistakable manner recall 
certain of the most chamcteris tic Oomia forms, and a further point to be noted is that T. vent1'icosa 
and 1'. be!J8chlagi are associated in 3, coarse-gra, ined calcareous sandstone with a large Gervillia closely 

'resembling G. dentata, Krauss. Precisely t he same may be said of T. ventl'icosa and T. cra88a in Cutch; 

and if the relationship of t he East African "lower neocomian" fauna to that of the Uit.mhage 

(formation is strong, t he similarity of facies t o that of the Oomia lamellibranch assemblage is noless 

striking, so far as it is revealed by the evidence at present available. 

It may here suffice to have attention briefly drawn to these points, and a more critical compari­
':son of the faunas a.s a whole, with consequent bearings on wider questions, must be postponed until the 
remaining Oomia. mollnsca, have been examined in detail. At the same time it seems evident that 

t his mollusca.n assemblage of supposed neocomian age in German East Aflica may prove an important 
li nk in the correlation of the marine Oomia and U itenhage strata • 

• 
1 T. W. Stanton, Rep. Princeton Univ. Expcd. to Patagonia, 1896-1899. Yd. IV, Pt. I, p. 18, PI. IV, figs. 

19-20. (Princeton University, 1901.) 

~ Op , cit./ p. 20. Pl. IV, figs. 16-18, 
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:Fig. 1 ,  l a, lb. TRIGONIA. TUMID A,  Kitchin. Lower Charee beds, Keera , (Page 1 3.) 
Characters of senility are seen in the crowding of the flank ribs neal' the pallial 
border, and the dwindling of sculpture on the area. 

" 2,  2a. TRIGONU. TUMIDA, Kitchin, Upper Putchum beds, north-west of Jumara. 

" 3, 3a, 3h. TRIGONIA PRORA, Kitchin. Upper Putchum beds, north·west of Jumara. (Page 1 6 .) 
The sculpture of the area. owes its ill-defined character to imperfect preservation. 

" 4, 4aJ 4b. TRI G ONIA CHAR IENSIS, Kitchin. Charee group (lowest beds), K eera. (Page " 18.) 
The rounded appearance of the carinre and the obliteration of sculpture on the area 

is due to imperfect preservation . 

(Except where otherwise stated, the figures in Plates I-X are drawn in natural size.) 
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1 .  

" 
2, 2a .  

" 3,  3a. 

" 4, 4a-c. 

" 5 .  

" 6, 6a, 6b.  

P L A T E  I I. 

TR IGON IA CH ARJEN SIS, K itchin . C haree group (lower beds) , Keera.. ( Page 1 8.) 

Th e posterior portion of the escutcheon and i nner carina are broken away. 

TinGONIA PRO
'
PIN QUA, Kitchin. Charee group (lower beds) , Keera. (Page 2 1 .) 

A fully-grown specimen showing characters of senility. 
" 

TR IGONlA. PROPINQUA, Kitchin. Charee group (lower beds) , Keera. 

TR I GONIA BR.f.4JVICOSTATA , Kitchin . Lower Charee beds, J ooria . (Page 23.) 
A left va.lve, showin g the relatively wide ante-carinal groove. 

TRIGONIA BREVICOSTATA, Kitchin. Charee group, Kattare H ill .  Right valve, show 
ing the ante-carinal space. 

TRIGONIA DISTINCTA, Kitchin. Charee group (l ower beds), Guddera . (Page 25.) 

Left valve, showing the ante-carinal space and posteriorly blunt carina. Mat rix 

omitted in figs. 6a, 6 b .  
" 7 .  TR IGONIA DISTINCT!., Kitchin. Imperfect right valve, showing clearly the transverse 

ornaments of the escutcheon. (Some matrix omitted in figure.) 

" 8, 8a. TRIGONIA A CUTA, Kitchin . Chares group (upper beds) , north -west of Jara. (Page 27.) 

A left valve, posteriorly incomplete ; the ornaments of the area have been in great 

part removed. 
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P L A T E  I I I. 

Fig. 1 ,  la, l b .  TRIGON!! DHOSAENSIS, Kitchin . Charee group (upper beds) , north of Dho�a, 
(Page 29.) A left v alve sho wing the ante-carina} spac e.  Some matrix is omitted 

in fig. l ao . 
" 2 . TRIGONIA DHOSAENSIS, Ki.tchin. Same horizon and loc

·
ality. Right valve not fully 

" 3, 
" 4. 

" 5, 
" 6. 
; , 7, 

3a, 

5a. 

7 a. 

grown, showing a few of the tubercular ornaments of 'the marginal carina, which 

horrespond in number to the costre of the flank. The costre do not extend to the 
marginal carina. 

3b. TR,IGON IA NITIDA, Kitchin. Ch aree group (top beds) , north of Dhosa. (Paoge 32.) 
TRIGONIA NITIDA, Kitchin. Same horizon ",nd locality. A right valve, showing that 

the flank-costro do not extend to the marginal carina. 
TRIGON I.!.. TENUIS, Kitchin. Oomia group, Adooi . (Page 35 . )  

TRIGONIA. TENUIS, Kitchin. Oomia groul', Kukrooa. 

TRIGONlA PARVA, Kitchin . Oorn ia group, south by east of Goonaree. (Page 37.)  

The- specimen is posteriorly incomplete. Fig. 7.) natural size ; fig. 7 a ,  magnified 
twice. 

" 8, Sa. TRIGONI..A. PARVA, Kitchin. Same hori zon an,d lol!ality. Specimen viewed from above) 
• 

showing the large escutcheon. �'ig . S, natural size ; fig. 8a, m�gnified twice. 

» 9, 9a. TR IGON IA. SM EEI1 J .  de C. Sowerby.  Oomia group, Kukrooa. :Fig. 9a, front view, ' 
(Page 40 .) 
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2, 

9 0 .  

4. 

5.  

6 .  

P IJ A T E  I V. 

TRIQO N U  SMEET, J. de C. Sowerby. 90mia group, Kukrooa. (Page 401) 

A wel l-preserved right valve, showing the gradual obliteration of tlle ante-carina} 

groove, and the passage from the early-formed nodose sculpture of tn.! area to the 
laJ.er si mple tr3lusverse costel1::p, in. part continuous with the costm of the flank • .  

The rela.tion between the ornaments of the �ea and escutcheon is 81s6 well 

iaustrated . SOIDe m atrix is omitted in fig. 1a. The detail� of sculpture in the 

neighbourh ood of the umbo have become obliterated by accidents of preservation. 

TR IGO�L\ S�I:EEI, .T. de C. Sowerby. Same localit.y and horizon . The umbonal region 

of an imperfect individ ual, viewed from above. The shell is partly retained i n  

the left valve ; the ri ght valve i s  in' the form of a cast. In the left val ve, the 

apparently granular or nodose character of the flank costro is merely due to 

acc idents of preservatio n. The specimen illustrates the nature of the sculptu re 

during t he youthful growth-pp.riod.  There are well-developed, minutely nodose 
marginal , m edian, and inner carinm, and defi nite longitudinal, nodose inter-carinal 

ornamenting ridges on the area. In the lower part o£ the figure these are seen to 

Le replaced by transverse l·idges. N p,�, r the um bo the escutcheon is delicately 

ornam ented ;  posteriorly- to the ligament pit it is marked only by cl osely crowded , 

strai ght growth-li nes, characteri sing the late;;;t growth-stage. The fossil  l igament 
IS partially preserved . 

TRIGONIA. S }IE El, .T . d.e C .  S owerby . Same local ity and · horizon . Internal aspect of 

i mperfect right valve, sho wi ng the  binge.teeth and anterior raieed platJorm on 

the floor of tlie valve. 

T H IGONIA CRASS:\, K itchin. Oomia. group, north-east" of Oomia. (Page 44.) 
A fi ne specimen of elongat ed type, sh owi n g  more c learly tha n usual the l ingeri ng­

traces of the ante-cal'inal groove.  The l'elation between the costre of the flank and 
the transverse costellm of the area is m ore regulat· than usual. 

'l'RIGO�I A C RASS.-\ ,  Kitchin .  Oomia group, north-ea st of Goonaree. Left valve, 

showing average relat ions of height a n d  len gth . The senile character of crowded 

narrow ri bFl is seen neal' the pa.l I ial m argin.  The irregular nature of the flan k 

ol'D.amentation, with len ticular shaped, apparently dis.Jocated, rib portions, is wen 
shown . 

TRIGON !.>\. C'RA S :U, K i tchin . Oornia group, nort h-east of Oomia. Speoimen with bo t L 
valves, viewed from -above. rrhis figure shows the scarcely percept ihle d i fferentia. · 

tion of the esoutcheou, alld the etongated l igamen t pi t ,. 
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P L A T E  Va 

Fig. 1 .  TRIGONI A. CRASS!, Kit.chin . Oomil). group, H uroora . ( Page 44�) 
A left va.lve, with sculpture somewhat smoothed by weathering, showing relatively ' 

few irregularities in  the flo.�k costre. This specimen illustrates variation in the ' 

direction of shortness and i ncreased height as regards outline.. The senile erowd­
ing of the ribs is seen neat' the pallial border. In the · posterior half of the valve-­
the urea is no longer marked off. 

" 2 . TiuGONI:A. CRA S S A ,  Kitchi n. Interior of a right valve, showing the ·hinge-teeth. 

" 3, 3a, 3b .  TRIGONa CRASSA, Ki tchin. Oomia group, north·east of Goonaree. A- lett valve of 
elongated form sho w ing much irregularity in the arrangement of the ribs. On 
the ill-defined area the ribs are much more numerous than on the HQ,nk, and are 

of very unequal strength. Fig. Sa, interior, showing the very massive hinge 

and the anteriOl' bracket supporting the anterior adductor impression, and partly '  
also the teeth . Fig. 3h, front view, showing the interclOssing of growth-lines. 
and attenuated costro on the flattened frontal face. 

;) 4.  TRI GONIA C A lt DINIlFORM I SJ Kitchin. Oomia group, Goonaree. (Page 49.) 
Left valve showing the l'idgea of accretion accentuated by weathering, the 
posteriorly blunt carinal angle, and the well-developed deplessed. ante-carinal space .. 



Geol . Surv of India 

3 

J URAS S I C FAU N A  OF C U T C H . 

I 
I 

I 
I 
I 
\ 
\ 
\ 

/ 

\ 

/ 
I 

Vol . III .p t  2 

.­
" 

I 
I 

' - � ­

I 
f 

I 
I 

I 
I 

.... ... ...... , ... 
... , " , 

, , , 
, 

\ 
\ 
\ 
, 
\ 
I 1 - -' - - - - - - - - - -

/ 

Pl .V. 

3 b  

G M Woodward del.et litb . West,Newman imp . 



Fig. 1 ,  l a, I " .  

" 
" 

iiJ ,  

" 3. 

" 4. 

" 5, 5a. 

' J  6 ,  6a . 

" 7.  
" 8 . 

" 9 .  

P L A T E  V I. 

TRIGONIA CARDINIIFORMIS, Kitchin . Oomia group, Goonaree. (Page 49.) 

A . right valve illustrating the passage from regular costate sculpture near the 
umbo to unequally spaced bands, ridges, and grooves, which may represent 
degenera,ted sculpture or mere phenomena of irregular accretion . 

TRW·ONI A CARDINIIFORMIS, Kitchin. Oomia group, Goonaree . Imperfect specimen 

viewed from above. This shows that the ornamentation of the area in the youthful 

period consists of minutely nodose longitudinal ridges which recall thos�. of all 
Costatre. At this stage there is a well-defined marginal carina. 

TRIGONIA, TRAPEZIF ORMIS .  Kitchin. Oomia group, south-east of Trummo. (Page 6 3 . )  
A righi- valve, imperfectly preserved near the umbo, showing the spaced orna­

ments of the marginal and median carinre. 
TRIGON l A  TRAPEZIPORMIS, Kitchin . Same

' beds and locality. A left valve, showing 

the sharp carina of the young shell. 
TRIGONIA TRAPEZJ FORM JS, Kitchin. Oomia group, between Trnmmo and Rahpur. A 

left valve exhibiting traces of the longitudinal ornaments of the area, and the 
well-marked inner carinal ridge, 

TR IGO� IA SPISSICOSTATA, Kitohin. Oomia group, T'I'igonia bed, north-east . of 

Goonaree. (Page 62. ) 

The ornamentation near the umbo has been obliterated in this and the originals 

of the following three fi gures. 

TRIGONB. SPISSICOSTATA, K itch in . From same bed and locality. 
'TR IGONIA SPISS I C O STATA , Kitchin. Same bed and locality. Right valve somewhat 

weathered, showin g a greater regularity in the rIbbing. 

TRIGONI A SPJSSICOSTATA, Kitchin. Same bed and locality. RigLt valve viewed from 

above ; this sho ws the strong median groove of the area and the well demarcated 

escutcheon. 

,, 1 0 . TR IG ON U  RETR ORSA, Kitchin. Oomia group, Oomia . . (Page 57 .) 
Posteriorly incomplete left valve of a full-g:rown individpal, illustrating th� widE ; 
ant.e.carinal space and the posteriorly evanesce11t car:nal angle. 
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P L A T E V I I. 

Fig. 1 ,  la, l b. TRIGON!A RETRORSA, Kitchin. Oomia group, north-east of Oomia. (Page 57 .) 
An almost complete left valve, not fully grown. The ornaments have been partly 
obliterated by weathering. In fig. la the weak longitudinal o� enting ridges 

of the area in the neighbourhood of the umbo are not discernible, owing to the 

unsui�ability of hthography to produce such fine details ; they can be clearly seen 

011 t he specimen. The sharp character of the marginal carina. near the umbo is 

shown. 
" 2, 2a, 26. TRIGONIA. RBTRORSA, Kitchin. Oomia group,Huroora. A fine specimen broken away 

·posteriorly. The cardinal margin is also incomplete. Figt. 2, 26 illustrate well 

the characteristic wrinkling caused by strong lines of accretion which intel'SOOt the 

ribs on the flattened frontal face. Fig. 2a, the specimen viewed from above, 

shows the well--sunk escutcheon and the elongated ligament pit. 

" 3, 3a. TBIGONIA DURIA, Kitchin. Oomia group, Huroora. ( Page 67.) 

A well-grown individual with both' valves, which is posteriorly incomplete and has 

Buffered much from weathering. Fig. 3a, frontal aspect, to show the relations of 
height and depth . 

" 4.  TRIGONIA DUB lA, Kitchin. Same beds and locality. An incomplete left valve. 

" 5 ,  TRIGONIA DUBlA, Kitchin. Same beds a.nd locality. An incomplete right valve. 

" 6. TRlGON!A V-SCRIPTA, Kitchin. Oomia group. Trigonia bed, north-east of Goonaree. 

(Page 70.) 
Right valve not fully grown, but illustrating adult characters. This specimen 

shows the transversely orna�ented carinal angle becoming posteriorly obliterated. 

" 7. TRIGON U. V-SCRIPTA, Kitchin . Same bed and locality. Hinge of left valve. 

" 8.  TRIGONIA Y·SCRIPTA., Kitchin. Same bed and locality. Hinge of right valv� 
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P L A T E  V I I I . 

fjg. 1 ,  lao rl'.H.I GONIA V-SCR IPTA, Kitchin. Oomia group. Trigonia bed, north- east of Goonaree. 

(Page 70.) 
A left valve in which adult characters are fully developed. The ornamentation has 
become effaced near the umbo. Fig. la, the specimen viewed from above. (Matrix 

not drawn . ) 

, , 2 . 'TR IGONIA V-SCIUPTA, Kitchin . Same bed and locality. The umbonal region of an in-

.") 
) .) . 

complete and immature specimen, showing the oblique ornaments .on the area ; the 
inner carina ; the smooth escutcheon and small ligament space. 

TR l G o:su. V-SCR IPTA, Kitchin . Same bed and locality. An ill"preserved, fully-grown 

right valve, to illustrate the cessation of rib-development at the approach of senility. 

" 4, 4a) 4b. TRIGOHIA RECU RVA, Kitchin. Oomm group, north-east of Oomia. (page 75.) 

A fully-grown individual with relatively fine anterior ribbing. The shell is much 

rounded and worn in the region of the umbones. The old-age marginal thickening 

i s  very noticeable. 
:, � , 5a, 56.  TRIG ON!! REC O RV.A , Kitchin. Oomia group. T'I'i!Jonia bed, north-east of Goonaree. 

;) 6. 

" 7 . 

A posteriorly imperfect, immature individual, having the valves united. The anterior 

ribbing is relatively well-spaced. Fig . 5b (magnified twic
.
e) shows the character of 

the youthful ornamentation. The fine ornamenting lines which sweep forward across 
the very narrow area, are even more delicate and linear than they appear in the figure, 

and stand in stronger contrast to the coarser ribs of the flank. The delicate, linear J 

and evanescent inner carina marks off the broad, smooth escutcheon for a time, but 
there is subsequently no line of demarcation between area and escutcheon . 

TRlGONIA RECU RVA, Kitchin . Same bed and locality. An immature specimen having 

very delicate and crowded anterior ribs.  
TRIGONlA KUTCHEN SI S, Kitchin. Charee group (l ower· beds) , Keera Hill. (Page 84.) 

Left valve not fully grown . 

, , 8. TRIGONlA. K UTCH ENSIS) Kitchin . Same horizon and locality. Left valve which has 
nl)� attained full dimensions. 

') 9) ga . TRIGOXIA K UTCHENSIS, Kitchin. Same horizon and l oeality. Anterior. portion of a well­

grown right valve . -Fig. 9a shows the well-!,pat'ed Ehort horizontal ribs on the 

frontal face. 
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P L A T E  I X . 

Fig.  1 ,  la-c. Tll I(; ONIA REMOTA , Kitchin . Oomia group ; Kass Scarp, south-east of Hubba.­
(Pag'e MO.) 
Fig. Ie (magnified twice) shows the character of the youthful ornamentation, the' 
thl'ee well-developed carinm and the transverse ornaments of the area. 

" 2 ,  2a, 2b. TRIGONIA EXORTIV A, Kitchin. Charee group llower beds) , north of Bamburka.  
(Page 88.) 
A well-grown right va.lve, posteriorly incomplete, in which the transverse ornaments 
of the area have been in part obliterated. 

Fig. 2a, viewed from above, shows well the concentric flank-ribs of the youthful 
growth period, and the transverse ornaments of the adult escutcheon. · Fig. 26, 
frontal aspect . 

" 3, 0a. TRIGONL\. EXORTIV A, Kitchin . A younger individual, showing the transverse oma--

ments of the area, and the marginal and inner carinre. 
" 4, 4a. TR.IGONIA HISP IDA, Kitchin. Futchum group (top beds\ north�west of Jumara.. 

(Page 9 0 .) 
A fully. grown individual, showing well the highly ornate chal'acter of the flanks. 

Fig . 4a, fronta.l aspect. 

" 5, fia. TRIGONIA BISFIDA, Kitchin . Same horizon and locality. A younger and imperfect 
individual. In fig. oa , the specimen viewed from above, the transverse ornaments­
on the posterior half of the escutcheon are £reen, althQUgh pa.rtially effaced by 

weathering. 

" 6. TRIGON1A. J U MAREN SIS, Kitchin. Putchum group (top beds) , north-west of Jumal'a. 

)) 7 I 7 a. 

• ' 8, Sa. 

,Jo 9 .  

(Page 93.)  

Incomplete right valve exhibiting the regular formation of nodes due to the intel'­
crossing of concentric and vertical flank-ribs. 

TRIGONIA GRA CILI S, Kitchin. Charee group (lower beds) , K eera Hill. (Page 95 .)  
Incomplete left valve, with well-preserved sculpture. Near the umbo the concen-­

tric ribs pass across the area ; in later stages the area is traversed by closely spaced 

and delicate strire, with widely spaced sulcations. Fig. 7 a, the specimen viewed 
from above. 

TRIGONIA MAMILLATA, K itchin. Oomia group. Trigonia bed, north- east of Goonaree • 

(Page 100.) 

A left valve, not fully grown. The ornaments have be.ome effaced near the umbo. 
Fig. Sa, the specimen viewed from above. 

TRIGONL-\. MAMILLATA, Kitchin. Same bed a;nd locality, A large left valve in frontal. 
aspect. 



G e 01 SUPv-. of Indi OJ • 

, 

I 
I 

, 

1 0  

x 2  

I lL  

'1 

GMWoodwaro del. et 11l:.b . 

JURAS S I C FAUNA. OF C U T CH . 

Vol . IIl. p t . 2 . 

Pl lX. 

l a  3 2 

3a  

1 b 

2 a  2 b  

4 a,  

6 
5 

5 a,  

8 

. .-

West,N ewman jmp . 



P L A T E X. 

Fig . 1 ,  la,  H. l'R H;o�L \ 'L\.\l I LLiTA, K itchin. OOInia group . Tl'igonia bed, north-east of Goonaree. 
(Pag� 100 .) 

" 
, �  

.ow . 

'l 3 .  

" 4, -la.. 

" 5 .  

A well-grown left valve. The absence of ornamentation close to the posterior 

extremity is due to acciden ts of preservation. The ornamentation has also been 
effaced at the umbo. }'ig. ] a, specimen viewed from above, showing the tuber-
cular sculpture of the imperfectly (h�marcated escutcheon. Fig.  1 0, hinge . 

TR WONIA M A M I LLATA, Kitchin. Same bed and locality. Umbonal region of an indi­
vidual from which the ornaments have become quite effaced, showing 'l/he large and 
elongated ligament pit . 

TRIGONL'\, M AM I LLATA, Kitchin . Same bed and locality. Hinge of ri.sht 'va:ve ; the 

teeth form a relatively acute angle with one another. 
TltIGON I A  VENTR ICOSA, F. K rauss sp. Oomia group, Goonaree. (Page 1 04 . )  

' A  fully-grown left valve in which the costellre on the anterior portion of the area. 

have become effaced. 
TR I G ONIA VENTRICOSA, F. Krauss sp. Oomia group, south by east of Goonaree. 

An individual, not ful ly-grown, in which the ornaments are excellently preserved ; 
viewed from above. '�rhe short mineralised ligament is situated between the 
umbones. 

" 6, 6a. TRIGONIA VENTRICOSA, F. Krauss sp. OOInia group, south by east of Goonaree. 
Frontal aspect of an immature individual ; the valves are relatively compressed at 
this stage ; the ribs of one valve are seen to alternate with those of the other. Fig. 
6a) magnified twice. 

" 7 ,  8 .  TR IGONL-\. VENTRICOSA, F .  Krauss sp_ Uitenhage beds, Sunday River, South Africa. 
Interior of right and left valves, showing the hinge teeth, the short posterior 
siphonal ridge, and the series of pits on the inner side of the pallial margin, which 
correspond i n  position with the terminations of external ribs. (These two speci­

mens are in the col lection of the Geological S ociety of London. )  
" 9,  ga ,  9b .  TRIGON!.'\. PL'LCHRA, Kitchin. Oomia group, south by east of Goonaree. (Page 109.) 

A posteriorly incomplete indiyiJual. Fig. 9b, the specimen viewed from above) 
magnified twice. The scarcely perceptible carinal angle does not in reality exactly 
coincide with the angular junct ion of the ribs whir.:h ornament flank and area. The 
ornamentation of the area in the left valve or the specimen is partly m,aske�;' by 
.adhering matrix, and has been sl ightly restored in the figllre. 
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